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 The de fi nition of old age is not a clear one; most societies use arbitrary language to de fi ne ‘the 
older adult.’ One hundred years ago, old age was de fi ned as ‘any age after  fi fty.’ Later, criteria 
such as pension schemes evolved to de fi ne the older adult, and ages 60 to 65 are numbers still 
accepted today. The term ‘geriatrics’ means ‘related to the aged’ and geriatric medicine deals 
with ‘medical problems of old age.’ Aging is associated with a gradual decline in physiologic 
processes, along with susceptibility to disease. The needs of the old differ from those of the 
young. Geriatric patients often present atypically. Both evaluation and care differ. Decision-
making is in fl uenced not only by the disease process itself, but also by life expectancy, quality 
of life issues and patient choices. This book deals with both the physiologic and pathologic 
changes in the gastrointestinal system as the aging process advances, and with the evaluation 
and care appropriate to the older age group. 

 The gastroenterology and geriatric medicine disciplines are fortunate to have two experi-
enced editors in Dr. Pitchumoni and Dr. Dharmarajan: they have conceived this book and have 
brought it to fruition. They are distinguished educators and clinicians who have achieved 
national and international respect in the  fi elds of gastroenterology, internal medicine and geri-
atrics. As authors and editors, they have been collaborating for over three decades. Having 
co-authored a series of articles in geriatric gastroenterology in peer-reviewed journals, they 
have now taken a step further in the design and execution of this work. The diverse back-
grounds of the two editors bring strength and breadth to this ambitious text. 

 Both editors have spent the majority of their professional careers in academic gastroenterol-
ogy and geriatric medicine respectively. They have published extensively and have served on 
the editorial boards of prestigious journals. Dr. Pitchumoni, a recognized master teacher, is a 
Master of both the American College of Physicians and the American College of 
Gastroenterology. He has advanced degrees and board certi fi cation in the  fi elds of internal 
medicine, gastroenterology, clinical nutrition and public health. Although he considers this 
author to be his mentor, I have certainly reaped equal bene fi t from our personal and profes-
sional relationship over the years. 

 Dr. Dharmarajan, a dedicated geriatrician, developed one of the largest known acute care 
hospital geriatric programs and associated geriatric medicine fellowships. He also serves as 
Associate Dean of his af fi liated medical school. In 1998, he published “Launching a Geriatric 
Unit” in  Health Progress . The two continued their academic alliance in 2002 with the publica-
tion “Geriatric Medicine Programs in India: Has the Time Arrived?” in the  Journal of 
Association of Physicians India . The present book joins several other textbooks previously 
edited by this  fi ne team of scholars. 

 This is not just another gastroenterology textbook. The design is unique in providing con-
temporary information in the  fi eld of gastroenterology pertinent to the older adult. 

 Although not the  fi rst book in geriatric gastroenterology, this  fi rst edition is conceptually 
bold and novel. The text is a state of the art, comprehensive and practical approach to the clini-
cal practice of internal medicine, geriatrics and gastroenterology. The references are updated 
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viii Foreword

and current clinical practice guidelines are appropriately presented. The book impresses me as one 
meant for the practicing physician as well as the resident in training and the fellow in geriatric 
medicine or gastroenterology. Key points at the end of every chapter summarize the highlights. 
Every chapter is amply supplemented with easy- to-understand tables and  fi gures. Two chapters 
are devoted to radiologic images of gastrointestinal disorders in the aged. A chapter dealing 
with gastrointestinal pathology is rich in photographs of virtually every common gastrointestinal 
disorder in the elderly. The book as a whole is liberally illustrated with high quality images and 
clear captions. 

 The editors have done an excellent job in their plan and execution of the contents. Seventy-two 
chapters are presented in fourteen sections. Introductory chapters present the perspectives of 
the editors as geriatrician and gastroenterologist. These are followed by a chapter on future 
trends in health care, and enable clinicians become knowledgeable on management of gastro-
intestinal disorders in the aged population, a view supported by the American College of 
Gastroenterology. Chapters follow on the basic sciences and principles of gastroenterology in 
the context of the older adult and the aging process. Subsequent chapters deal with the impor-
tant topics of pharmacology and drug interactions. The next few focus on geriatric nutrition, 
with topics ranging from healthy diet to enteral feeding to ethical issues in end-of-life care. 
The chapters which follow deal with luminal disorders, malignancies of the gastrointestinal 
tract, the liver, gallbladder and pancreas, palliative care, systemic disorders, and psychiatric 
disease. Each chapter focuses on evaluation, differential diagnosis and management of gastro-
intestinal problems relevant to the older adult. 

 Over eighty authors have contributed to the writing of this book. Many are of national and 
international repute, and ably supported by junior faculty members. In addition to their role as 
editors, Dr. Pitchumoni and Dr. Dharmarajan have also contributed a signi fi cant share of book 
chapters. 

 In summary, this  fi rst edition of Geriatric Gastroenterology is a major attempt to be all-inclusive 
in the  fi eld of gastroenterology pertinent to the geriatric patient. The information therein is 
contemporary and basic to the practice of medicine. It is a privilege and honor to write this 
Foreword. The Editors are world-renowned educators and scholars who have designed and 
delivered a masterful textbook for clinicians of internal medicine, geriatrics and gastroenterology. 
They are to be congratulated for this effort. 

Clinical Professor of Medicine  Martin H. Floch, M.D. 
   Yale University School of Medicine   
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 Over the past several decades, trends in global aging have focused attention on the manner in 
which we care for older adults. How can we be best prepared to meet the demands of medical 
illness in our aging population? Many of the medical societies have increasingly promoted the 
blending of medical sub-specialty training with expertise in the care of the older adult. In this 
regard, the American Gastroenterologic Association Future Trends Committee Report recently 
highlighted several areas for improvement in health care delivery, including the need to iden-
tify ‘best evidence-based care’ for the older adult; to develop guidelines for care of speci fi c 
gastrointestinal issues in geriatrics; to modify current practices in order to meet the complex 
needs of older individuals; and to adapt the healthcare workforce to meet the demands of spe-
cialized treatments in gastroenterology for older people. Until there are suf fi cient trained per-
sonnel in both geriatrics and gastroenterology, providers must handle the daunting task with 
knowledge gained in other ways. 

 As editors specialized in gastroenterologiy and geriatric medicine, we see the need for a 
textbook to address the physiology, pathology, evaluation and management of digestive disor-
ders in the elderly. Too often, clinical complaints are attributed to ‘old age’ by patient and 
provider alike. Physicians must be better trained to discern physiological from pathological 
processes and normal aging from disease. Disorders such as constipation and diverticular dis-
ease are common in the old, but are they pathological, or the result of aging? As age is associ-
ated withimmune dysfunction, the role of the gut in the elderly has become a subject of 
increasing importance. How should the age-related decline in homestatic mechanisms, known 
as homeostenosis, alter medical care in the elderly? Added to the complex situation is the 
impact of polypharmacy and adverse drug events which often mimic gastrointestinal disorders, 
with increasing health care costs. How can we learn to be more focused and sensitive to these 
issues? This book attempts to clarity these challenging and controversial issues in the diagno-
sis and care of the geriatric individual. 

 A standard format has been adopted for this text, whereby most chapters conclude with key 
summary points. Numerous tables and  fi gures are included to emphasize content. There are 
abundant pictures focusing on endoscopy, radiography and pathology. Several relevant gastro-
intestinal topics unique to the older person are included. We anticipate the book will be a valu-
able resource for residents, fellows, and practicing physicians alike. A section providing 
Questions with multiple choice Answers and brief discussions relating to the chapters is hosted 
in an electronic platform (Springer Extras); this may be an additional benefi t particularly to 
residents and fellows in training. 

 This work is by no means all-inclusive, but does offer solid grounding in geriatric gastroen-
terology. It is also not the  fi rst text on the subject: the  fi rst comprehensive book was written in 
1984 by Lawrence J. Brandt MD, Emeritus Chairman of Gastroenterology at Albert Einstein 
College of Medicine, entitled “Gastrointestinal Disorders of the Elderly.” Tremendous credit is 
due to Peter R. Holt MD of Saint Luke’s Hospital of New York-Presbyterian Medical Center 
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for pioneering the concept of ‘Aging and the Gastrointestinal Tract’. These two provided the 
initial motivation for our efforts. We salute as well many pioneers in the  fi eld of Geriatrics: 
William R. Hazzard, Christine K. Cassel, Joseph G. Ouslander, Mary E. Tinetti, Laurence Z. 
Rubenstein, John E. Morley, and others; and the  fi eld of Gastroenterology: Howard M. Spiro, 
Henry L. Bockus, Sir Francis Avery Jones, Dame Sheila Sherlock, Marvin H. Sleisenger, John 
S. Fordtran, Edward J. Berk, and others. All of these scholar-mentors in medicine paved the 
path for us to follow. 

 Special thanks are due to Martin H. Floch MD of Yale University, who has graciously pro-
vided the Foreword for the book. We are grateful to the many contributors who responded to 
our call and gave generously of their time to provide chapters for the book. Springer has been 
supportive from the start of this venture and throughout the editing process. Both of us wrote 
a series of articles over the past  fi fteen years on the theme of geriatric gastroenterology, and 
Springer has been instrumental in bringing to fruition our dream of a textbook of geriatric 
gastroenterology. 

 Support and encouragement from our family was ever present, and for this we are eternally 
grateful. Our families were a source of strength and inspiration; their patience, understanding 
and sacri fi ces commendable. As teachers and mentors, we acknowledge our students, resi-
dents, fellows and professional colleagues for providing the opportunity to enrich our knowl-
edge and clinical skills. And above all, we pay tribute to our older adult patients in community, 
hospital and nursing home settings, from whom we have learned so much. 

 It is our hope that this textbook serves as a resource towards ful fi llment of a goal so aptly 
stated by Abraham Lincoln: “And in the end, it’s not the years in your life that count. It’s the 
life in your years.” 

 C.S. Pitchumoni MD 
 T.S. Dharmarajan MD   
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   An Aging Society, an Era of Centenarians 

 Aging trends the world over have resulted in a dramatic 
increase in life expectancy of older adults. While the life 
expectancy at birth for a female and male born in the USA 
today has increased to 80 and 75 years, respectively (mean 
77), it is even higher in Canada, Japan, France, Italy, Sweden, 
Greece, and some other countries. In spite of their functional 
limitations and comorbidity, the group over 85 years has 
been the fastest growing segment in the USA. 

 The U.S. Census Bureau used the term Century Club to 
denote the people aged over 100 years, a number around 
50,000 in 2004; the centenarians have increased rapidly in 
the last 5 years to over 70,000 as of 2010, the highest number 
for any country in the world  [  1  ] . Even more impressive is the 
number of supercentenarians (aged 110 years or over) in the 
USA and European countries. Of the 60 oldest people in the 
world (as of December 2010), the top ten aged over 113 
years, are mostly from the USA or Japan. The oldest person 
to meet Guinness standards was Jeanne Calment, a 
Frenchwoman who died at 122 in 1997. This age group 
would surely have kept health care providers perplexed; 
although the provider of care rarely has the opportunity to 
care for such cases, this is more likely to occur in the future 
 [  2  ] . Table  1.1  provides relevant age-related statistics.   

   Differentiate Physiology from Pathology: Age 
Versus Disease 

 With these aging trends, it is only to be expected that the old 
will be burdened by impaired function, often coupled with 
diseases of several systems, the gastrointestinal system being 
no exception  [  3,   4  ] . The difference between physiological 
changes expected with age and pathological changes or dis-
ease may be blurred or distinct. While menopause is a dis-
tinct physiological change expected at a certain stage of life 
in women and renal function declines at a certain rate with 
age, other physiologic processes are less well de fi ned. 
Constipation is more prevalent in older adults but may be 
attributed to changes in life style, disease process, and 
adverse effects of medication, rather than a well-recognized 
alteration in gut transit time. But the patient tends to con-
vince the doctor that “it is because I am getting old”; the 
providers of care must decide for constipation or any mani-
festation, whether it is an age-related physiological change 
that requires little care or a disease process needing 
intervention.  

   Too Much or Too Little Care: The Question 

 Health care providers including geriatricians and gastroen-
terologists caring for older patients will need to make sev-
eral judgments: whether a patient is in good health and 
will live long enough to bene fi t from an intervention; 
whether the life expectancy is less than 6 months and a 
quali fi er for hospice; or if death is imminent  [  5  ] . Life 
expectancy is in fl uenced by age, disease, and disability 
 [  5  ] ; predicting life expectancy is dif fi cult and imprecise. 
It is equally important to assess the old by their physiolog-
ical age rather than chronological age; many geriatric 
patients may bene fi t from treatments as much as the young, 
whereas some may require alternatives. People in their 90s 
or older (referred to as the oldest old) may be healthier and 
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more robust than some who are 20 years younger  [  6  ] . The 
use of physiological age, with a determination of func-
tional status and social support, enables providers to make 
more appropriate decisions. The concept of “successful 
aging” was con fi ned to persons with an excellent genetic 
background who had also lived an exemplary lifestyle  [  7  ] , 
but as we know today, people can age with disease processes 
by overcoming disabilities, and may be termed “aging suc-
cessfully” in contradistinction to “successful aging”  [  8  ] . 
Additionally, when addressing patients a word of caution: 
the term “old” is perceived to be associated with negative 
traits far more than the word “young.” 

 Besides addressing physiologic age, the approach to an 
older adult must begin with assessment of life expectancy 

and incorporate evidence-based guidelines; short-term issues 
must focus on restoration of the previous state of health, 
mid-range issues must address preventive care and geriatric 
syndromes, and long-term issues require planning for decline 
and end-of-life  [  9  ] .  

   How Is the Geriatric Patient Different? 

 “Is the geriatric GI older patient just like any other adult? No…. 
and Yes” is well addressed by a geriatrician–gastroenterologist 
in an American Gastroenterological Association Perspective 
and in depth in the Association’s Future Trends Committee 
Report. Several gastrointestinal disorders such as constipa-
tion and cancer are known to be common in the geriatric age 
group; further, the older adult is likely to manifest additional 
comorbid conditions including but not limited to cardiac and 
renal diseases, alterations in weight and malnutrition, impaired 
cognition, hearing and visual impairment, and proneness to 
falls, delirium, and incontinence. With polypharmacy and 
inappropriate prescribing a concern in this age group, adverse 
drug events (ADEs) are common; they may manifest as GI 
illness, such as constipation, diarrhea, GI bleeding, peptic ulcer 
disease, and pill esophagitis, a partial list. Furthermore, ADEs 
are a common basis for hospitalization and health care costs. 
The older adult may not comprehend or adhere to recommen-
dations for a procedure or its management, because of underly-
ing dementia; rather than being labeled noncompliant, the 
patient needs additional help in view of impaired cognition. 
Dysphagia and aspiration are common basis for morbidity and 
mortality, more likely to be predisposed to by neurological dis-
orders such as Parkinson’s disease or Alzheimer’s dementia, 
than by mechanical obstruction. The risk for aspiration is not 
minimized by gastrostomy tube feeding either. Older adults 
with dysphagia and re fl ux disease also  fi nd it dif fi cult to swal-
low their medications and are prone to pill esophagitis. With 
these scenarios, a multidisciplinary approach is often required, 
coupled with care giver dependency.  

   Make the Right Decisions at End of Life 

 The geriatrician may believe that towards the later stages 
of life, there is a lower likelihood of cure for disease; 
aggressive therapy may be unwarranted and comfort is 
paramount. About half the older patients die in hospitals, a 
quarter in nursing homes and the rest in community set-
tings. In the palliative care setting, data suggests that 
median survival may be longer in those receiving early 
palliative care; high-quality palliative care in any setting 
(home, hospital, or nursing home) helps patients and 
should be integrated into patient care in all settings  [  10  ] . 

   Table 1.1    A selection of age-related statistics  [  1,   17  ]    

 US population (Feb 2011)  310,862,271 
 Age 65 years and older in USA 

 Total 65+ age group 
 Percentage of total population 
 Male:female ratio 
 Males >65 years, % population 
 Females >65 years, % population 

 38,000,870 
 12.6 
 42.2:57.8 
 10.8 
 14.4 

 Race 
   White, alone 
   African Americans 
   Asian 
   Hispanics 

 80.8% 
 8.4% 
 3.2% 
 6.5% 

 Old age dependent 
 Marital status, now married 
 Education: high school or more 

 20.5% 
 53.4% 
 59.0% 

 Most common causes of death 
 Cancer, all sites 
 Cardiovascular disease 
 Cerebrovascular disease 

 Common comorbid conditions 
 Musculoskeletal disease 
 Heart disease 
 Hypertension 
 Diabetes mellitus 
 Hearing and vision impaired 

 Age 75 years and older in USA 
 Percentage of total population 
 Males >75 years, % population 
 Females >75 years, % population 

 6.1 
 4.7 
 7.4 

 Centenarians across the world 
 USA (Sept 2010) 
 Japan (Sept 2010) 
 China (2007) 
 France (Jan 2010) 
 England and Wales (2009) 
 Germany (2006) 
 Canada (2009) 
 Spain (Jan 2009) 
 Australia (June 2010) 

 70,490 
 44,449 
 17,800 
 15,459 
 11,600 
 8,839 
 5,981 
 5,891 
 3,700 
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The goals in care of the older adult with GI illness should 
be to respect the patient’s and caregiver’s wishes and keep the 
patient physically and psychologically comfortable. 
Quality of life consideration deserves importance. Early 
implementation of advance directives is a helpful approach; 
when directives are in place, it is the provider’s responsibility 
to make every effort to ful fi ll the patient’s wishes. A 
concept stated by a sixteenth century anonymous physi-
cian still makes sense: “to cure sometimes, to relieve often, 
to comfort always.”  

   Be Knowledgeable in Geriatrics, in Preparing 
for the Future 

 With the awareness of current aging trends and an antici-
pated ongoing shortage of geriatricians, it is relevant for 
gastroenterologists (and other specialists) to familiarize 
themselves broadly with aspects of geriatric medicine and 
care of the elderly; at medical schools there is a real need 
for geriatricians to provide geriatrics educational compo-
nent  [  11  ] ; the specialists would also need to bear some of 
the burden. The Institute of Medicine has recommended 
that all physicians develop competency in geriatrics to pre-
pare for the population changes; several specialties have 
drafted a roadmap for this training, because “these are the 
people who are going to care of older adults”  [  12  ] . The 
American Gastroenterological Association has come out 
with a position paper in this regard addressing the research 
and guidelines of care recommended, with emphasis on 
speci fi c issues relevant to the aging GI tract  [  4  ] . Incorporation 
of assessment of function and cognition into routine GI 
practice involving geriatric patients is one “out of the box” 
inclusion  [  4  ] .  

   Collaboration Between Geriatrician 
and Gastroenterologist 

 The wide array of diseases, medication effects, and presenta-
tions involving the GI system in the geriatric age group are 
suf fi cient reasons for a geriatrician to work in collaboration 
with a gastroenterologist. Despite the recognition that pri-
mary care physicians and specialist communication is impor-
tant in clinical care, a recent study found only two of three 
primary physicians and four of  fi ve specialists communicate 
patient information always or most of the time; adequate visit 
time with patients and quality reports for chronic disorders 
are positive associations  [  13,   14  ] . A recent study in patients 
over age 70 with positive fecal occult blood test suggested 
that there was failure of adequate follow-up, suggesting that 
efforts must improve for the entire chain of decision-making, 

including screening and follow-up  [  15  ] . Finally, it is essential 
to determine early in the course of illness whether the patient 
has capacity to make informed decisions, understand the 
options, and choose appropriately based on the costs, risks, 
and bene fi ts to that individual  [  16  ] . 

 The older age group typically bears the burden of chronic 
disease. Gastrointestinal illness in the geriatric age group 
offers tremendous opportunity to the primary care physician 
or geriatrician to satisfactorily provide solutions to the patient 
in consultation with the gastroenterologist. 

  Key Points 

    Population trends point to an aging population with • 
multiple chronic illnesses, functional decline, and impaired 
cognition as associations.  
  Providers should gain background knowledge in basic • 
geriatric medicine to cope with these older patients  [  18  ] .  
  Gastrointestinal illness is common in geriatric patients, • 
with the typical older adult manifesting additional chronic 
diseases.  
  Adverse drug effects are common in the old with several • 
presenting as GI manifestations.  
  Physiological age must be prioritized over chronological • 
age in decision-making, with attention paid to quality of 
life and functional status.  
  Communication between primary care physician and gas-• 
troenterologist is essential to ensure patient satisfaction 
and favorable outcomes.  
  Providers must address the full chain of decision-making, • 
from screening, to management and follow-up.          
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 Demographic change in the last few decades, showing a 
shift in the United States and elsewhere toward an older age 
distribution, is multifactorial. Contributory factors include 
substantial scienti fi c advances in preventive and curative 
medicine, improved sanitation and water supply, and 
enhanced food production  [  1,   2  ] . The concurrent decline in 
both fertility and mortality, and the consequent increase in 
the percentage of the older adults (a term preferentially used 
in the book instead of the “elderly”), is a prominent global 
trend. In the USA the percentage of adults aged 65 and over 
has increased from 4% in 1900 to about 13% at present. By 
1998 the number of older adults accounted for 34 million of 
the US population, a number estimated to grow to 50 million 
by 2020. Nineteen of the 20 world’s “oldest countries” are in 
Europe. Even many of the so-called Third World countries—
such as India, China, and Latin America—are demonstrat-
ing similar trends. This “graying” of the population has 
brought with it a number of economic and social challenges, 
including alarming  fi nancial pressures to meet health care 
needs. Aging of the population is hence a mixed blessing 
with challenges that will undoubtedly continue. 

 The demographic shift has also resulted in substantial 
changes in the incidence and prevalence of diseases, and in their 
associated morbidity and mortality. Among the many systemic 
disorders, the gastrointestinal tract warrants special attention. 

 With the burden of gastrointestinal disorders in the older 
population, and, with patients expecting improved quality of 
life, thoughtful and cost effective care is clearly warranted. 
The World Health Organization (WHO) has published Data 
measured by disability adjusted life years (DALY) for all 

ages, including those 60 and older, for select gastrointestinal 
disorders for several countries  [  3–  5  ] . 

 Because of the high prevalence of cerebrovascular dis-
ease, Parkinson’s disease, and Alzheimer’s disease among 
the elderly, oropharyngeal or transfer dysphagia is a more 
commonly encountered esophageal disorder than esophageal 
cancer. When polypharmacy is superimposed on functional 
decline in the elderly, pill esophagitis and esophageal stric-
tures occur more often. 

 PUD has shown a considerable decline in the past few 
decades. Currently more cases are secondary to NSAID use 
and fewer are secondary to  Helicobacter pylori . More than 
80% of the deaths from bleeding PUD in the USA occur in 
those 65 and older. NSAID-induced PUD is often painless, 
occurs more often in women, and may be associated with 
severe underlying anemia and massive upper gastric intestinal 
bleeding  [  6  ] . 

 Although the proton pump inhibitors (PPI) are unques-
tionably a major therapeutic advance in the treatment of 
acid-related disorders, their panacea-like over-use has 
resulted in an increase in the incidence of  Clostridium 
dif fi cile  colitis, bacterial pneumonia, vitamin B12, iron and 
calcium malabsorption, diarrheal disorders, osteoporosis 
with fractures, and acute interstitial nephritis  [  7  ] . 

 Small bowel disorders, including malabsorption of fat 
and B12 secondary to bacterial overgrowth (blind loop 
syndrome), are common but seldom diagnosed. Celiac dis-
ease, considered a pediatric problem until recently, is 
increasingly diagnosed for the  fi rst time in the older adults 
 [  8  ] . We are increasingly aware that anemia in the elderly 
may be a vexing diagnostic challenge. Once considered 
the “black box” of the gut, wireless capsule endoscopy has 
opened a window of opportunity to visualize the entire 
small bowel  [  9  ] . 

 Constipation is extremely common in the elderly. The 
symptoms may be chronic, recalcitrant, and debilitating  [  10  ] . 
The dollars spent on laxatives exceed $400 million annually. 
Fecal impaction and incontinence, which bring patients 
repeatedly to the emergency rooms, lead to hospitalizations, 
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nosocomial infections, and both invasive and expensive diag-
nostic procedures. 

 Diverticular disease increases in prevalence with age  [  11  ] . 
In many western countries more than half the population 
may have the disorder. Although often silent, diverticular 
disease  [  12  ]  is the single most common cause for hospitalization 
in patients aged 75 and over  [  5  ] . 

 In fl ammatory bowel disorders (IBD), Crohn’s as well as 
ulcerative colitis, have a dual peak of onset. This late onset 
peak creates diagnostic and therapeutic dilemma, as isch-
emic bowel disorders, lymphocytic or collagenous colitis, 
drug-induced colitis and infectious colitis are all part of the 
differential diagnosis. The increased incidence of 
 Clostridium -associated colitis with the newly detected viru-
lent form (Quebec Strain) has posed an epidemiological 
problem in the institutionalized as well as free living elderly 
 [  13,   14  ] . 

 Gastrointestinal bleeding, upper more than lower, can be 
life-threatening. Its incidence is attributed to greater use of 
NSAIDs for pain in the aged. Estimates suggest that 35–45% 
of all patients presenting with upper gastrointestinal bleed-
ing are over the age of 60  [  15–  17  ] . A greater than 200-fold 
increased incidence of LGI bleeding occurs as the age 
advances from the third to the ninth decade of life  [  18  ] , 
based on an increased incidence of diverticular disease, 
colonic neoplasm, angiodysplasia, and ischemic colitis. 
Advances in diagnostic and therapeutic endoscopy have 
undoubtedly helped better manage gastrointestinal bleeding 
 [  19–  21  ] . 

 Hospital admissions with the principal diagnosis of chole-
cystitis increase sharply with age. Although generally more 
common in women, after age 75 the gender difference disap-
pears  [  22  ] . Older adults may present atypically and/or with 
complications, such as acute cholecystitis, cholangitis, gall 
bladder perforation, gangrene, emphysematous cholecystitis, 
and gallstone pancreatitis. 

 Benign and malignant diseases of the pancreas pose seri-
ous threat to the geriatric patient, with older age in itself a 
prognostic marker for serious outcome  [  23  ] . Chronic alco-
holic pancreatitis is rare in the geriatric age group, but idio-
pathic chronic pancreatitis of late onset (“senile pancreatitis”) 
is a cause of pancreatic insuf fi ciency. The risk for pancreatic 
malignancy dramatically increases with age with a median 
age of 72 at the time of diagnosis. 

 Chronic liver disease linked to alcohol abuse is seldom 
seen. On the other hand, other chronic liver diseases includ-
ing hepatitis C, cryptogenic cirrhosis, nonalcoholic fatty liver 
disease, and malignant liver disease (primary and metastatic) 
are frequent. 

 Liver transplantation, once considered exclusively an option 
for the young is currently offered to the older adult. Transplant 
recipients over the age of 60 have the same postoperative 

mortality rate and life expectancy as those younger. Older 
recipients of liver transplants enjoy a quality of life similar to 
the younger recipients  [  23  ] . 

 The gastrointestinal problems in the geriatric patient 
should not be dismissed as a problem of aging. Clinicians 
must become familiar with the epidemiology of common 
gastrointestinal problems in the elderly. Proper diagnosis and 
management demand an understanding of the interplay of 
comorbidity, gastrointestinal side effects of medications, 
impact of expensive and invasive diagnostic tests, and above 
all an understanding of the special needs and quality of life 
measures of the geriatric patient.     
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 “Dif fi cult to see.... always in motion, is the future”: famous 
words by the Jedi Master Yoda to Luke Skywalker. In one 
sense, it is not dif fi cult to predict some general trends in 
practice for generalists or specialists based on current 
efforts—electronic medical records will likely be the stan-
dard documentation mode, new drugs and procedures will be 
developed, and the average patient will be more complex to 
manage…and older. Position papers/statements have high-
lighted new noninvasive testing for disease, such as colon 
cancer screening using stool DNA, which might supersede 
many procedures currently used for health screening  [  1  ] . 
Often the assumption is that the population being screened is 
relatively healthy (and relatively young), and are satis fi ed 
with medical care delivered by computer interaction. The 
majority of medical visits and healthcare costs are incurred 
by patients over age 65 who have preexisting chronic comor-
bidities that require management—this model may improve 
management of those patients, but there is no data yet that it 
works in that population. This section will focus on implica-
tions of treating an aging population, and attempt to predict 
issues that may be relevant for future practice. 

 There are important differences in the way that older 
patients present to physicians, due to a combination of 
changes in physiology that come with aging, and the burden 
of chronic disease. In the 2005 AGA Future Trends 
Committee Task Force on the effect of aging of the popula-
tion on gastroenterology practice, education, and research 
 [  2  ] , we included “out of the box” sections such as one advo-
cating inclusion of assessment of physical function and cog-
nition into routine GI assessments of geriatric patients, based 
on the high prevalence of impaired cognition and mobility in 
this population. Impairment in a patient’s ability to perform 

Activities of Daily Living (ADLs), is more predictive of 
health outcome and subsequent mortality than any single 
disease entity  [  3,   4  ] , and many medical centers are incorpo-
rating functional assessment into their electronic medical 
record as a resource for physicians to use when deciding 
when, how, and who to treat. This data has been available for 
some time in paper-based charting by nurses and physical 
therapists, but lack of access to the paper record makes use 
by other practitioners dif fi cult. This is about to change, as the 
recently passed Patient Protection and Affordable Care Act 
 [  5  ]  mandates implementation of electronic medical records 
by all practitioners. Practices can use this opportunity to 
incorporate information about a patient’s physical function, 
social support, and proxy decision makers for medical care 
into their records. A model for obtaining this information are 
the screening surveys used by geriatricians for new patients, 
and those who have had a signi fi cant change in their health 
status such as recent hospitalization, subacute rehabilitation 
in a nursing facility to capture this data. The data can be col-
lected by a nurse, a social worker or other paramedical staff, 
as a high level of specialized knowledge is not required. 

 At this stage it is important to highlight some other ways 
that an electronic medical record could impact future prac-
tice. The current generation of patients entering their sixth 
and seventh decades of life most likely have been using elec-
tronic devices such as smart phones and computers as a ubiq-
uitous adjunct to daily life. This creates a speci fi c type of 
behavior. Any question or uncertainty can be immediately 
searched, and sources of information that provide immediate 
answers are used to aid decision-making, While teachers 
may lament the use of Wikipedia by students, it is not a “bad” 
thing to use a rapid reference if the user has some ability to 
critically evaluate the source of the information. Patients 
look up their diagnoses and treatment on the Web, therefore 
many centers have developed resource centers for patients. 
I  fi nd it useful to endorse web searching by patients, and 
suggest that they use the Centers for Disease Control and 
Prevention website (  http://www.cdc.gov    ) or National Institute 
of Health (  http://health.nih.gov/category/SeniorsHealth    ) as 
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alternative well-researched external sites. If you have mate-
rial published on the web, your patients may actually be able 
to read it directly (this rarely used to happen unless your 
patient was another physician or medical provider with 
access to printed medical journals). 

 Another trend that is rapidly increasing is the use of qual-
ity indicators to identify disease risk, and monitor attempts 
to treat. Controlled trials have provided evidence of better 
outcomes with monitoring of parameters such as low density 
lipoprotein (LDL) and hemoglobin A1C (HbA1c), however 
objective evidence of improved outcomes at the population 
level in actual use has been lagging behind. Mandated 
reminder systems and monitoring are in place in many insti-
tutions, however the onus is on the medical practice to man-
age the data. In the future, it may be possible (or even 
essential) to have patients collaborate with their monitor-
ing—assuming that patients agree that the outcome of the 
monitoring justi fi es the impact on their lifestyle. This raises 
an interesting philosophical question of how much medical 
interference in private life is acceptable, and the answer is 
often highly politically charged. 

 As geriatric patients enter the “middle-old” age range of 
75–85 years, the functional reserve of physiologic systems 
decreases and patients are more vulnerable to perturbations 
of normal function by disease and iatrogenic causes  [  2  ] . A 
common scenario is resuscitation of a dehydrated 85-year-
old patient with intravenous  fl uids at “standard  fl ow rates,” 
only to have them develop pulmonary edema, require diure-
sis which then causes renal impairment that requires more 
intravenous  fl uids…and so on. This decrease in physiologic 
reserve (“homeostenosis”) requires modi fi cation of the 
“usual” approach to treatment  [  6  ] . Testing of treatments and 
drugs in younger patients that do not have the comorbidities 
and age-related decline in organ function of geriatric patients 
may be the explanation for “unexpected” complications and 
increased post-market drug-related adverse events in older 
patients. Instituting periodic review of protocols or rote 
orders that may be used on geriatric-aged patients, to iden-
tify potential problems will likely reap the bene fi ts in patient-
centered quality surveys, and in teaching of residents and 
gastroenterology fellows. 

 Another issue that will impact future practice is the 
increased prevalence of dementia in patients over age 75, as 
the impact of dementia on outcomes, institutionalization, and 
caregiver workload has been estimated to be $100 billion dol-
lars annually  [  7  ] . Gastroenterologists should be aware of 
impaired cognition as a potential barrier to care and incorpo-
rate screening or results of screening into their care. In some 
cases the minimal additional work to identify cognitive 
impairment might even minimize the risk of future litigation. 

 The increasing economic pressure to “ration care” to those 
deemed most likely to bene fi t will impact practice in the next 
10–20 years. While most people agree in principal that  fi nite 
resources have to be used ef fi ciently, applying this to a speci fi c 

patient is dif fi cult. Prior generations of older patients may have 
been more fatalistic about outcomes (possibly due to attitudes 
formed when young), but the “Baby Boom” generation is less 
likely to accept limits on their choice of care. Having a per-
ceived “younger” age may actually improve patient’s ability to 
cope with illness  [  8  ] . Response to standard treatment of many 
conditions (depression, constipation, peptic ulcer disease) 
appears to be very comparable between young and old patients 
if the latter have no serious comorbidities limit lifespan (such 
as the end stages of conditions such as dementia, congestive 
heart failure (CHF), chronic obstructive pulmonary disease 
(COPD), cancer, or severe impairment in ADLs). Utilizing 
functional data such as ADLs and life tables provides prognos-
tic information that can allow you to predict whether the risk 
of intervention outweighs bene fi t for your older patient. 
A recent case-based article in JAMA demonstrates the use of 
this information  [  9  ]  to decide whether colon cancer screening 
or other health maintenance screening should be performed in 
this 83-year-old man. The same data can be used to assist in 
decisions about performing invasive procedures with signi fi cant 
risk in geriatric patients, such as feeding tube insertion. 

 Recent discussions about the future of large-scale govern-
ment plans such as Medicare and Medicaid have highlighted 
economic pressures on health care systems. Different venues 
of care (“home health care” vs. “of fi ce-based”) have been 
suggested  [  10  ] ; however, the home care model is unlikely to 
be practical for a proceduralists such as gastroenterologists. 
To save costs, there may be a strong push to increase use of 
physician “extenders” such as physician assistants (PAs) and 
nurse practitioners (NPs) in primary care and specialties 
 [  11  ] . This may cause problems as current reimbursement 
appears to be too low to keep most specialty and primary 
practices viable. The new health care legislation also pro-
poses formation of global capitated medical associations 
(Associated Care Organizations (ACOs)) that are reminis-
cent of HMOs (Health Maintenance Organizations), how-
ever the salient difference between HMOs and ACOs is that 
the ACO structure is, in principal, physician-driven rather 
than insurer-driven. An ACO is a practice alliance/conglom-
eration of primary and specialty providers who agree to treat 
patients for “episodes of care” that generate a lump sum pay-
ment from insurers. The physicians and other providers 
divide the payment amongst themselves in whatever way 
they have agreed internally. This model addresses the major 
problem facing politicians, namely the inability to success-
fully lower specialist rates of reimbursement and overall 
costs. The ACO model puts the onus on physicians groups to 
lower costs, and in theory might give primary care physi-
cians a much more powerful base from which to negotiate 
favorable terms. The main uncertainty is which parts of the 
bill will survive beyond the next election, as there has been 
considerable opposition. Hopefully there will be more pub-
lic input into any new plan, which will be critical for public 
acceptance. 



133 Geriatric Gastroenterology: Future Trends

 Finally, there is concern among physicians that the profes-
sion is evolving from a self-regulated business to an employee 
business model—a position that was articulated over 25 years 
ago at a lecture at the University of North Carolina School of 
Medicine by Dr. Arnold Relman, the then editor of the New 
England Journal of Medicine  [  12  ] . It may be inevitable, given 
the economic and societal pressures currently in play, however 
it will be interesting to see how this affects future recruitment 
into medicine and the various specialties. A proactive approach 
by specialists and generalists to provide appropriate and 
thoughtful care of the elderly will be essential to cope with future 
needs of our geriatric patients and practice requirements.     
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 The chapter provides an overview of basic physiological and 
morphological changes with aging. Primary care physicians 
and gastroenterologists are likely to bene fi t from knowledge 
of changes that occur with normal aging and the distinction of 
physiological alterations from disease. Information pertinent 
to aging physiology is helpful in the appropriate and individu-
alized evaluation and management of older adults. Changes 
in the gastrointestinal system are detailed in another chapter. 

   Life Expectancy and Life Span 

 Life expectancy refers to the number of years an individual 
is anticipated to live following a certain reference age. The 
life expectancy at birth for females and males in the United 
States is 80.6 and 75.7 years respectively (including all 
races), and is higher for whites than blacks  [  1  ] . Life expec-
tancy has a low of nearly 32 years in Swaziland and a high 
of 82.6 years in Japan  [  2  ] . The life expectancy in humans at 
birth has progressively increased. Statistically signi fi cant 
decline in mortality has been registered from 2008 to 2009 
for age groups over 55 years; the decrease is 0.9% for those 
55–64 years, 3.4% for 65–74 years, and 4.9% for 75–84 
years  [  1  ] . Hence, the older old are living longer and con-
tribute to the highest growth. However, as expected, the 
over 65 year group has the highest emergency room visits, 
hospitalization rates and prescription drug use based on the 
Center for Disease Control 2010 data. The United States 
also has the highest health care expenditure in the world, 
largely for the older age group. 

 In most countries, and at all ages, women have a lower 
mortality rate and outlive the men. The rule is true in practi-
cally all mammals. The precise reason is not clear, and may 
be a result of several factors including disease patterns, 
lifestyle, genetics, environment, impact of accidents, and 
more. Most centenarians are females. Japan has the highest 
ratio of centenarians to total population, at 347 per million 
inhabitants , but the United States has the highest number of 
centenarians in the world, with 70,490 in 2010  [  3  ] . 

 Maximum life span refers to the maximum number of 
years an individual lives from birth to death in a certain pop-
ulation; the term has been used for the longest living 10% in 
a cohort  [  4  ] . The longest living recorded human, a French 
woman (Jeanne Calment) lived to 122 years. 

 Mortality in developed countries of the world mainly 
occurs from heart disease, cancer, and stroke in order, fol-
lowed by chronic lung disease and injuries (intentional and 
unintentional  [  5  ] ). Heart disease related mortality has 
declined more rapidly in the United States than in other 
countries. Increase in longevity may be attributable to sev-
eral factors, including better health care especially for coro-
nary artery disease, availability of medications, preventive 
measures, and public health measures including smoking 
cessation and improved sanitation. 

 Aging refers to a gradual and progressive decline in cell or 
tissue structure and function, with resultant loss of homeosta-
sis or reserves, or homeostenosis. Aging is  associated with 
physiological decline in most organs or systems, along with 
the presence of pathology, disability and dissatisfaction, with 
some elders compensating well and others poorly  [  6–  12  ] .  

   Theories of Aging 

 Several theories address the theme of aging, although none 
offer a full, clear explanation. Overall, the view is that genes 
are preprogrammed to control the course of cell proliferation 
and death. An alternative concept involves the impact of 
exogenous factors that cause damage to DNA, mitochondria 
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or telomeres, errors in RNA and protein synthesis, genetic 
abnormalities, accumulation of reactive or toxic free radicals, 
loss of hormonal function, immunosenescence, and  others 
 [  8  ] . A family of antiaging genes, the sirtuins, may control 
pathways that increase life span and in fl uence aging  [  13  ] . 
Caloric restriction with provision of essential nutrients has 
prolonged life in several animal species, but has not been 
practical for a prolonged study in humans  [  14,   15  ] . 

 Chronological age denotes the time elapsed since birth or 
actual age of an individual; biological age represents the age 
based on physiological development and in fl uence of health. 
Chronological age does not necessarily match biological 
age. One can live a prolonged life and maintain good health, 
cognition and a relatively young appearance. In a Danish 
study, a large proportion of the remaining life time in people 
between 92 and 100 was spent in good health, with physical 
independence and normal cognition  [  16  ] . 

 Aging changes are universal, decremental, and progres-
sive  [  10  ] . The general rule is a decline in organ function (or 
most systems) of about 1% each year after the third decade 
 [  10  ] . Subclinical functional decline results in loss of reserves 
or homeostenosis and impairs maximal performance  [  12  ] . 
However, in most studies, the in fl uence of subtle disease can-
not be effectively excluded. Dramatic decline in function is 
unlikely to be age related, and likely from disease. 

 At the other end of aging is “frailty,” a common biological 
syndrome characterized by decreased reserves in multiple 
organ systems due to the combined effects of disease, inactiv-
ity, stress, poor nutritional intake, and altered physiology  [  17  ] . 
Although common, with a prevalence ranging from 5 to 58%, 
a clear consensus de fi nition is not available  [  18  ] . One diagno-
sis requires three of the following characteristics: decreased 
walk time (using a 15-foot walk test), decreased grip strength, 
decreased physical activity, exhaustion, and over 10 lb or 5% 
weight loss in the last year  [  19  ] . Frailty is not inevitable in the 
old. Its presence is associated with falls, institutionalization, 
and mortality  [  17  ] . Frailty can be delayed or reversed in some 
by appropriate measures, most notably exercise  [  17  ] . 

   Clinical Impact 

 Determining life expectancy has relevance in practice. 
Judgment is often called when assessing if a patient will live 
long enough to bene fi t from a certain intervention. A life 
expectancy less than 6 months may draw consideration for 
hospice; imminent death may require the family to prepare 
and visit the patient  [  20  ] . Healthy living (and better life 
expectancy) is summed up by adherence to four lifestyle fac-
tors: never smoking, keeping the body mass index below 30, 
adherence to dietary principles (high intake of fruits, vegeta-
bles, and whole grains, with low meat), and performing 
3.5 h/week or more physical activity  [  21  ]  (Table  4.1 ).    

   Gait and Balance 

 Gait changes with age are particularly apparent after the sev-
enth decade  [  22  ] . Gait depends on maintenance of normal 
neurological, musculoskeletal, autonomic, vascular, and car-
diorespiratory function  [  22,   23  ] . The term “senile” gait in 
reality represents a gait disorder due to subclinical disease 
 [  23  ] . Gait slows by about 12–16% per decade with age  [  22  ] . 
A young adult or unimpaired person has a gait speed of 1.2–
1.5 m/s; an older person’s gait ranges from 0.9 to 1.3 m/s; an 
impaired person’s gait may be <0.6 m/s. The classic older 
gait is slow, with more time spent in stance. Stride length is 
shorter, as is arm swing, with both feet on the ground for a 
longer period of time. There is slightly more knee and hip 
 fl exion (due to pelvic tilt), contributing a stooped posture. 
The older gait may mimic that of Parkinson’s disease. In a 
study of people 50–96 years, the Baltimore Longitudinal 
Study of Aging found that women have greater ankle range 
of motion, while men exhibit greater hip range of motion 
 [  24  ] . In fl ammatory markers such as IL-6 have been associ-
ated with gait speed decline in community seniors  [  25  ] . Gait 
abnormality also predicts dementia  [  23  ] . A nonlinear rela-
tionship is noted between gait speed and falls; a greater risk 
of outdoor falls is seen in faster walkers and greater risk of 
indoor falls in slow walkers  [  26  ] . 

 Balance is the ability to control upright posture and 
maintain stability. With age, a larger base support is neces-
sary to maintain balance. Sway increases with age and is 
exaggerated with illness (e.g., cerebellar or posterior col-
umn disease) or under the in fl uence of certain medica-
tions. Gait and balance is tested by tandem walking, the 
Berg Balance scale, “functional reach test,” Timed Up and 
Go Test (TUG), Performance Oriented Balance and 
Mobility Assessment (POMA), gait speed, one legged 
stance, and other means  [  27  ] . Only about 20% community 
dwelling oldest old can perform tandem walking without 
dif fi culty  [  23  ] . 

   Table 4.1    Features of aging   

 Life expectancy is on the increase worldwide 
 Life expectancy is higher in females, a fact true in practically all 
mammalian species 
 Chronological and biological age do not necessarily match 
 Physiological changes of aging seldom cause manifestations 
 A decline in function by 1% per year occurs after the third decade in 
most systems 
 Pathological disorders need to be distinguished from physiological 
changes 
 Multiple comorbid processes, many silent, are often present in older 
adults 
 Atypical presentations of disease are common 
 Successful aging may result from an interplay of several factors 
including genetics, environmental in fl uences, and a healthy lifestyle 
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   Clinical Impact 

 Gait and balance disorders are common in the old. The older 
gait must be distinguished from several disorders in the geri-
atric age group. The most common diagnoses associated with 
an abnormal gait are osteoarthritis, dementia, spinal disease, 
vertigo, and neurological disorders (e.g., hemiplegia, 
Parkinson’s disease, normal pressure hydrocephalus) and fol-
lowing orthopedic surgery. Abnormal gait is a predictor of 
falls and injuries, and ultimately interferes with function and 
quality of life. A lot can be learned from merely observing the 
patient’s gait as the person walks into the examination room.   

   Skin and Hair 

 The skin is the largest organ in the body and subject to sys-
temic and environmental insults throughout life  [  28  ] . 

   Morphology and Physiology 

 Many cell lines responsible for dermal functions decline with 
age; they include  fi broblasts, mast cells, immune (Langerhans) 
cells, melanocytes, as well as sweat and sebaceous glands. 
Dermal functions affected include cell replacement, barrier 
protection, water proo fi ng, immune response, wound healing, 
thermoregulation, sweat and sebum production, and vitamin 
D synthesis  [  29  ] . Dermal changes with age are mostly from 
photoaging, also known as extrinsic aging. Photoaging is the 
consequence of exposure to ultraviolet light, pollution, and 
smoking; it is cumulative, involves exposed areas (face, neck, 
arms) and is less prominent in darker persons  [  30  ] . Photoaging 
accounts for about 80% of extrinsic aging, including wrin-
kling, pigmentation, telangiectasia, and purpura, and follows 
exposure to both UVA and UVB rays  [  31  ] . This is in contrast 
to intrinsic aging, which is characterized by atrophy, thin 
transparent skin, loss of elasticity, loss of underlying fat, and 
 fi ne wrinkles  [  32  ] . Dry skin or xerosis is common in the old, 
but not a sequel of normal aging  [  33  ] . 

 Graying of hair is the most recognizable early sign of 
aging  [  34  ] . Graying occurs in both genders but varies among 
people, with Caucasians having earlier onset of graying com-
pared to African Americans. Half the hair on average turns 
gray in half of Caucasians by age 50  [  34  ] . Hair loss is univer-
sal with age, but varies with race. Hair growth goes through 
anogen (growth), catagen (involution), and telogen (rest) 
phases. At a given time, most hair is in the anogen (>90%) 
and least in catagen (<1%) phase; alterations with aging 
cause growth decline due to shift towards catagen  [  34  ] . Hair 
density is highest in the  fi rst few years of life and drops 
signi fi cantly even by the third decade. Loss occurs earlier in 
the scalp followed by the eyebrows, axilla, and pubis  [  35  ] . 

A Copenhagen study demonstrated lower mortality in males 
without gray hair  [  36  ] . Like hair, nail growth also declines 
with age.  

   Clinical Impact 

 Photoaging is linked to development of precancerous and 
malignant skin neoplasms  [  31  ] . Impaired dermal vitamin D 
synthesis contributes to de fi ciency. Smoking status in fl uences 
visible skin aging  [  37  ] . Xerosis predisposes to pruritus and 
infections, and is addressed by increasing ambient humidity, 
modifying bathing schedules, increasing  fl uid intake, limiting 
sun exposure, and using of emollients and moisturizers  [  33,   38, 
  39  ] . In postprocedural patients, sutures may need to stay longer 
to allow for wound healing. Nail infections must be treated for 
longer periods, especially onychomycosis  [  29  ]  (Table  4.2 ).    

   Anthropometrics and Body Composition 

 Physiological changes and age of onset in body composition 
are variable, and additionally in fl uenced by gender, indepen-
dent of physical activity and hormones  [  40,   41  ] . 

 Height increases gradually from birth and stabilizes 
around the fourth decade. The gradual height loss with age 
results from spinal changes (thinning of vertebral discs from 
loss of water and decline in vertebral body height), mild 
 fl attening of the arch of the foot, and increased  fl exion at the 

   Table 4.2    Skin and aging   

 Skin structure and function decline observed in: 
 Sweat and sebaceous gland activity 
 Immune response (Langerhan cells) 
 Fibroblasts 
 Mast cells 
 Melanocytes (melanin production) 
 Elastic  fi bers (elasticity and turgor) 
 Subcutaneous fat 
 Dermal capacity for vitamin D synthesis 

 Hair and nails 
 Gradual decline in hair density 
 Graying of hair, with differences by race 
 Coarser texture of hair around the ears, upper lips, and eyebrows 
 Decline in rate of nail growth 

 Clinical impact 
 Dry skin with tendency to pruritus and skin injuries 
 Slower healing, including surgical wounds 
 Higher proneness to infections 
 Nail infections need to be treated for longer periods 
 Most visible changes from photoaging can be modi fi ed 
  Photoaging due to UV light exposure is associated with 
 development of skin neoplasms 
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hip and knee joints. Vertebral fractures and kyphosis cause a 
greater decline in height. The arm span is one measure that 
remains constant through the years  [  6  ] . 

 Weight is in fl uenced by several factors. Although bone 
loss should cause weight decline, weight is more a re fl ection 
of lifestyle, in particular physical activity and caloric intake, 
and the in fl uence of disease. In Western society, weight typi-
cally increases until around 50 years of age in men and there-
after declines, with similar patterns in women till about age 
60  [  6  ] . In active elderly women who engage in physical 
activity, body weight has been regarded as a reliable, low-
cost indicator of fat-free mass  [  42  ] . 

 In young and middle age adults, body water takes up 
about 60% of body weight. With age, a decline in body water 
occurs, with the water compartment closer to 50% of body 
weight. Increased insensible water loss through the skin and 
respiration increases with age, another component to age-
related dehydration  [  43  ] . Lean body mass is body weight 
minus fat and includes muscle, bone, and nonfatty tissue. In 
health, an adult male’s body has 6–24% fat while a female 
has 14–31% fat. The fat compartment increases through life 
to about 30% of body weight by the seventh decade; the lipid 
compartment is even larger in women. Even if the total 
weight is unchanged, there is a relative decrease in water and 
increase in the fat compartments. Fat tends to be centrally 
deposited and abdominal obesity becomes apparent. 

 Lean body mass may decline by as much as 40% between 
the third and eighth decade of life. CT scans of the diaphragm 
from the third to the eighth decade demonstrated no differ-
ence in muscle thickness with age, although diaphragmatic 
defects and pseudotumors appeared in older age  [  44  ] . Age-
related decline in muscle mass, or sarcopenia, predominantly 
involves type 2  fi bers. Sarcopenia is common over age 65 in 
men and women. Hand grip strength declines with age, but a 
greater loss of muscle strength occurs in the lower limbs. 
Efforts to slow the decline in muscle mass are achievable 
through appropriate nutrition and resistance training  [  45  ] . 

 Aging is associated with changes in bone remodeling  [  46  ] . 
Like muscle, bone mass declines after age 30 by about 1% in 
women and 0.7% in men. The loss accelerates in women to 
3–5% from estrogen loss in the postmenopausal period, the 
stage of most rapid bone loss in life. Eventually, the rate of 
bone loss decelerates to previous levels and equals that in 
men. In addition, alterations also occur with age in bone 
toughness due to increased nonenzymatic collagen cross-
linking which suppresses plasticity  [  47  ] . Men have less 
microstructural damage and less pronounced changes  [  48  ] . 

   Clinical Impact 

 Changes in body composition impact health  [  49  ] . A decline 
in body water increases the serum concentration of water-
soluble drugs (e.g., digoxin, diuretics, warfarin, aminoglyco-

sides, theophylline, etc.), enhancing their pharmacodynamic 
effects. The impact of alcohol is similarly enhanced by age, 
even more in women. Fluid administration must be judicious 
in older adults and requires awareness of differences in water 
distribution (in the intracellular, extracellular, and interstitial 
compartments). In addition, lipid-soluble drugs (e.g., benzo-
diazepines) are retained longer in fat stores, long after they 
are discontinued, with the potential for adverse effects on 
mind, gait, and balance. 

 Age-related sarcopenia can mask decline in renal function 
due to reductions in muscle derived creatinine. A decline in 
bone mass (osteopenia and osteoporosis) is typical with 
aging and may be modi fi ed favorably by altering lifestyle or 
use of medications such as bisphosphonates. Sarcopenia in 
association with an increase in abdominal fat impacts respi-
ratory function, causing a decline in FEV 

1
  and FVC, acceler-

ating age-related worsening of respiratory function  [  50  ] . The 
same changes in composition also contribute to insulin 
resistance.   

   Vital Signs 

 Age-related physiological changes in fl uence vital signs to 
some extent, but a far greater impact results from pathologi-
cal processes  [  51  ] . Stiffening of the vasculature with a high 
prevalence of systolic hypertension  [  52  ] , widening of pulse 
pressure  [  53  ] , dysregulated signaling with orthostatic 
hypotension  [  54  ] , and postprandial hypotension  [  55  ]  are 
common. 

 There is no appreciable change in the respiratory rate with 
normal aging; tachypnea or shallow breathing must raise 
concern about serious illness. Temperature measurements 
are fraught with interpretation dif fi culties in the old. 
Physiological changes in the skin, adipose layer, ability to 
sweat, volume status, sarcopenia, vascular response and 
immune system, coupled with the simultaneous presence of 
disease and drug effects combine to in fl uence thermoregula-
tion  [  51  ] . Poor thermoregulation results from reduced ability 
to maintain body heat, vulnerability to extremes of cold and 
heat, impaired ability to mount a febrile response, and dis-
rupted circadian rhythm. Thus, even with infection and bac-
teremia, a febrile response may not be evident in the old. 
Even low-grade fever or minimal deviations in temperature 
may indicate serious underlying illness. 

   Clinical Impact 

 Vital signs are typically affected by the presence of disease. 
Hypertension is associated with heart failure from diastolic 
dysfunction, but the correlation with “dyspnea” in this set-
ting may be poor  [  56  ] . Vascular aging is accelerated by coex-
isting risk factors such as hypertension, hyperlipidemia, 
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diabetes, and smoking  [  52  ] . Both hypo- and hyperthermia 
are common in older people and result from endocrine or 
infectious etiology or an adverse medication effect. 
Hypothermia may occur even in the absence of a cold envi-
ronment and heralds a poor outcome, with high mortality, 
particularly in men  [  57–  59  ] .   

   Vision and Hearing 

   Morphology and Physiology 

 Several age-related changes occur with vision. Adaptation to 
dark and light take longer; the delay in dark adaptation is 
accurate enough to correlate with a patient’s age  [  60  ] . 
Contrast sensitivity is blunted. The presence of cataracts 
scatters light, leading to glare, besides causing blue to be 
perceived as green due to photooxidation of the lens. The iris 
becomes more rigid, causing the pupillary reaction to light to 
become more sluggish. Floaters are increasingly common in 
the  fi eld of vision from condensation of vitreous gel. 
Diminished lacrimal secretion, ptosis from the weight of 
 fi brous tissue in the eyelids, and both entropian and ectropian 
are common with age. 

 Hearing impairment is a common cause of disability in 
the old  [  61  ] . Despite this, the prevalence of hearing aid use 
appears low  [  62  ] . However, the prevalence of hearing impair-
ment in those aged 65–74 years was lower in 1999–2006 
compared to 1959–1962  [  63  ] . The slight dominance of the 
right ear over the left in younger people is magni fi ed further 
in people over 80 years. 

 The most common age-related hearing impairment is 
presbycusis, a bilateral, sensorineural, symmetrical disorder 
with high frequency hearing loss. In contrast, unilateral hear-
ing loss and the presence of vertigo indicate that the disorder 
is not age-related, requiring meticulous evaluation of the 
ears, brain, vascular system and medication use. Other hear-
ing defects can involve the external, middle, and inner ear. 
Cerumen in the external ear tends to become drier and tena-
cious, with blockage from wax a common, reversible cause 
of hearing loss. The ossicles in the middle ear ossify and 
fuse, impairing conduction. The inner ear experiences loss of 
sensory hair cells in the organ of Corti, loss of cochlear neu-
rons, and thickening of the stria vascularis; a variable combi-
nation of these abnormalities predisposes to presbycusis. We 
need more data on the effect of age and noise exposure on 
high frequency hearing  [  64  ] .  

   Clinical Impact 

 Refractory errors are common as one becomes older, with 
presbyopia a universal problem that is easily corrected. 
Glaucoma, cataracts, macular degeneration, and diabetic 

retinopathy all cause signi fi cant visual impairment,  warranting 
and justifying periodic eye examination. Age is the most 
important risk factor for cataracts. The prevalence of glau-
coma in the old is high; the reasons for increased intraocular 
pressure and reduced out fl ow are not clear  [  65  ] . Glare may be 
irritating, but can be reduced through glare-free lighting or 
use of sunglasses. 

 Visually impaired elderly participate in society less than 
their peers; the  fi ndings are relevant since participation is an 
indicator of successful aging  [  66  ] . Impaired vision is among 
the most common treatable causes of accidents and falls. In 
fact, both visual and hearing impairment are associated with 
falls, poor outcomes, and impaired quality of life; gender 
does not in fl uence these outcomes  [  67  ] . 

 As with vision, hearing loss can be addressed through 
the use of hearing aids for most forms of hearing impair-
ment  [  63  ] . Patients, however, seldom acknowledge their 
hearing disability and even when diagnosed are reluctant 
to accept hearing aids  [  62  ] . The presence of hearing loss 
may result in an erroneous diagnosis of cognitive impair-
ment and even dementia. In fact, greater hearing loss has 
been associated with lower scores on cognitive testing, 
even raising the question whether hearing loss is a 
modi fi able risk factor or an early marker of cognitive 
decline  [  68  ] . The Baltimore Longitudinal Study has noted 
an independent association between hearing loss and 
lower scores for memory and executive function  [  69  ] . The 
contribution of adverse drug effects to hearing disability 
(e.g., aspirin, NSAIDs, diuretics, vancomycin, aminogly-
cosides, etc.) should be recognized. The consequences 
from hearing loss, health disorders and life satisfaction 
are closely related, emphasizing the role for audiological 
rehabilitation  [  70  ] .   

   Cardiovascular System 

 Cardiovascular changes are common with aging. These 
include myocardial and vascular stiffening, diminished func-
tion of the electrical conduction system, and decreased sen-
sitivity of the autonomic nervous system. All of these changes 
contribute to common cardiovascular conditions in older 
persons including heart failure with preserved ejection frac-
tion, systolic hypertension, chronotropic incompetence, and 
orthostasis. These age-related alterations and associated 
impacts are summarized in Table  4.3 . 

   Morphology and Physiology 

 Aging is associated with both structural and functional 
changes in the cardiac myocardium. Myocytes decline in 
number and are replaced with  fi brous tissue. The remaining 
myocytes hypertrophy and align in a more disorganized 
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manner  [  71  ] . Additionally, myocyte contraction is  prolonged 
due to alterations in intracellular calcium handling. As a 
result, a greater percentage of the cardiac cycle is spent in 
systole rather than diastole  [  72  ] . All of these changes 
increase ventricular stiffening and intraventricular diastolic 
pressures. 

 The cardiac conduction system similarly undergoes age-
related alterations. By age 75, almost 90 percent of sinoa-
trial node pacemaker cells have disappeared  [  73  ] . In part 
due to the loss of these cells, maximum achievable heart 
rate is reduced as is the heart rate response to stimulants 
including beta-agonists  [  74  ] . The most widely used formula 
describing maximal-achievable heart rate therefore shows 
signi fi cant interaction with age (HR 

max
  = 220 − age in years 

for males; 190 − (age in years × 0.8) for females). As with 
the loss of sinoatrial cells, degeneration of the more distal 
electrical conduction pathways is also frequent and results 
in varied forms of heart block and nonspeci fi c conduction 
disease. 

 The extracardiac vascular and autonomic systems also 
show signi fi cant morphologic and physiologic change. The 
vascular system becomes stiffer and less responsive to local 
metabolic needs. Central arteries demonstrate thickening of 
intimal, medial, and adventitial layers due to increased col-
lagen and smooth muscle content. These changes are com-
pounded by reduction in elastin, an important distensible 
element in the vessel intima and media  [  75  ] . In addition, 
endothelial dysfunction results in impaired blood  fl ow-
mediated vasodilation and increased vasoconstriction  [  76  ] . 
In part due to these vascular changes and multiple other 
in fl uences, the sensitivity of the autonomic nervous system 
declines with age. Carotid baroreceptor and beta-adrenergic 
receptor function are affected and less so alpha-adrenergic 
receptor response. Sympathetic activation is blunted and 
central vagal tone is enhanced  [  77  ] . As a result, the body’s 
ability to compensate for postural change deteriorates  [  78  ]  
(Table  4.3 ).   

   Clinical Impact 

 The structural and functional age-related changes described 
above contribute to common cardiovascular disorders and 
syndromes in older persons. Vascular and ventricular stiffen-
ing increases the prevalence of isolated systolic hyperten-
sion, hypertensive heart disease, and heart failure with 
preserved ejection fraction (CHFpEF). Over half the persons 
older than 60 years and three-quarters of adults over 75 years 
have systolic hypertension, and the majority of older persons 
with heart failure have CHFpEF  [  79,   80  ] . 

 Similarly, the combination of conduction system degen-
eration and autonomic dysfunction increases the prevalence 
of symptomatic sick sinus syndrome, atrioventricular block, 
chronotropic incompetence, and orthostasis. Both sick 
sinus syndrome and atrioventricular block may manifest as 
syncope and dif fi culties with rate control in atrial 
 fi brillation—a pacemaker may therefore be required. 
Chronotropic incompetence may manifest as exercise intol-
erance and functional impairment; older persons are less 
able to augment stroke volume and therefore rely to a 
greater extent on heart rate increases to meet metabolic 
needs in situations of stress. Beta-blockade or use of cal-
cium channel blockers can further worsen this symptoma-
tology. Finally, orthostasis may result in falls, especially in 
the setting of polypharmacy. When both chronotropic 
incompetence and autonomic dysfunction are present, fall 
risk is especially magni fi ed.   

   Respiratory System 

   Morphology and Physiology 

 Changes occur with age in the structure of almost every 
 component of the respiratory system  [  81,   82  ] . The thoracic 
rib cage compliance is diminished as a result of calci fi cation 

   Table 4.3    Cardiovascular changes with aging   

 Cardiovascular system component  Age-related change  Clinical impact 

 Myocardium  Myocyte loss and hypertrophy  Heart failure with preserved ejection fraction 
 Myocardial  fi brosis 
 Alteration in calcium handling 

 Electrical conduction system  Loss of sinoatrial node pacemaker cells  Sinus node dysfunction 
 Decreased maximum heart rate  Chronotropic incompetence 
 Decreased heart rate response to beta-agonists 

 Vascular system  Thickening and stiffening of central arteries  Systolic hypertension 
 Endothelial dysfunction 

 Autonomic nervous system  Decreased baroreceptor sensitivity  Orthostasis 
 Decreased alpha-adrenergic and 
beta- adrenergic sensitivity 
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of the costal cartilage and costochondral junctions and 
 degenerative disease of the spine with or without kyphosis 
 [  82  ] . The changes alter the shape of the rib cage and increase 
the anteroposterior diameter. In contrast, the lung loses elas-
tic recoil and becomes more compliant  [  83  ] . The pulmonary 
vasculature becomes stiffer, with increase in resistance. The 
alveolar size increases due to reduce elastic lung recoil. 
Respiratory muscle performance weakens and along with the 
stiffer chest wall results in an increase in residual volume. 
The decline in muscle strength does not spare the diaphragm; 
an older adult’s diaphragmatic contractions are feebler than 
those of a young adult  [  83  ] . Despite these changes, there is 
no impact on breathing patterns or gas exchange to a 
signi fi cant degree  [  84  ] . 

 The decline in PaO 
2
  with age can be determined by using 

either of the following formulae: PaO 
2
  = 100 − (age in years/3) 

 or  110 − (age in years × 0.4). The A-a gradient which increases 
with age can be calculated from the formula: (age/4) + 4. The 
small decrease in oxygenation with aging does not get much 
worse beyond 70 years  [  85  ] . The  p CO 

2
  and pH remain normal. 

Any deviations are explained by disease. 
 Aging effects can be primary or secondary  [  85  ] . The pri-

mary effects of age are an increase in distal airspace (alveo-
lar ducts and alveoli) along with a reduction in chest wall 
compliance and muscle strength. The consequent reduced 
lung elastic recoil facilitates airway closure; secondary 
effects are manifest in lung volume changes  [  85  ]  (Table  4.4 ). 
Closing volume and closing capacity (sum of closing volume 
and total lung capacity) increase with age; residual volume 
also increases, while FEV 

1
  declines. Genetic effects cannot 

be discounted; in a large Danish study, genetic in fl uences 
appeared to contribute signi fi cantly to alterations in pulmo-
nary function, especially FEV 

1
  and FVC, more so in males 

than in females  [  86  ] . 
 Aging is also associated with decline in immune function. 

The respiratory system has a large epithelial surface and is 
much exposed to microbes and antigens. Mucociliary func-
tion, mucins, antibacterial proteins, and alveolar mac-
rophages play a role in defense; alterations occur in cell 
mediated, humoral, and innate immunity  [  81  ] . Further, an 
age-related maladaptive response to cigarette smoke sensi-
tizes the lung to in fl ammation and oxidation, and contributes 
to smoking induced chronic obstructive lung disease; the age 
factor may have a greater role in sensitizing smokers than 
hitherto realized  [  87  ]  (Table  4.4 ).   

   Clinical Impact 

 Changes in the respiratory system do not cause manifesta-
tions in the old even during routine exercise. Commonly, 
abnormal pulmonary function tests signify the presence of 

obstructive or interstitial lung disease, with or without a car-
diac component. Smoking (including secondhand smoke) is 
deleterious to the lungs and must always be addressed  [  87, 
  88  ] . Profound changes in pH,  p O 

2
  or  p CO 

2
  are very likely a 

result of disease. A dysfunctional immune system in the 
presence of systemic disease, drug effects and predisposition 
to aspiration increase the risk of pneumonia  [  81  ] .   

   Kidneys 

   Morphology and Physiology 

 The kidneys undergo structural and functional alteration 
with age  [  89–  93  ] . Renal blood  fl ow declines with age at the 
rate of 10% per decade from age 30 to 60, with the cortex 
affected most  [  87  ] . Both kidneys become smaller, with 
nephron volume beginning to shrink by about the third or 
fourth decade of life  [  94  ] ; renal size lessens by up to 40% 
by age 80  [  92  ] . The glomeruli manifest basement mem-
brane thickening, hyalinization and sclerosis. Apoptosis 

   Table 4.4    Respiratory system and aging   

 Structure 
  Increase in the anteroposterior diameter of rib cage 
  Calci fi cation of the costochondral junction and costal cartilage 
   Thoracic rib cage increases in rigidity and decreases in compliance 
  Lung compliance increases 
  Loss of lung elasticity and recoil 
  Alveolar ducts enlarge, but there is loss of alveolar surface area 
  Increase in pulmonary vascular stiffness, pressures, and resistance 
 Lung volumes 
  Total lung capacity unchanged 
  Tidal volume unchanged 
  Residual volume and functional residual capacity increase 
   Closing volume increases (accounts for ventilation-perfusion 

mismatch) 
   Decline in vital capacity; FVC and FEV 

1
  decrease by 15–30 mL/

year 
 Gas exchange 
  Decline in PaO 

2
  with age 

  PaCO 
2
  and pH remain unchanged 

  A-a gradient increases with age 
  Diffusion capacity of carbon monoxide declines 
 Defense to infection declines 
  Dysregulated cell mediated, humoral, and innate immune function 
  Decline in vigor of cough re fl ex 
  Decline in mucociliary function with poorer clearance 
 Clinical impact 
  Age-related physiological changes do not cause symptoms 
  Dyspnea at rest or minimal exertion suggests lung or other disease 
   Impact of smoking on lung structure and function is far more than 

physiological changes 
  Increased predisposition to aspiration 
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and proliferation of podocytes lead to sclerosis  [  95  ] . In a 
biopsy proven study, the prevalence of nephrosclerosis 
went up progressively from 2.7% in an age group 18–29 
years to 73% for those 70–77 years  [  96  ] . There also occurs 
a decline in functioning tubules and increase in interstitial 
 fi brosis. Collecting tubules may develop diverticuli. 
Glomerular  fi ltration rate (GFR) tends to decline at a rate of 
about 8.0 mL/min/1.73 m 2 /decade (or about 0.8–1% annu-
ally) after the third decade; however, based on longitudinal 
studies, the rate of decline is highly variable  [  93,   97  ] . The 
decline in GFR may be none, less than 1%, or over 1%. 
Tubular secretion also undergoes a decline of about 0.7% 
annually. 

 Serum creatinine levels would be expected to rise based 
on the diminished renal function; however, creatinine gen-
eration declines with age due to the decrease in muscle mass 
(sarcopenia) with aging. The expected rise in creatinine is 
offset by the decline in synthesis of creatinine, rendering 
creatinine level a poor indicator of renal function. Hence, 
renal function must be measured utilizing an acceptable for-
mula. While GFR is an overall index of renal function, it is 
not measured directly. Derived eGFR using the Cockroft–
Gault equation (CGF)  [  98  ]  or the Modi fi cation of Diet in 
Renal Disease Study (MDRD) equation  [  99  ]  is commonly 
used; the newer Chronic Kidney Disease Epidemiology 
Collaboration (CKD-EPI) equation was introduced in 2009, 
but is not yet in common usage  [  100  ] . The CGF approxi-
mates eGFR from creatinine clearance, while the other two 
require computer assistance. 

 Several tubular functions become impaired as one gets 
older. The ability to conserve or excrete water is blunted. The 
capacity to conserve or excrete a sodium load is impaired. 
The ability to excrete a potassium load or an acid load 
decreases. There is controversy regarding the secretion and 
effectiveness of antidiuretic hormone  [  92  ] . Hormonal func-
tions of the kidney are variably affected and are brie fl y stated 
in Table  4.5 . Several functions are preserved with aging: 
these include tubular handling of calcium, phosphorus, and 
magnesium, as also erythropoietin synthesis  [  101  ] . The pres-
ence of diverticuli in the bladder suggests outlet obstruction, 
especially prostatic hyperplasia in males. Bladder capacity 
declines with age, but there is a small increase in postvoid 
residual volume; a large increase in residual volume suggests 
obstructive uropathy.  

 The cause of renal function decline with age is unclear. 
Postulates include decline in blood  fl ow, activation of growth 
factors, and dietary factors such as protein. A recent study 
suggests that “hyper fi ltration” may be a factor  [  102  ] ; a 
decrease in glomerular density with aging appears associated 
with an increase in GFR and albumin excretion  [  94  ] .The 
in fl uence of even mild disease on renal function cannot be 
excluded.  

   Clinical Impact 

 Measurement of renal function must be a routine part of 
patient evaluation, rather than reliance on serum creatinine 
levels. The implications for accurately assessing renal func-
tion are many: appropriate dosing (or avoidance) of medica-
tions, water, sodium, and potassium administration, diet 
prescription, better anticipation of health outcomes, and 
future planning. Renal function remains good enough in 
many older adults to receive consideration as suitable renal 
allograft donors. Interventions such as control of blood pres-
sure, blood sugar, weight, diet and caloric restriction may 
help prevent renal aging  [  103  ] .   

   Table 4.5    The kidneys and aging   

 Morphology 
   Decline in blood  fl ow to the kidneys with age, as with other organs 
  Decline in size of both kidneys 
   Decline in number of functioning glomeruli, with increase in 

sclerosis, predominantly in the cortical region 
  Decline in functioning tubules, especially long tubules 
  Presence of diverticuli in renal tubules 
   Postvoid residue increases a little with age, not to the extent seen 

in obstructive uropathy 
  Bladder capacity declines with normal aging 
 Function 
   Decline in glomerular  fi ltration rate (GFR) (from the third decade, 

highly variable) 
  Decline in tubular secretion 
  Filtration fraction (GFR/renal blood  fl ow) increases with age 
  Decline in both tubular concentration and dilution capacity 
   Decline in ability to conserve sodium or excrete a large sodium 

load 
  Reduced ability to excrete a potassium or acid load 
   Reduced renal threshold for glucose (urine testing for glucose 

unreliable) 
  Preserved calcium, phosphorus and magnesium handling 
  Decline in hormonal function 
   Decline in 1,25-dihydroxy vitamin D synthesis 
    Decline in degradation of insulin, parathormone, calcitonin, 

glucagon 
   Decline in renin secretion 
    Erythropoietin synthesis intact until marked decline in renal 

function 
 Clinical impact 
   Older adults are susceptible to both dehydration and volume 

overload 
  Vulnerable to both hyponatremia and hypernatremia 
   Decline in GFR not accompanied by expected increase in the 

serum creatinine 
  Renal function must be estimated utilizing an acceptable formula 
   Medications handled by the kidney warrant dosing based on 

accurate assessment of renal function 
  Unilateral decrease or increase in renal size is not age related 
  Bladder diverticuli suggest the presence of obstructive uropathy 
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   Endocrine System 

   Morphology and Physiology 

 Normal aging is associated with a decline in hormone con-
centrations of estrogen (menopause), testosterone, and 
dehydroepiandrosterone (andropause), and growth hor-
mone with insulin like growth factor 1 in parallel (somato-
pause)  [  104,   105  ] . However, interestingly, in the Baltimore 
Longitudinal Study of Aging, in a comparison of long-
lived people (survivors >90 years) to short-lived partici-
pants (58–70 years), single biomarker levels for gut 
hormones, insulin, and testosterone were not signi fi cantly 
different, although global scores differentiated the two 
groups  [  106  ] . 

 Thyroid function declines with age, with serum TSH lev-
els increasing with age in the absence of autoimmune anti-
bodies  [  107–  110  ] . Free T 

3
  levels decline in the extreme old; 

but free T 
4
  remains intact, because a decline in its secretion 

is offset by a decline in clearance  [  108,   111  ] . The majority of 
women over 70 and men over 80 develop thyroid nodules, 
many of which are not felt on physical examination  [  107  ] . 

 Insulin resistance, denoting a lower rate of glucose dis-
posal for a given insulin level, develops in diabetes, with 
obesity and with aging  [  112  ] . Aging is associated with alter-
ations in the fat and muscle compartments, and visceral obe-
sity correlates with insulin resistance. Fasting blood glucose 
levels rise only 1–2 mg/dL/decade, but a greater rise occurs 
in postprandial glucose with healthy aging  [  107  ] . Inspiratory 
muscular training in healthy subjects (61–82 years) improves 
insulin sensitivity  [  113  ] . 

 In men, there is also a decrease in estradiol  [  114,   115  ] ; in 
women, besides estrogen, a decline occurs in progesterone, 
testosterone, and androstenedione. The ovaries decrease in 
weight from a normal of 20 g around menopause to about 
2–3 g in old age; prominent ovaries on imaging studies in 
older women warrant evaluation. 

 Table  4.6  outlines endocrine changes with age.   

   Clinical Impact 

 The previous belief that exogenous hormones slow the aging 
process appears a myth; replacement must be selective and 
intended to correct for de fi ciency (e.g., vitamin D) or for 
endocrine disease  [  116  ] . Thyroid function tests are com-
monly abnormal in the old; illness and medication effects 
compound the abnormal results, emphasizing the need to 
correctly interpret test results. Overt hypothyroid and hyper-
thyroid states must be distinguished from subclinical states, 
euthyroid sick syndrome, and age-related abnormalities  [  107, 

  117,   118  ] . Low thyroid activity is associated with longevity, 
while subclinical hyperthyroidism has the opposite effect; 
long-living people have higher TSH levels  [  109  ] . The treat-
ment of subclinical hypothyroidism is hence of questionable 
bene fi t  [  118  ] . Likewise treatment of low serum thyrotropin 
levels (to merely correct biochemical abnormalities) does 

   Table 4.6    Endocrine system a    

 Thyroid 
  Decline in free T 

3
  levels 

   Normal free T 
4
  levels (decreased secretion and decreased 

clearance) 
  Gradual increase in TSH levels 
   Increasing nodularity of thyroid gland in both genders 
 Insulin 
  Marginal increase in fasting glucose (1–2 mg/dL/decade) 
  Larger increase in postprandial glucose 
   Decline in insulin production, offset by decreased clearance by 

kidneys 
  Insulin resistance develops with age, multifactorial in basis 
 Anti diuretic hormone (ADH) 
  Increase in basal levels due to tubular resistance 
  Increase ADH response to osmotic stimuli 
 Atrial natriuretic peptide 
  Basal and stimulated levels are elevated 
 Vitamin D 
  Diminished synthesis in the skin 
  Down regulation of vitamin D receptors in the gut 
 Erythropoietin 
   Production by kidneys preserved until marked decline in renal 

function 
 Adrenal hormones 
   Cortisol secretion decreases, offset by decreased clearance, diurnal 

rhythm is preserved 
  Reaction to ACTH and stress remains intact 
  Catecholamine production is normal 
 Renin and aldosterone 
  Renin and aldosterone levels decline predictably 
  Response to posture is blunted 
  Prone to hyperkalemia with dietary insults or medications 
 Parathyroid hormone 
   Levels increase from age 30 as a response to maintain calcium 

levels 
  Decline in degradation by the kidneys 
 Sex hormones 
   Males: decline in total and free testosterone, dehydroepiandroster-

one, estrogen 
   Females: decline in estrogen, progesterone, testosterone, 

androstenedione 
 Growth hormone 
  Decline in secretion, to very low levels by age 80 
   Decrease insulin-like growth factor 1 levels parallel growth 

hormone 
 Melatonin 
  Decline in levels with loss of circadian rhythm 

   a Gastrointestinal hormones are detailed in Chap.   5      

http://dx.doi.org/10.1007/978-1-4419-1623-5_5
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not necessarily improve clinical outcomes  [  119  ] . Growth 
hormone levels come down markedly by age 70–80. There is 
little bene fi t in replacement of growth hormone or testoster-
one for the low levels seen with aging  [  107  ] . 

 Alteration of body composition by diet and exercise has 
the potential to delay the onset of insulin resistance  [  112  ] . 
A diet rich in dairy products, whole grains, fruit, vegetables, 
poultry, and  fi sh is associated with greater insulin sensitivity 
in older adults  [  120  ] .   

   Nervous System 

   Morphology and Physiology 

 The brain mass declines with age, concomitant with a decline 
in blood  fl ow. Brain atrophy evident in neuroimaging in older 
people may be associated with perfectly intact function. 
However, more atrophy is apparent even with mild dementia. 
Neuronal loss occurs maximally in the cerebellum, superior 
temporal gyrus, and subcortical areas. White matter asym-
metry is a common  fi nding in healthy male and female adults 
and remains stable during aging  [  121  ] .White matter reduc-
tion may be causative in declines in episodic memory, execu-
tive function and information processing speed  [  122  ]  The 
role for genetic effects are inconclusive  [  123  ] . Every person 
inherits two apolipoprotein alleles of the three isoforms E2, 
E3, and E4, one from each parent. The E2 allele, the longev-
ity gene, is linked to increased life span, while the E4 allele 
is linked to Alzheimer’s disease. White matter age-related 
changes are associated with myelin sheath degeneration 
rather than axonal degeneration, with no gender disparity 
 [  124  ] .The presence and degree of white matter alterations 
correlate with declines in frontal function, including process-
ing information, visuomotor function, and verbal  fl uency, 
although language and memory are less closely related 
 [  123  ] . 

 The presence of intracellular tau protein and extracellular 
amyloid plaques may be markers of damage. While 
neuro fi brillary tangles (composed of tau) and amyloid beta 
peptide may be seen in the normal brain, it is their distribu-
tion and extent that distinguishes aging from Alzheimer’s 
disease. The signi fi cance of lipofuscin accumulation in the 
brain is not clear. Alterations in energy metabolism, mito-
chondrial function, neurotransmitters, and enzymes occur 
with brain aging. 

 The concept of cognitive reserve is important in that 
some people cope better with brain changes than others, 
and those with higher IQ or attainment often cope well even 
in the presence of Alzheimer’s disease  [  125,   126  ] . 
Intelligence gained from prior experience remains gener-
ally intact, but  fl uid intelligence (involving problem solv-
ing) deteriorates. General vocabulary is preserved into the 

eighth decade. Older people take more time to perform 
complex tasks, as processing speed is slower; performing 
new executive tasks may be dif fi cult. Recall is slower, reac-
tion time is longer (as is processing time), but recognition 
is generally intact.  

   Clinical Impact 

 Changes in the nervous system occur with age. Diminished 
vibration sense, position sense, and gait abnormalities may 
occur in the absence of speci fi c neurological disease. Most 
people undergo gradual cognitive decline, especially with 
memory, but can nevertheless function. A minority (1 in 100) 
does not experience this change and age successfully  [  127  ] . 
Mild cognitive impairment (MCI) represents the intermedi-
ate stage between cognitive function in aging and the decline 
in dementia  [  127  ] . A signi fi cant change in cognition or per-
sonality indicates disease. Future interventions should 
attempt boosting cognitive reserve to reduce age-related dis-
orders  [  126  ] .   

   Immune Function 

 A decline in immune function or “immune senescence” 
occurs with age and denotes deterioration in innate 
immune function (the  fi rst line of defense) and adaptive 
immunity (delayed response)  [  81,   128  ] . Thymic involu-
tion is complete by about 50 years, the thymus being 
largely replaced by fat; it accounts for the reduction of 
thymocytes and naive T cells  [  129  ] . Abnormal T and B 
lymphocyte function result in loss of cellular and humoral 
immunity. Immunosenescence is not characterized by 
unavoidable progressive deterioration of immune func-
tion, rather a remodeling where some functions are 
reduced, some are unchanged, and others are enhanced 
 [  130  ] . The progressive loss of T cell subsets may be 
responsible for poorer defense against viral and bacterial 
infections, a consequence of thymic involution and chronic 
antigenic stimulation  [  130  ] . The loss of B cell function 
may be due to inadequate T cell stimulation; diminished 
antibody production following immunizations is due to 
poor B cell function. Upregulation of in fl ammatory 
responses is another feature of aging and is unfavorable to 
longevity  [  130  ] . 

 Microglial immunosenescence in the brain may explain 
the occurrence of neuro fi brillary degeneration  [  131  ]  and 
even relate to behavioral and cognitive de fi cits  [  132  ] . A pos-
tulate is that zinc homeostasis and signaling are vital in 
immune activation and that zinc de fi ciency may be respon-
sible for impaired adaptive and innate immune function, and 
increased systemic in fl ammation  [  133  ]  (Table  4.7 ).  
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   Clinical Impact 

 Increased morbidity and mortality are well recognized in the 
old following bacterial and viral infections. In fl uenza, pneu-
monia, and septicemia are among the top causes of death in 
older adults in the United States  [  128  ] . Vaccines are less pro-
tective in the old than in the young as noticed with in fl uenza 
and pneumococcal vaccines  [  128,   129  ] . An increase in cuta-
neous infections in older age may relate to defective cutane-
ous immunity  [  134  ] .The increase in cancer after age 65 
may partly relate to deleterious immune alterations  [  135  ] . 
Maintaining immune health is a concept that can be linked to 
lifestyle, including energy intake, physical training, sleep 
patterns, and psychological stress  [  135  ] .   

   Sleep 

   Physiology 

 Aging is associated with signi fi cant changes to the daily 
sleep cycle, with about half of older adults encountering 
sleep disturbances  [  136  ] . Sleep requirements vary by 

person and range from 6 to 10 h, with 8 h considered rea-
sonable. Older people tend to go to bed earlier with earlier 
awakening (phase advance), compared to younger adults 
who tend to sleep later and wake up later (phase delay). In 
addition, the time required to fall asleep increases (sleep 
latency), while sleep ef fi ciency, the percentage of time 
actually asleep while in bed, declines. Sleep becomes more 
fragmented with nocturnal awakenings; the consequences 
are waking up not refreshed and day time sleepiness. 
Lastly, the time spent in deep sleep (non-rapid-eye-move-
ment (NREM) stages 3 and 4) decline, with relatively more 
time spent in NREM sleep (stages 1 and 2)  [  137,   138  ] . 
Despite this, older adults tend to be more resistant to the 
cognitive effects of sleep deprivation than younger adults 
 [  138  ] . Terminology changes by the American Academy of 
Sleep Medicine in 2007 [ 137 ] and sleep alterations are 
described in Table  4.8 .   

   Clinical Impact 

 Insomnia increases morbidity and mortality  [  136  ] . Sleep dis-
orders contribute to cognitive problems, falls, accidents, and 
impaired quality of life; many variables affect sleep  [  136  ] . It is 
essential to distinguish physiological sleep changes from the 
impact of diseases that interfere with sleep (heart failure, 

   Table 4.7    Immune function   

 Innate immunity 
  Loss of barrier function of skin and mucous membranes 
  Neutrophil function: 
   Decline in phagocytosis, bactericidal activity 
   No change in adherence or chemotaxis 
  Decline in macrophage function (phagocytosis, killing of pathogens) 
  Increase in cytokine activity through NK cells 
 Adaptive immunity 
  T cell function: production affected in parallel with thymic involution 
  T cell subsets change with age: 
    Decline in absolute number of total T cells, including CD4+ and 

CD8+ subsets (mostly the latter), and increase in NK cells (but 
with a decline in function) 

    Decrease in naïve T cells with proportionate increase in memory 
cells 

   Higher IgM, IgA, and IgG concentration 
 B cell function 
  Reduction in B cell number 
  Reduced antibody response; with faster drop in antibody levels 
  Increase in autoantibodies 
 In fl ammatory response 
  Up regulation of chronic in fl ammatory response (detrimental) 
   Increase in IL-2, IFN-gamma, TNF-alpha, IL-4, IL-6, IL-10 

positive CD8+ T cells 
 Clinical impact 
  Increased susceptibility to viral and bacterial infections 
  Antibody response to vaccines is suboptimal 
   May require additional booster steps (e.g., 2-step tuberculin test) 
  Susceptible to infections and cancers 
  Increase in development of auto antibodies (signi fi cance?) 

   Table 4.8    Sleep and aging   

 Terminology (   American Academy of Sleep Medicine 2007) [ 137 ] 
  Rapid eye movement (REM) = R 
  Non-rapid-eye-movement 1 (NREM 1) = N1 
  Non-rapid-eye-movement 2 (NREM 2) = N2 
  Non-rapid-eye-movement 3, 4 (NREM 3, 4) = N3 
 Sleep phases 
  REM: decline in REM sleep 
  NREM: stages 1 and 2 increase, 3 and 4 decline 
  NREM stages 3 and 4 (deep, restorative sleep) most affected 
 Changes in sleep cycle 
  Total sleep time decreases 
  Tend to go to bed earlier, with earlier awakening (phase advance) 
  Delay in sleep latency (time required to fall asleep once in bed) 
  Sleep ef fi ciency is impaired (time asleep while in bed) 
  Nocturnal awakenings are common 
  Sleep fragmentation increases 
  Daytime drowsiness and napping increase 
 Clinical impact 
  Insomnia needs evaluation to ascertain etiology 
   Acute insomnia often has an addressable cause 
  Chronic insomnia is managed by addressing sleep hygiene 
    Environment, diet, caffeine, alcohol, activity, regular sleep habits 
   Sedative hypnotics are short-term therapy, typically for acute 

insomnia 
   Adverse effects of sedative hypnotics include falls, impaired 

memory, loss of concentration, daytime drowsiness, accidents 
  Chronic use of hypnotics outweighs bene fi ts in older persons 
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nocturia, depression, dementia, sleep apnea, pain, etc.) and 
insomnia from adverse drug effects. Insomnia is primarily 
managed by addressing measures to promote sleep hygiene 
and treating any apparent cause. In acute insomnia a cause is 
usually evident and addressed; medications (sedative hypnotics) 
may have a temporary role for therapy. However, in chronic 
insomnia, adverse effects of hypnotics exceed bene fi ts. Enhancing 
sleep may help improve cognition and performance  [  138  ] .   

   Successful Aging 

 There has been much interest on prolonging aging and in the 
theme of “successful aging”  [  139  ] . The very de fi nition of 
“successful aging” is complex. To some it re fl ects achieving 
one’s dreams in spite of early death; for others, good health 
appears to be the priority; but would aging be considered 
successful if long life and death were associated with unhap-
piness?  [  140  ] . Improving health care to the highest quality 
has the potential to promote successful aging. Many prac-
tices persist without evidence of ef fi cacy, while many mod-
els demonstrate the need to redesign systems to improve 
quality of care  [  141  ] . A multidimensional model de fi nes suc-
cessful aging as a state wherein an individual makes good 
use of psychological and social potentials to compensate for 
physiological limitations to achieve a personally satisfying 
quality of life and sense of ful fi llment, even in the context of 
disease and disability  [  139  ] . Determinants of exceptional 
longevity as observed in centenarians show a substantial 
familial component in the ability to survive to extreme old 
age. These include a locus on chromosome 4 (linked to 
exceptional longevity), absence of genetic variants linked to 
premature death, and reduced risks for age-related diseases 
in the children  [  142  ] . Simply stated, successful aging may be 
dependent on genetics, lifestyle, and fortitude  [  143  ] . 

 Aging reduces physiological reserves, leading to frailty 
when the reserve capacity is exceeded. These reserves can be 
estimated by cardiopulmonary testing. While sedentary life-
style accelerates the aging effects in those susceptible, physi-
cal activity promotes a disease-free life expectancy and 
thereby has an antiaging effect  [  144  ] . 

 The future holds promise for improved therapies based on 
a better understanding of the science of aging. New models 
or approaches may include cognitive enhancers, designer 
drugs, antioxidants, gene therapy, nutrition, and psychoso-
cial health  [  145–  148  ] . For now, physical inactivity is known 
to retard secondary aging and prevent some chronic risk con-
ditions such as insulin resistance  [  149  ] . 

 Old age did not prevent a centenarian from successfully 
running a marathon in 5 h 40 min in October 2011. The cente-
narian completed his  fi rst marathon at the age of 89 and since 
then ran the marathon seven more times, a feat unthinkable 
in the past. It is encouraging that “people in their late 90s or 

older are often healthier and more robust than those 20 years 
younger”  [  150  ] , warranting a change in our traditional views 
of aging. There is much to be done in the future to promote 
healthy aging in older adults as stated by the American 
Geriatrics Society Task Force  [  151  ] . 

  Key Points 

    Aging is inevitable, slowly and relentlessly progressive • 
and affects all systems.  
  A general yearly decline of 1% applies to most functions, • 
following the third decade.  
  Physiological changes in function are expected, but must • 
be differentiated from pathology or disease, although the 
two almost always often coexist.  
  Decline in certain organs or systems can be measured, • 
and followed over time. Typical examples include renal 
and cardiac function.  
  Clinical manifestations are unlikely to result from physiolog-• 
ical changes alone and usually signal coexisting disease.  
  Manifestations from medications may be superimposed.  • 
  Inactivity contributes to worsening systems function in • 
general; on the other hand, physical activity promotes an 
antiaging effect.  
  Inadequate reserves become apparent during periods of • 
stress; frailty is an extreme situation of minimal reserves.  
  Although no theory fully explains “aging,” the process • 
appears to be a result from a combination of genetic fac-
tors, environmental in fl uences, and lifestyle factors.  
  Addressing lifestyle (with emphasis on a healthy diet and • 
physical activity) may be the best approach to minimize 
disease and promote longevity.  
  Successful aging may be the result from the right combi-• 
nation of factors that include favorable genetics, healthy 
lifestyle to minimize disability and making the most to 
enjoy a good quality of life.          
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         Introduction    

 Normal aging is associated with gradual and subtle changes in 
the morphology and function of most organs and systems  [  1  ] . 
The gastrointestinal (GI) system is no exception; there are sug-
gestions that physiological changes may accelerate in the old-
est years. With the increase in life expectancy in the United 
States and world over, clinicians need awareness of the 
age-related physiological changes and their consequences, 
well detailed in a committee report by the American 
Gastroenterological Association  [  2  ] . Demographic changes 
have led to a disproportionate increase in the oldest segments 
of the population, many characterized to have several GI disor-
ders including dysphagia, gastroesophageal re fl ux, gastropare-
sis, and discomfort due to constipation, stool impaction, and 
fecal incontinence. True physiologic changes due to aging may 
be dif fi cult to distinguish from subclinical disease. Data on sev-
eral age-related alterations have been largely derived from ani-
mal studies with implications in humans far from clear. Altered 
gut physiology, subtle as it might be, may play a role in many 

manifestations in the aged, including anorexia, constipation, 
fecal incontinence, and postprandial hypotension  [  1–  4  ] .  

   Gastrointestinal Motor Function 

 An increase in the prevalence of gastrointestinal disorders of 
function and motility occurs with age  [  5  ] . Although we rec-
ognize an increase in the prevalence of several gastrointesti-
nal motor disorders such as dysphagia and constipation in 
older people, age per se has minimal direct effects, largely 
due to the enormous functional reserves. Alterations in 
motor function more likely result from disease, with clinical 
implications relating to weight loss or gain, taste distur-
bances, clinical outcome, and at times even socioeconomic 
burden  [  4–  8  ] . 

 The intestinal myenteric and submucosal plexus demon-
strate age-related changes which begin in adulthood and 
worsen with advancing years; changes speci fi cally involve 
the cholinergic neurons and include concurrent enteric glial 
cell losses. There appears to be greater losses in the distal GI 
tract compared to the proximal sites  [  9–  11  ] . Dystrophic 
axonal swelling occurs in the sympathetic, vagal, dorsal root, 
and enteric nitrergic innervation of the gut; these autonomic 
nervous system changes may in part explain the age-related 
decline in function  [  1,   3,   11  ] . Motor dysfunction in older per-
sons more commonly results from tumor, in fl ammatory or 
neurological disease, systemic disorders, and effects of med-
ications. As management will relate to the presence or 
absence of disease, and not just age, a diagnostic work-up is 
usually required  [  11–  13  ] .  

   Oral Changes 

 Changes in the skin and oral mucosa are known to result 
from the variable in fl uence of environment, diet, hormonal 
changes, and medications. Disorders of the oral cavity are 
detailed in chapter   45     on Oral Health. 
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   Teeth 

 With age, the appearance of teeth changes to a yellowish, 
darker hue from altered composition of the underlying dentin and 
covering enamel. The vascular supply of the tooth and enamel 
declines with age, one cause of altered sensitivity to environ-
mental stimuli. There is proneness to caries or trauma, leading 
to thickening of the cementum (the substance covering the 
root surface); the total width of the tooth almost triples 
between ages 10 and 75 years  [  14–  17  ] . Teeth wear occurs with 
age, to a large extent as a result of normal chewing; however, 
the number of edentulous people has declined in the past few 
decades, with more older people retaining their teeth  [  15  ] .  

   The Tongue 

 The mucous membrane of the tongue accommodates four 
papillae:  fi liform, fungiform, circumvallate, and foliate. 
Although the  fi liform papillae do not contain taste buds, each 
circumvallate papilla contains about 250 taste buds, and the 
foliate papillae (vertical folds in the postero-lateral tongue) 
contain approximately 1,200 taste buds. Taste buds are found 
primarily around the tongue margin and dorsum, soft palate, 
pharynx, and epiglottis. Taste innervation is provided by the 
chorda tympani branch of the facial nerve and the glossopha-
ryngeal nerve  [  18–  20  ] .  

   Xerostomia 

 Xerostomia, the subjective sensation of dry mouth, is the 
result of a decline in saliva production and affects 29–57% of 
older persons  [  21–  23  ] . The functions of saliva include lubri-
cation, promoting dental remineralization, prevention of 
decay, and protection against fungal and bacterial infections. 
Manifestations of xerostomia include burning sensation, 
altered taste, dysphagia, and dysarthria. Age by itself does not 
cause a decrease in stimulated salivation, but loss of teeth 
may cause a decline in stimulated salivary  fl ow  [  22  ] . 
Xerostomia results from illness and more commonly as an 
adverse effect of medications. Examples of medications caus-
ing xersotomia include tricyclic antidepressants (amitrip-
tyline, imipramine), serotoin reuptake inhibitors ( fl uoexitine, 
sertraline), antipsychotics (thioridazine, olanzapine), and 
antihistamines (diphenhydramine, cyproheptidine)  [  21–  23  ] . 

   Clinical Application 
 Xerstomia calls for a review of medications that decrease 
salivary  fl ow, and elimination or substitution of the offending 
agent wherever possible. Patients are encouraged to sip 
water, avoid alcohol, and minimize consumption of food and 
drinks that promote xerostomia e.g., caffeinated beverages. 
Chewing sugarless gum or candy may serve as sialogogues 

(agents that induce salivation); mechanical foods that serve 
as stimulants include apples, carrots, and celery. Salivary 
substitutes may offer temporary relief. Oral moisturizers are an 
option. Pharmacological stimulants include pilocarpine and 
cevimeline; they are useful for dry mouth in keratoconjunct-
vitis sicca (Sjögren syndrome)  [  18–  23  ] . Decreased salivation 
and buffering capacity may be associated with low carries 
risk but high dental erosion progression  [  22  ] .   

   Taste Sensation 

 Taste sensation is appreciated during mastication and 
deglutition from the contact of food with neuroepithelial 
cells, the taste buds. The sense of smell contributes much to 
taste perception. Both taste and smell complement nicely to 
enhance food palatability. Oral tactile sensation helps deter-
mine food texture;  fl avoring agents and condiments help 
complete the taste experience. Taste buds in thousands sit 
atop the papillae. The ovoid taste bud has a life of about 10 
days and is constituted by 50–100 taste receptors, essen-
tially taste chemoreceptors. Balding of the tongue or glositis 
may indicate loss of papillae or malnutrition, among other 
causes  [  24–  26  ] . 

 A taste bud has receptors that essentially account for  fi ve 
primary taste sensation: sour, salty, sweet, bitter, and umami. 
Acids produce a sour taste; ionized salts, mainly cations, 
stimulate salty taste. Various chemicals, mainly organic, pro-
duce sweet and bitter sensations. Monosodium glutamate 
(MSG), a  fl avor enhancer, elicits umami taste. Diminishing 
taste is a consequence of degeneration or reduction in taste 
buds. In healthy adults, taste buds    regenerate approximately 
every 10 days; the process declines in the old, and in women 
following menopause or with estrogen de fi ciency. Protein 
and zinc de fi ciency retards taste bud renewal  [  18,   19,   21  ] . 
Although taste perception may change with age, somatic 
sensations such as touch and burning pain in the tongue are 
preserved, suggesting that the tongue addresses these stimuli 
differently  [  24  ] . Data now supports an elevation in sensory 
threshold with age for somato-sensory (warm, cool, two 
point discrimination) and gustatory senses  [  26  ] .  

   Olfaction 

 The sense of smell is often taken for granted, until it is lost! 
There is a consistent age-related decline in olfactory func-
tion. The loss of smell is gradual along with the ability to 
discriminate between odors. The decline is signi fi cant with 
the majority of adults over age 80 having olfactory impair-
ment (i.e., elevated olfactory threshold). This is attributed to 
a decrease in olfactory bulb  fi bers and olfactory receptors. 
Olfactory receptors undergo apoptosis at a baseline rate in 
all; age enhances receptor cell death  [  19,   21,   25  ] . 
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   Clinical Application 
 Olfactory function is also in fl uenced by disorders of liver, 
cancers, mild cognitive impairment (precursor to dementia), 
and Alzheimer’s disease  [  19,   21  ] . Electrophysiological tests 
have con fi rmed impaired olfaction in preclinical and clinical 
Alzheimer’s disease. 

 The human being always has the desire to eat and enjoy food, 
a process requiring all sensations to be intact. The pleasure of 
eating the apple comes from the sight of the apple (vision), smell 
and taste of the fruit, the crunch while eating (dentition and 
hearing), and intact swallowing function. Aguesia and dysgue-
sia commonly result from nutrient de fi ciencies or adverse drug 
effects. Enjoyment of food can be helped by  fl avor enhance-
ment, use of sugarless candy (to stimulate saliva) and by social 
dining. Older adults can thus better enjoy their meals  [  5  ] . While 
aging is largely associated with preservation of taste, subtle taste 
discrimination may be impaired (Table  5.1 ).     

   The Esophagus 

 Clinically signi fi cant esophageal dysfunction does not result 
solely from age although mild manometric changes have been 
described  [  27  ] . Alterations in the old include a decrease in the 
amplitude of contractions, number of peristaltic waves fol-
lowing a swallow, increase in disorganized contractions in the 
body of the esophagus and weakening of esophageal smooth 
muscle. Often, it is the associated neurological disorders that 

cause secondary esophageal dysfunction; esophageal func-
tion is usually well preserved even in advanced age  [  27–  29  ] . 

   Esophageal Motility 

 Dysphagia is common in old people. Oropharyngeal dys-
phagia occurs in 50% of nursing home residents, account-
ing for frequent aspiration pneumonia. Oropharyngeal (or 
transfer) dysphagia may result even from subtle changes in 
upper esophageal sphincter (UES) or pharyngeal function. 
UES dysfunction results from striated muscle disorders, 
myasthenia gravis, stroke, Parkinson’s disease, and com-
monly advanced dementia  [  3,   4,   29  ] . Zenker’s diverticulum 
and cervical osteophytes are unique mechanical causes of 
intrinsic and extrinsic obstruction, respectively. Zenker’s 
diverticulum is an out-pouching in the posterior pharyngeal 
wall immediately above the UES; the diverticulum retains 
putri fi ed food, with manifestations such as foul breath, 
cough, neck fullness or gurgling with meals, and the 
dreaded pulmonary aspiration. The UES, composed of the 
cricopharyngeus skeletal muscle, is a primary barrier to 
aspiration of gastric re fl ux. Subtle alterations in oropharyn-
geal function are observed through video swallowing stud-
ies  [  30,   31  ] . UES pressure may decline with age, causing a 
delay in relaxation after deglutition. Pharyngeal clearance 
during a swallow may be impaired, partly explaining the 
risk of aspiration in older age. In addition, a decline in sensory 

   Table 5.1    Oral cavity, taste, and smell   

 Morphology 
  Teeth 
   Teeth wear gradually with age from normal chewing 
   Teeth width increases with age 
   Teeth loss is not an aging phenomenon, rather from disease 
  Tongue 
   Taste buds: several thousand in the tongue and sit on the papillae on the tongue surface 
   Taste buds house receptor cells; receptors located in the palate, tongue, and upper esophagus 
  Salivary glands: acinar cells structurally intact, but reduced in number 
 Functions 
  Smell: increased threshold in perception, with decline in abilities to perceive smell. Consistent decline with age 
   Taste, also, known as gestation; basic tastes are salty, sweet, bitter, sour, and umami. Taste sensitivity is located all over the tongue and other 

locations in the mouth. Taste preferences are altered with age, with a decline in taste discrimination, but alterations less consistent than olfaction 
   Saliva production: basal <0.5 mL/min and stimulated 1–2 mL/min are intact with age, both quantitative and qualitative, suggesting adequate 

acinar cell function 
 Implications 
  Proper dental care in early life leads to better preservation of teeth in old age 
  Taste and smell contribute to appetite, an extremely important factor in quality of life 
  Tastes can bene fi t or harm and hence stimulates or deteriorates appetite 
  Most often marked loss in taste and smell is secondary to: 
   Diseases alter the perception of taste and smell 
   Adverse effects of medications that alter taste and/or saliva production 
  Decline in saliva production with xerostomia is a result of disease, medications, or salivary loss (mouth breathing or drooling) 
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discrimination in the oral cavity and the pharynx is also a 
predisposition. Quantitative evidence of age-related 
changes in tongue movement during natural swallowing is 
attributed to muscle weakening  [  30  ] . The amount of food 
and liquid required to stimulate a pharyngeal swallow is 
larger in the old. Secondary esophageal peristalsis in the 
elderly is either absent or evoked less frequently after 
esophageal distension; complete lower esophageal sphinc-
ter (LES) relaxation in response to esophageal air disten-
sion is impaired  [  32  ] . 

 Esophageal (transit) dysphagia, as opposed to oropharyngeal 
dysphagia, may be due to a mechanical cause or a motility 
disorder. Motility dysfunction infrequently occurs in people 
over 70 years of age  [  4,   33  ] . In symptomatic persons, esoph-
ageal abnormalities may be present in 20–30%  [  2  ] . A decline 
in the amplitude of esophageal contractions is explained 
by a decline in cells of the enteric nervous system with age. 
The term “presbyesophagus” once popular refers to a con-
stellation of age-associated changes: decreased contractile 
amplitude, polyphasic waves, incomplete relaxation of the 
LES, and esophageal dilatation, with frequent simultaneous 
contractions (symptomatic or asymptomatic diffuse esopha-
geal spasm)  [  2  ] . The clinical signi fi cance of these  fi ndings 
remains unclear  [  29,   33  ] . 

 Age is associated with a reduction in the enteric plexus neu-
rons by 20–60%  [  6  ] . The UES and LES act as barriers against 
re fl ux. The UES pressure in the old is considerably lower  [  31  ] . 
Age-associated hiatal hernia pushes up the gastroesophageal 
junction above the diaphragm to decrease LES function. Age is 
associated with an increase in esophageal acid exposure due to 
progressive decrease in abdominal LES length and peristaltic 
activity  [  34  ] . Overall, intrinsic changes in esophageal function 
with age have little impact on function.  

   Clinical Application 

 Dysphagia should never be attributed solely to old age. 
Primary esophageal motility disorders associated with dys-
phagia would include achalasia, scleroderma, diffuse esoph-
ageal spasm, “nutcracker” esophagus, and nonspeci fi c 
esophageal motor disorders. Achalasia in the elderly may be 
a manifestation of gastro-esophageal junctional cancer. 
Medication-induced esophageal injury is a common esopha-
geal disorder in older adults, warranting a medication review, 
and focused history for substernal pain, odynophagia, and 
dysphagia. The injuries are generally self-limiting. 
Swallowing disorders in older adults predispose to aspira-
tion pneumonia and malnutrition  [  33,   35  ] . While salivary 
secretion declines during sleep, the effect of hypnotics 
decreases secondary peristaltic activity and increases likeli-
hood for esophageal mucosal injury through contact with 
regurgitated acid.   

   The Stomach 

 It is common for asymptomatic individuals over age 60 years 
to have atrophic gastritis  [  2–  4,   33–  37  ] . Gastric atrophy does 
not result from normal aging; rather, it is a consequence of 
other factors. Both basal and peak gastric acid output decrease 
with age, mostly a result of gastric mucosal atrophy. Yet, most 
healthy older people maintain normal gastric acid secretion 
 [  37  ] . The role of  Helicobacter pylori  infection in the patho-
genesis of gastric atrophy and hypochlorhydria is now well 
recognized; prior or current  H. pylori  infection is seen in most 
patients with atrophic gastritis. Serum gastrin concentration 
increases in  H. pylori  infected subjects but not in older unin-
fected subjects  [  36  ] . Pepsin secretion does not decline, but a 
decline in gastric bicarbonate, sodium ion and nonparietal 
 fl uid secretion occurs with age  [  2  ] . In summary, the histologi-
cal and functional changes in the stomach attributed in the past 
to aging are now better explained by the presence of  H. pylori  
infection, a prevalence that increases with age  [  36–  38  ] . 

 Gastric mucosal blood  fl ow decreases with age, as does 
the blood  fl ow to most organs, leading to slower healing of 
mucosal injury  [  2  ] . Gastric prostaglandin synthesis may 
diminish increasing susceptibility to the adverse effects of 
NSAIDs on the mucosa. While gastric aging may induce 
abnormalities of the gastric epithelium, most alterations are 
a result of chronic insults; these include  H. pylori  infection, 
adverse effects of medications (NSAID gastritis) and comor-
bidity  [  39  ] . A consequence of gastric frailty with age is the 
vulnerability to peptic ulcer disease  [  39  ] . Mucosal protective 
mechanisms may be impaired with age  [  40  ] . The role for 
molecules implicated in repair such as trefoil peptides and 
matrix components is being studied  [  40  ] . 

   Clinical Application 

 Life style factors that impact on gastric  fi lling, distension and 
emptying, postmeal posture and GERD  [  41  ]  may favor acid 
re fl ux. In large part, the in fl uence of acid-reducing agents, 
NSAIDs, and  H. pylori  infection cause a variety of gastric dis-
orders including a reduction of defense mechanisms  [  34,   35  ] .   

   Gastric and Small Bowel Motility 

 The major functions of the stomach are to accept ingested 
food and convert the material to a suspension suitable for 
emptying into the duodenum and beyond. The presence of 
comorbidity and drug effects pose dif fi culties in interpreting 
motility studies in the elderly. The interstitial cells of Cajal 
(ICC) decline in the stomach and colon, in fl uencing motility 
and response to insults from disease and drugs  [  42  ] . 
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 Isotope studies demonstrate a considerable prolongation 
of gastric emptying for liquids in healthy older subjects com-
pared to younger controls  [  43  ] . However, gastric emptying 
for solids appears unchanged and the gastric electrical rhythm 
remains intact  [  44  ] . Aging is associated with diminished per-
ception of gastric distension. Age does not alter fasting and 
postprandial antral motility, believed to play a role in the 
emptying of solids. Conversely, fundic activity may be 
affected, which may account for a disturbance in liquid emp-
tying  [  43  ] . Gastroparesis is detailed in chapter   33    . 

 Morphological changes in the small intestine include a 
reduction in number of neurons in myenteric plexus and a 
reduction in splanchnic blood  fl ow  [  45  ] . The surface to volume 
ratio in the jejunum and enterocyte height remain unchanged, 
retaining the normal absorptive surface  [  46  ] . Mucosal regen-
eration increases with age  [  2  ] . The migrating motor complex 
(MMC) serves as the gut “housekeeper.” MMC occurs in three 
phases: phase 1, a silent period with small bowel inactivity; 
phase 2, characterized by irregular patterns; phase 3, with 
migrating motor activity. Changes in MMC involve velocity 
and occur only in the eighth or ninth decade of life. Intestinal 
abnormalities in any age group such as malabsorption cannot 
be attributed to age-related intestinal motility changes. The 
control of  phase 3  motor activity is mainly neural; a reduction 
in propagation velocity may result from age-related alterations 
in receptors of the enteric nervous system  [  43,   45,   47  ] . 

 With age there is little decline in small intestinal function, 
and malabsorption is uncommon  [  46  ] . Overall carbohydrate 
absorption is unaffected, and the duodenal brush border activity 
for glucose is maintained  [  2,   13  ] . Lipid absorption is maintained 
in older age, with little decline based on lower splanchnic blood 
 fl ow  [  48  ] . Pancreatic exocrine function is well preserved, since 
only 10–20% of pancreatic enzyme required for digestion  [  46  ] . 
Fructose, a monosaccharide and a component of fruits and fruit 
beverages, is increasingly consumed with fructose intolerance 
(diarrhea) more recognized. The role of transporters will help 
better understand fructose absorption  [  49  ] . Lactase activity that 
declines during adolescence may become more common with 
age, as a result of infections and chronic disease, medications 
(chemotherapeutic agents), and radiation injury. A decline in 
vitamin D receptor activity lowers the active absorption and 
transport of calcium, predisposing to osteomalacia  [  49  ] . Human 
studies suggest that although there is little concern for macronu-
trient absorption, micronutrients such as B12, folic acid, zinc, 
and copper may be affected with age  [  2  ] . 

 Small intestinal motility is a requirement for proper food 
digestion, nutrient absorption and clearance of cell debris, 
secretions, and residual undigested materials. Orocecal tran-
sit time does not change signi fi cantly with age in healthy 
adults, but is altered in disease; the transit time of facility 
residents, mean age 82 years, did not differ from younger 
adult controls  [  51  ] . In another study, although age did not 
affect small intestinal transit time nor gastric emptying time, 
it did slow colonic transit time  [  52  ]  (Table  5.2 ).  

   Clinical Application 

 The delay in gastric emptying noted in pathological states or 
as a pharmacodynamic effect may allow for longer contact 
time between harmful medications such as NSAIDs or aspi-
rin and the gastric mucosa, with resultant adverse effects. 
While small    intestinal transit time does not change apprecia-
bly with age, diseases such as diabetes and systemic sclero-
sis may signi fi cantly affect prolonged orocecal transit time 
 [  53,   54  ] .   

   Table 5.2    Age-related physiological changes   

 Esophagus 
   Decreased upper esophageal sphincter (UES) pressure, increased 

resistance, and delayed relaxation after deglutition 
   Decreased amplitude of peristalsis and an increase in synchronous 

contractions 
   Progressive decrease in abdominal lower esophageal sphincter 

(LES) length 
  Decline in esophageal clearance 
  Diminished esophageal perception 
 Stomach 
  Decline in gastric blood  fl ow with age 
   Some delay in gastric emptying, noted particularly for liquids, with 

increase in postprandial antral volume 
  Little change in pepsin secretion with age 
   Basal and stimulated gastric acid secretion do not decline in 

healthy aging; a decline may in fact be due to atrophic gastritis 
  Decline in interstitial cells of Cajal (ICC) with age 
   Impaired mucosal protective mechanism; decline in mucosal 

prostaglandin 
 Small intestine 
  Alteration in villous architecture 
  Reduction in myenteric neuronal plexus 
  Decline in splanchnic blood  fl ow 
   Decline in calcium absorption diminishes because of intestinal 

resistance to action of 1,25-dihydroxyvitamin D 
 Large intestine 
  Reduction in rectal wall sensitivity 
  Decrease in anal canal resting and squeeze pressure with age 
  Delay in colonic transit may be modest to none 
  Decline in ICC at 13% per decade 
  Enteric neurodegeneration (seen in animal models) with age 
  Higher prevalence of diverticular disease is noted with age 
 Pancreas 
  Decline in insulin secretions with age associated with insulin resistance 
   Exocrine function is largely intact, with no signi fi cant impact on 

absorption 
 Liver 
   Blood  fl ow declines with age; decline in phase 1 activity, better 

preserved phase 2 activity 
   Liver function relatively preserved, with normal albumin synthesis 
 Gall bladder 
  Decrease in hepatic extraction of LDL with higher LDL level 
   Diminish sensitivity to cholecystokinin (CCK) with age is offset by 

an increase in endogenous CCK secretion facilitating gall bladder 
contractions 

  Increase incidence of cholelithasis, perhaps relating to lithogenic bile 
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   Intestinal Micro fl ora 

 Proximal small intestine in healthy adults usually contains 
less than 10 4  bacteria/mL, predominantly Gram-positive 
anerobes  [  55  ] . Changes are apparent in the gut bacteria in 
older persons. An overall decrease in the total number of 
bi fi dobacteria is accompanied by an increase in species 
diversity  [  56  ] . Fungi and enterobacteria tend to increase. 
Overall, no single marker has been identi fi ed to denote 
change in microbiota composition; the impact of age is little, 
while that from disease and medications modify the compo-
sition of the microbial community  [  57  ] . In a study of seniors 
and centenarians, age-related differences in microbiota were 
related to in fl ammation and disease processes, and could 
affect host physiology  [  58  ] . Translocation of pathogenic bac-
teria from the gut into the circulation or lymphatics may lead 
to release of endotoxins. 

   Clinical Application 

 Shifts in composition of micro fl ora may lead to detrimental 
effects  [  59  ] , for e.g., increased predisposition to  Clostridium 
dif fi cile  associated diseases. Therapeutic strategies have been 
considered and recommended to counter these changes  [  59  ] . 
Aging associated with reduced immune function, coexisting 
disease, malnutrition, and effect of medications modi fi es the 
composition of the microbial community  [  60  ] . Small intesti-
nal overgrowth with colonic type bacteria must be consid-
ered as a basis for chronic diarrhea, anorexia, or nausea  [  61  ] . 
Based on evidence that the elderly have distinct microbiomes, 
the healthy old rather than the young may be better donors 
for probiotics  [  62  ] . Probiotics are detailed in chapter 11. 
With decreased costs of DNA sequencing, it is possible to 
identify the evolution of microbiota and thereby select probi-
otics based on patient age  [  63  ] . It also appears possible that 
manipulation of the complex symbiotic ecosystem of gut 
microbiota may help extend healthy aging and life span  [  64  ] . 
An understanding of the mechanisms of host-gut microbiota 
cross talk would help design nutritional approaches in target-
ing immune reactivity  [  65  ] .   

   Immune Function 

 Advanced age associated with breakdown of epithelial barri-
ers of the skin, lung, and genito-urinary tract does not spare 
the GI system. The gut mucosal immune system is exposed 
to a large number of antigens  [  66  ] . The GI tract surface 
represents the single largest immunological organ with much 
of the body’s immunoglobulin-producing cells  [  6  ] . Aging is 
accompanied by a decline in the mucosal and secretory 

immune response, with markedly higher GI infection-related 
mortality  [  6  ] . Changes include decline in regulatory-type 
cytokine production, T cell compartment, antibody responses 
to antigens, and the composition of the Peyer’s patches lym-
phoid tissues  [  66  ] . Although total T and B cells are generally 
stable, subset alterations occur. Intrinsic and extrinsic factors 
dictate macrophage function, with the latter more in fl uential 
 [  67  ] . A better understanding of T cell metabolism, hormones 
and microbiota may provide insights into immune responses 
associated with aging. Gut hormones such as leptin, ghrelin, 
insulin-like growth factor (IGF-1), and cytokines may play a 
role  [  68  ] . Little is known as to how the IgA plasma cells in 
Peyer’s patches and their homing to the lamina propria are 
affected by age  [  69  ] . Intestinal mucosal immunosenescence 
may be a consequence of reduced homing of IgA plasma 
cells  [  69  ] . Although age does not correlate with surface epi-
thelium and number of intraepithelial lymphocytes, absorp-
tion of lipids is somewhat impaired and may result from a 
decline in blood  fl ow and ischemia  [  48  ] . 

   Clinical Application 

 Gastrointestinal infections are common in older adults and 
may in part relate to altered immune function. More often, 
predispositions to infections are contributed by decline in 
gastric acidity, inappropriate use of antibiotics, presence of 
blind loops, and other causes.   

   Colonic Motility 

 Constipation and colonic motor functional alterations are not 
solely a consequence of aging. The role of enteric neurodegen-
eration in constipation has been noted in animal models; 
whether age affects the intrinsic and extrinsic innervation of 
colonic smooth muscle or degeneration from neurological dis-
orders (such as Parkinson’s disease) deserves study  [  70  ] . The 
number of neurons in human colon declines with age; neuronal 
nitric oxide synthase-positive neurons are spared and compen-
sation has been noticed in the spared neurons  [  71  ] . In both 
stomach and colon, the number of ICC decrease with age at a 
rate of 13% per decade; ICC size is affected only in the myen-
teric plexus of the colon  [  42  ] . While the changes do not differ 
by gender, they may contribute to alteration in motility  [  42  ] . 

 In a study of over 3,000 individuals, 26% of women and 
16% of men reported recurrent constipation  [  72,   73  ] . The 
variables associated with constipation in the over 65 age 
group included age, female gender, medication use, and the 
presence of abdominal pain, diverticular disease, and hemor-
rhoids. Psychological illness correlated positively with self-
reported constipation  [  73  ] . 

 Studies on sigmoid function and colonic transit show 
little evidence of alterations  [  74  ] . The most consistent 
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physiological  fi ndings were decreased rectal compliance 
and an increase in the sensory threshold for the urge to def-
ecate. A large, relatively noncompliant rectum correlates 
with an infrequent urge to defecate. The presence of stool 
in the rectum for lengthy periods of time may suggest poor 
sensation of the urge to defecate. 

 While there is data to implicate abnormalities in colonic 
motility in older adults, chronic constipation is associated 
more frequently with abnormalities of rectal function and 
afferent sensory mechanisms. Whether the  fi ndings are 
attributable to age-related physiological changes or poor 
bowel habits is unclear  [  4,   70,   73  ] .  

   Anorectal Function 

 Data suggests a decrease in both resting and squeeze anal 
canal pressures with age, as noted in healthy volunteers aged 
20–89 years and subjects over 50 years  [  75–  77  ] . The rate of 
decline in resting anal canal pressures is more apparent in 
females, and unrelated to parity. While the data is less clear 
on changes in rectal sensation, the threshold sensation for 
rectal  fi lling seems to increase with age. Anorectal dysfunc-
tion is common in those with fecal incontinence, common in 
the old and one reason for institutionalization. Fecal inconti-
nence is detailed in chapter 56. 

   Clinical Application 

 Constipation is most often the result of disorders seen in the 
old and in fl uenced by life style and adverse drug effects. 
Measures must hence address life style, acknowledging the 
coexistence of disease and adverse effects of medications.   

   Gastrointestinal Hormones 

 Neuroendocrine cells regulate homeostasis via neurocrine, 
endocrine, and paracrine means. Gut neuroendocrine cells 
demonstrate differential behavior with age and are key to regu-
latory processes  [  12  ] . Gut hormones may be encoded for cir-
cadian rhythms of motor and secretory activity, and cell 
proliferation rhythm  [  78  ] . The hormones have been implicated 
in relaying signals on nutritional status and energy intake to 
the nervous system; while ghrelin stimulates food intake, 
cholecystokinin (CCK), peptide YY, pancreatic polypeptide, 
and glucagon-like peptide-1 (GLP-1) suppress appetite  [  79  ] . 

 It is also believed that hormonal interactions occur 
between gut and brain; hormones circulate in the blood and 
signal via vagal afferents to communicate with the hypothal-
amus and brainstem  [  80  ] . Circadian biological rhythms 
account for food intake, hunger, and satiety. Gut hormones 

such as motilin and ghrelin are responsible for generation of 
MCC starting in the stomach; gastrin, ghrelin, cholecystoki-
nin, and serotonin are involved in generating contractions in 
the small and large bowel. Disruption of the gut clock and 
the circadian rhythm in the GI tract has the potential to cause 
weight changes  [  78  ] . 

 A brief account on gut hormones follows; more information 
is eloquently detailed in other reviews  [  81–  83  ].  

   Gastrin 

 Gastrin is a peptide hormone released by G cells in the 
antrum of the stomach, duodenum, and pancreas. The release 
of gastrin is stimulated by gastric distension, vagal stimula-
tion, peptides in the lumen of the stomach, and hypercalce-
mia. The actions of gastrin include stimulation of parietal 
cells to secrete hydrochloric acid. Gastrin plays a role in 
parietal cell maturation and fundic mucosal cell growth. 
Further, gastrin increases antral contraction and relaxes the 
pyloric sphincter to facilitate stomach emptying. Its secre-
tion is inhibited by acidity (negative feedback mechanism) 
and paracrine secretion of somatostatin. Although gastrin 
levels were believed to decline with age, it is now believed 
that basal and stimulated gastric secretion do not signi fi cantly 
decline in healthy aging  [  13  ] . Hypergastrinemia occurs in 
pathologic states e.g., atrophic gastritis, acid suppression 
from use of histamine receptor antagonists and proton pump 
inhibitors, and gastrin-producing tumors, a component of the 
Zollinger–Ellison syndrome  [  81–  82 ].  

   Cholecystokinin 

 CCK is secreted by entero-endocrine I cells in the duodenum 
and jejunum in response to fat and protein in meals. The 
actions include gallbladder contraction and promotion of 
bile entry into the duodenum. CCK stimulates the pancreatic 
acinar cells to increase enzyme secretion. Other actions 
include inhibition of food intake and delay gastric emptying. 
Duodenal mucosal diseases such as celiac disease and surgi-
cal procedures that bypass the duodenum (e.g., Billroth II, 
surgical gastric bypass) decrease CCK production and 
release, and may be responsible for pancreatic atrophy. 
Gallbladder sensitivity to CCK is diminished in the elderly, 
but gallbladder emptying remains unchanged due to an 
increase in endogenous CCK secretion  [  81,   82  ] .  

   Secretin 

 Secretin, the  fi rst hormone, discovered in 1902 (Baylis and 
Starling) is produced by the S cells of the duodenum and 
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is released by acid food entering the intestine. Secretin 
predominantly stimulates the ductal epithelial cells of the 
pancreas to secrete pancreatic  fl uid and bicarbonate, facili-
tating neutralization of acid chyme in the intestine. Secretin 
is a polypeptide with 27 amino acids; it is present in duode-
nal mucosa in the inactive prosecretin form. Chyme in the 
duodenum activates and enhances the release of secretin. 
Pancreatic alkaline secretion in the duodenum is a protective 
mechanism against acid mucosal injury. Alkaline pH pro-
vides the ideal pH required for action of pancreatic lipase. 
Age-related effects on secretin are not clear. In pharmaco-
logical doses, secretin increases bile  fl ow and GI motility 
and decreases LES pressure  [  78–  82 ].  

   Glucagon 

 Glucagon, released from pancreatic alpha cells, regulates 
glucose metabolism through several mechanisms including 
gluconeogenesis, glycogenolysis, and lipolysis, opposing 
the actions of insulin. There are no age-related changes. 
Glucagonoma is a pancreatic cell tumor that causes diabe-
tes, normocytic, normochromic anemia, cheilitis, glossitis, 
mild diarrhea, psychiatric manifestations, and a predisposi-
tion to thromboembolic phenomena. A characteristic ery-
thematous skin reaction (necrolytic migratory erythema) is 
an association  [  78–  82 ].  

   Glucagon Peptide Superfamily 

 Glucagon Peptide Superfamily is comprised of two peptide 
hormones: glucagon-like peptide (GLP-1) and glucose-
dependent insulin releasing polypeptide (GIP). Incretin hor-
mones (GLP-1 and GIP) are intestinal hormones released 
following food intake which potentiates glucose-induced 
insulin response  [  83,   85–  87  ] .  

   Glucagon-Like Peptide 

 GLP-1 is produced from the proglucagon gene in L cells of 
the small intestine. GLP-1 levels are decreased in type 2 dia-
betes. GLP-1 inhibits gastric acid secretion and gastric emp-
tying  [  83  ] . It inhibits food intake through a central nervous 
system effect and promotes satiety  [  83  ] . The incretin effect 
denotes the phenomenon of oral glucose intake promoting a 
much greater release of insulin compared to the parenteral 
isoglycemic glucose infusion. GLP-1 is responsible for 
incretin effect. Currently GLP-1 analogues are commercially 
available for the management of diabetes (exenatide, lira-
glutide, sitagliptin).  

   Glucose-Dependent Insulin-Releasing 
Polypeptide 

 Although not as potent as GLP-1, on a molar basis, GIP also 
plays a role in incretin effect. Originally termed gastric 
inhibitory polypeptide (GIP), it is produced by K cells in 
the small intestine and released in response to ingestion 
of glucose or fat. Through a complex mechanism, GIP 
stimulates insulin secretion, in the presence of hyperglyce-
mia. Similar to GLP-1, GIP also inhibits gastric acid secre-
tion and gastric emptying; it also inhibits food intake through 
a central nervous system effect and promotes satiety  [  83  ] . 
There is experimental evidence that GIP regulates fat metab-
olism through receptors on adipocytes.  

   Vasoactive Intestinal Polypeptide 

 Vasoactive intestinal polypeptide (VIP) is a 28 amino acid 
peptide with similarities to secretin. VIP is present in brain, 
spinal cord, lung, and other endocrine organs. The hormone is 
unresponsive to meals. It is a potent vasodilator that increases 
GI blood  fl ow and causes smooth muscle relaxation. As a 
chemical messenger, VIP acts on receptors to stimulate intra-
cellular cAMP generation. It belongs to a family of GI pep-
tides, including secretin and glucagon. The role of VIP is well 
studied in the syndrome of watery diarrhea, hypokalemia, and 
achlorhydria. Age-related changes are unclear.  

   Pancretic Polypeptide (PP) 

 The PP family of hormones include PP, neuropeptide Y 
(NPY), and peptide tyrosine tyrosine (termed PYY), each 
with distinct distribution and function. PP cells are distrib-
uted in the pancreatic islets within the parenchyma of the 
head and uncinate lobe. The secretion of PP correlates with 
vagal tone and is biphasic. The physiological effects of PP 
are not clear, but presumed to be inhibitory of pancreatic 
exocrine secretion. Other roles are inhibitory effects on gall-
bladder contraction, intestinal motility, and hepatic glucose 
production. Hospitalized patients may have reduced appetite 
through excessive release of PP  [  88  ] . PP in fl uences several 
physiological functions including gall bladder contraction 
and secretion, pancreatic exocrine secretion, intestinal motil-
ity, and ileal contractions. 

 PYY is a 36 amino acid peptide found in the pancreas and 
in L cells of the distal small intestine and colon. PYY acts an 
endocrine and paracrine hormone. The stimulants for PYY 
include fat and products of digestion. PYY in the circulation 
is reduced by fasting. PYY is a hormone with inhibitory 
effects on gastric secretion and gastrointestinal motility. 
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PYY has been termed an “ileal brake” as it increases nutri-
ent–mucosal contact time. Levels are in fl uenced by age and 
may regulate food intake in the older people, serving as a 
satiety factor  [  89  ] . While PYY cells increase with age in 
rodents, such change has not been observed in humans  [  90  ] . 

 NPY is a 36 amino acid hormone with similarities to 
PYY, found in the central and peripheral system. NPY 
stimulates appetite, causes vasoconstriction, and alters 
circadian rhythm. 

 Pancreatic endocrine function is altered with age, with a 
decline in insulin secretion even after adjustment for adipos-
ity and physical activity; this is accompanied with decline in 
insulin sensitivity and alterations in hepatic glucose produc-
tion  [  91  ] . There appears a signi fi cant reduction in PP-positive 
cells in elderly rats compared to young control rats, suggest-
ing that the distribution of pancreatic hormones is altered to 
a varying extent during the normal aging process  [  92  ] .  

   Somatostatin 

 Somatostatin is predominantly a paracrine secretion and pro-
duced by D cells of gastric and intestinal mucosa and islets 
of the pancreas. The physiological effects of somatostatin are 
mostly inhibitory. It regulates gastric, pancreatic, biliary, and 
salivary secretion and a wide spectrum of GI hormones. The 
inhibitory effects on secretion have been utilized to treat 
diarrhea,  fl uid output from pancreatic  fi stulas, and to decrease 
splanchnic and portal blood  fl ow. Radio-labeled somatosta-
tin analogues, such as octreotide, help localize neuroendo-
crine tumor  [  93  ] . Levels of somatostatin increase with aging. 
The rare clinical syndrome of somatostinoma is character-
ized by diabetes, diarrhea, and gallstones.  

   Ghrelin 

 Ghrelin is a 28 amino acid peptide produced largely in the 
gastric fundus, with small amounts in the small intestine, 
pancreas, kidney, testis, placenta, and lung  [  94  ] . Ghrelin is 
the natural ligand growth hormone secretogogue (GHS) 
receptor; it increases food intake and weight gain  [  95  ] . 
Circulating ghrelin increases during fasting and under condi-
tions associated with negative energy balance, such as star-
vation or anorexia  [  96  ] . In contrast, levels are low following 
feeds and in obesity. Ghrelin is a central neurohormonal reg-
ulator of food intake and energy homeostasis and serves as a 
signal for initiation of feeding. The usual premeal increase in 
levels is not observed in gastric bypass patients and may be 
one of the reasons for the effectiveness of gastric bypass sur-
gery in inducing weight loss  [  94–  97  ] . In old mice, the release 
and synthesis of ghrelin seem to be higher compared to that 
in younger mice, explained by compensation for decline of 

receptor functions  [  98  ] . Ghrelin levels may also decline with 
aging, and partially explain anorexia in the older adult  [  99  ] .  

   Motilin 

 Motilin is a 22 amino acid peptide produced by endocrine 
cells of duodenal epithelium and regulates propulsive con-
tractions from the antero-duodenal region to the distal gut. 
Alterations in gastric motor activity and serum motilin are 
not related to acid secretory capacity, rather to other altera-
tions in neurohormonal control in the aged  [  100  ] . Drugs may 
serve as motilin agonists to cause abdominal discomfort and 
diarrhea.  

   Leptin 

 Leptin is a protein with 167 amino acids secreted primarily 
by adipocytes; small amounts are produced by the chief cells 
of the stomach. Its function is primarily to decrease food 
intake. Blood leptin levels re fl ect total body fat stores. Leptin 
“resistance” in obesity occurs at the level of the blood–brain 
barrier. Peripherally, leptin acts in synergy with CCK to 
reduce meal size. Blood levels of leptin increase with obe-
sity, especially in sleep apneic patients and correlate with 
total fat content; they increase with fasting, stress, and sleep 
deprivation.  H. pylori  infection in patients over 75 years has 
been associated with decreased gastric leptin and ghrelin and 
plasma ghrelin levels  [  101  ] . Neuronal nitric acid synthase 
may be the pathway through which proin fl ammatory cytok-
ines cause anorexia, and certainly for leptin. Leptin levels 
remain unchanged with age.  

   Oxyntomodulin 

 This is a hormone that has received recent attention. 
Oxyntomodulin is a 37 amino acid peptide with several 
actions; these include inhibition of gastric emptying, acid 
secretion and food intake, and stimulation of intestinal glu-
cose uptake and insulin secretion  [  83  ] . It also induces satiety 
and increases energy expenditure  [  83  ] . When administered 
to humans, it caused weight loss through a reduction in 
caloric intake and increase in energy expenditure.  

   Clinical Application 

 The Baltimore Longitudinal Study of Aging compared 
healthy “long-lived” individuals (at least 90 years old) with 
“short-lived” persons (72–76 years), with samples collected 
between 58 and 70 years. Levels were obtained for ghrelin, 
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leptin, insulin, interleukin 6, testosterone, and adinopectin. 
None of the single biomarkers were signi fi cantly different, 
but after combining information from multiple biomarkers, 
the global score differentiated the two groups  [  102  ] . In 
another study, after weight loss induced by a very low energy 
diet in overweight or obese patients without diabetes, circu-
lating levels of gut hormones were examined. The levels of 
ghrlein, GIP, and PP increased, whereas the levels of leptin, 
peptide YY, CCK, amylin, and insulin declined. This may 
call for strategies in long-term management to prevent recur-
rence of weight gain following diet-induced loss  [  103  ] . 

 In summary, GI hormone changes in healthy aging result 
in minimal to no impairment, while the impact may be dif-
ferent in the ill, frail, and homeostenotic states. On the other 
hand, there may be an emerging role for gut hormones in the 
management of satiety, gut motility, nutrient absorption, 
energy handling, and managing disorders involving energy 
homeostasis  [  83  ]  (Table  5.3 ).  

 Figure  5.1  summarizes the sites and actions of gut 
hormones.    

   Hepato-Biliary System 

 Liver volume decreases with age, with a decline in size but 
not in the number of hepatocytes. Minor alterations in serum 
alanine aminotransferase (ALT) are noted. In women, levels 
continue to increase with age, whereas in men levels increase 
up to around 50 years  [  104  ] . In the frail old, ALT levels dem-
onstrate a bell-shaped curve with lower levels in the old-old 
 [  105  ] . Although liver function is little altered, there is a 
 general decline in the P450 enzyme system in animals  [  105  ] . 

Of note, a greater decline occurs in the activity of rapid 
 metabolism. The fact that age minimally alters liver physiol-
ogy is supported by the fact that livers from donors over age 
80 years are transplanted satisfactorily. 

 The biliary duct is marginally dilated with age, a result of 
increased connective tissue; the upper limit for normal is 
8.5 mm  [  106,   107  ] . Lithogenicity of bile salts increases and 
leads to a propensity to form gallstones. The prevalence of 
cholelithiasis increases; however, gall bladder contractions 
are not affected by age. 

   Clinical Application 

 Marked alteration in liver function raises the possibility of 
diseases including drug-induced liver injury. Evaluation of 
abnormal liver function must include a medication review to 
minimize needless evaluation. Alterations in P450 system 
in fl uence metabolism of numerous medications, additionally 
in fl uenced by individual variability in enzyme activity with 
aging; some microsomal enzymes, such as CYP3A are more 
affected than others  [  105  ] . 

 While several physiological changes have been described, 
one must reiterate that most age-related alterations will have 
little impact on function. Gastrointestinal dysfunction may 
be the result of physiological or structural changes in the GI 
tract or age-related diseases such as tumor, neurological or 
in fl ammatory diseases, malnutrition, or the effect of medica-
tions  [  108  ]  (Table  5.4 ). Often, there is a chronic subclinical 
in fl ammation, with the intestine serving as a source of sig-
nals that amplify local and systemic in fl ammation  [  109  ] . 
Several manifestations seldom result solely from aging and 

   Table 5.3    Aging and gastrointestinal hormones   

 Hormone  Function  Effect of aging 

 Gastrin  Stimulates gastric acid secretion  No change with healthy aging 
 Cholecystokinin  Stimulates gallbladder contraction and pancreatic enzyme 

secretion 
 Increase in endogenous CCK, but 
gall bladder sensitivity is decreased 

 Secretin  Stimulates pancreatic bicarbonate secretion  Unknown 
 Vasoactive intestinal polypeptide (VIP)  Stimulates intracellular cAMP  Unknown 
 Glucagon-like peptide (GLP-1)  Participates in incretin effect. Inhibits gastric emptying, 

gastric acid secretion and food intake. Promotes satiety 
 No change 

 Glucose-dependent insulin-releasing 
polypeptide (GIP) 

 Participates in incretin effect. Inhibits gastric emptying, 
gastric acid secretion and food intake. Promotes satiety 

 No change 

 Glucagon  Promotes gluconeogenesis, glycogenolysis, and lipolysis  No change 
 Pancreatic polypeptide  Inhibits pancreatic exocrine secretion and gut motility  Increase 
 Somatostatin  Inhibits gut secretion and intestinal motility  Increase 
 Motilin  Stimulates gastric emptying  Increase 
 Leptin  Reduces food intake  No change 
 Ghrelin  Increases food intake, induces weight gain, and stimulates 

growth hormone 
 Decline   ? 

 Oxyntomodulin  Inhibits gastric emptying, acid secretion, and food intake. 
Induces satiety and increases glucose uptake and energy 
expenditure 

 Unknown 
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  Fig. 5.1    Principal gut hormones, site of production, and major physiological actions       
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are an indication for an evaluation to determine an etiology 
(Table  5.5 ).   

  Key Points 

    Age-related physiological changes in the GI tract are min-• 
imal and by themselves are not impediments to daily 
living.  
  Gastrointestinal dysfunction is most often the result of • 
age-associated primary disorders of the GI tract or sys-
temic disease.  
  Medications often alter gastrointestinal function; adverse • 
drug effects must be addressed before needless testing 
and evaluation.  
  Because of therapeutic options for disease states (as • 
opposed to physiological changes), a differential diagnosis 
and evaluation is often required in most older persons.  

  Several common disorders such as anorexia, dysphagia, • 
constipation, diarrhea, and malabsorption, all common in 
the old, do not result solely from aging.  
  Age has little signi fi cant effect on gastric acid secretion, • 
gastric emptying, and small intestinal transit time. Older 
individuals may have slower colonic transit than the young.  
  Most gastrointestinal hormonal changes with age and • 
their effects on body function are subtle; however, gut 
physiology may play a role in several gut manifestations 
seen in older age.  
  The physiological effects of gut hormones may be utilized • 
in future in the treatment of disorders such as type 2 dia-
betes mellitus.           
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    Introduction 

 The United States and the world over progressively comprise 
a signi fi cantly larger proportion of older individuals. For the 
purposes of this chapter, the terms “older adult” and “elderly” 
de fi ne persons 65 years or    older. In 2000, almost 35 million 
individuals in the United States were aged 65 and older, a 
group representing about half the total costs of healthcare. 
By 2030, almost 20% of the US population will be 65 years 
or older and are estimated to consume 75% of healthcare 
resources and subsequent costs. Table  6.1  displays the US 
Census data that tracks the growth of older cohorts and pro-
vides projections of their population representation in future 
years  [  1  ] . It is important to note that the greatest increase 
occurs among the “older” old—those aged 75–84 and 85 and 
over  [  2  ] . This chapter presents an overview of the epidemiol-
ogy and unique features of benign and malignant gastroin-
testinal (GI) conditions in the geriatric population. While the 
chapter focuses on diseases in the United States, the infor-
mation may be applicable to most developed nations.   

   Benign Disorders of the Gastrointestinal Tract 

 Numerous ailments that prevail during old age impact the 
gastrointestinal tract  [  3  ] . Conditions characteristically 
observed in the geriatric age group that affect gastrointestinal 

motility and pathology are presented in Table  6.2 . The 
disease burden and mortality in the elderly are much higher 
compared to those in the general population; Tables  6.3 ,  6.4 , 
and  6.5  depict the US rates of ambulatory visits, hospital dis-
charges, and death rates, respectively, for common gastroin-
testinal    diseases. The elderly constitute about 13% of the US 
population but account for 25–30% of all ambulatory care 
visits and hospital discharges, and 40–90% of all deaths 
related to gastrointestinal diseases.     

   Swallowing Disorders and Gastroesophageal 
Re fl ux 

 Symptoms commonly observed in older individuals include 
dysphagia, odynophagia, and dyspepsia due to the prepon-
derance of neurological and neuromuscular diseases such as 
Parkinson’s disease, amyotrophic lateral sclerosis, and cere-
brovascular accidents  [  4  ] . Gastroesophageal re fl ux disease 
(GERD) is highly prevalent in the elderly and may be asymp-
tomatic or present with atypical symptoms including asthma, 
hoarseness, chronic cough, sinusitis, halitosis, dental caries, 
chest pain, and sinus arrhythmia, all of which may be mis-
taken for other disorders in the old  [  5–  8  ] . Older adults with 
intense symptoms of pyrosis demonstrate considerably 
greater esophageal mucosal damage (esophagitis, Barrett’s) 
than the young  [  9  ] . Laparoscopic anti-re fl ux surgery is safe 
and effective in the geriatric age group  [  10  ] .  

   Peptic Ulcer Disease, Upper Gastrointestinal 
Bleeding, and Gastroparesis 

 Peptic ulcer disease is a more serious entity in the old than 
that in the young because of the presence of more risk factors 
and complications, such as bleeding and perforation  [  11  ] . 
Nonsteroidal anti-in fl ammatory drug (NSAID)-induced 
ulcer disease is more prevalent, frequently more fatal, and 
atypical symptoms often delay diagnosis and treatment in 
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the old  [  12  ] . The gastric mucosa undergoes changes with 
age, most speci fi cally in quantity of gastric acid secretion, 
predisposing to the common occurrence of  Helicobacter 
pylori  ( H. pylori ) infection, although the testing for it is 
infrequently undertaken  [  13  ] . Additionally, eradicating  H. 
pylori  with the standard triple therapy to decrease the risk of 
ulcer recurrence is a challenge in the elderly due to the unde-
sirable side effects of the medications including  Clostridium 
dif fi cile -associated diarrhea, aspiration pneumonia, hip frac-
tures, nutrient de fi ciencies, and others  [  14  ] . 

 As in the young, more than half of all cases of acute upper 
gastrointestinal bleeding in patients over age 60 are caused 

by peptic ulcer disease  [  15  ] . However, multiple risk factors 
for GI bleeding often correlate to older age. In a study of 
5,888 noninstitutionalized men and women aged 65 years 
and older in four US communities enrolled in the 
Cardiovascular Health Study, factors associated with GI 
bleeding requiring hospitalization included advanced age, 
male sex, unmarried status, cardiovascular disease, dif fi culty 
with activities of daily living, and use of multiple medica-
tions including oral anticoagulants  [  16  ] . Additionally, the 
combination of peptic ulcer disease with esophagitis and 
gastritis accounts for 70–91% of hospital admissions for 
upper gastrointestinal bleeding in the elderly  [  17  ] . 

   Table 6.1    The US population projections according to the US Census 
data, to July 1, 2030   

 Day/year  Total population 
 Population 
65+ years of age 

 % of population 
65+ years of age 

 July 1, 2010  308,935,581  40,243,713  13.0 
 July 1, 2015  322,365,787  46,790,727  14.5 
 July 1, 2020  335,804,546  54,631,891  16.3 
 July 1, 2025  349,439,199  63,523,732  18.2 
 July 1, 2030  363,584,435  71,453,471  19.7 

  Data derived and adapted from  [  1  ]   

   Table 6.2    Conditions common in the geriatric population and associ-
ated with gastrointestinal dysfunction or pathology   

 Organ system  Condition  Gastrointestinal effect 

 Neurologic  Transient ischemic attack 
 Cerebrovascular accident 
 Parkinson’s syndrome 
 Alzheimer’s disease 
 Amyotrophic lateral 
sclerosis 
 Peripheral neuropathies 

 Decreased peristalsis, 
dysphagia. aspiration, 
delayed gastric 
emptying, altered 
understanding of normal 
bowel habits 

 Endocrine/
metabolic 

 Diabetes mellitus 
 Hypothyroidism 
 Thyrotoxic myopathy 
 Amyloidosis 

 Dysphagia, delayed 
gastric emptying, 
increased whole gut/
colonic transit time, 
anorexia, alterations in 
appetite, malabsorption, 
intestinal bacterial 
overgrowth 

 Neuropsychiatric  Depression 

 Dementia 

 Chronic constipation, 
including medication 
induced 
 Medication-induced 
nausea, vomiting, weight 
loss, constipation 

 Cardiac  Congestive heart failure  Congestive hepatopathy, 
ischemic hepatitis, 
malabsorption 

 Musculoskeletal  Physical inactivity  Constipation, fecal 
impaction 

 Renal  Chronic kidney disease  Delayed gastric 
emptying, nausea 

 Pulmonary  COPD, emphysema  Nausea, constipation 

   Table 6.3    Rates of ambulatory care visits ( fi rst-listed diagnosis) for 
common gastrointestinal disorders in the United States, 2004   

 Disorder 

 Number of
visits a  (all 
age groups)  Rate b  

 Number of 
visits a  (over 
age 65 years)  Rate b  

 Gastroesophageal re fl ux 
disease 

 6,849  2,332  1,611  4,433 

 Peptic ulcer disease  712  243  295  812 
 Liver disease  1,373  468  358  986 
 Gallstones  1,299  442  321  883 
 Pancreatitis  475  162  101  279 
 Abdominal wall hernia  3,742  1,274  976  2,686 
 Irritable bowel syndrome  1,605  547  469  1,290 
 Chronic constipation  3,149  1,072  880  2,423 
 Diverticular disease  1,864  635  947  2,607 
 Hemorrhoids  2,036  693  387  1,065 

  Data presented is adapted from  [  2  ] . Data in this publication was 
compiled from various government sources 
 Rates for the above diseases as all-listed diagnosis for ambulatory 
care visits were about 1.5–3 times higher than those for  fi rst-listed 
   diagnosis 
  a Number in thousands 
  b Rate per 100,000  

   Table 6.4    Rates of hospital discharges ( fi rst-listed diagnosis) for 
common gastrointestinal disorders in the United States, 2004   

 Disorder 

 Number of 
visits a  (all 
age groups)  Rate b  

 Number of
visits a  (over age 
65 years)  Rate b  

 Peptic ulcer disease  181  62  104  285 
 Liver disease  185  63  47  129 
 Gallstones  352  120  124  341 
 Pancreatitis  277  94  72  197 
 Abdominal wall hernia  163  55  69  189 
 Appendicitis  298  101  21  59 
 Diverticular disease  313  107  173  477 
 Crohn’s disease  57  19  7  18 
 Ulcerative colitis  35  12  8  23 

  Data presented is adapted from  [  2  ] . Data in this publication was com-
piled from various government sources 
 Number and rates for the above diseases as all-listed diagnosis for hos-
pital discharges were about 1.5–3 times higher than those for  fi rst-listed 
   diagnosis 
  a Number in thousands 
  b Rate per 100,000  
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 Gastroparesis and delayed gastric emptying are consider-
ably more common in the elderly due, in large part, to the high 
prevalence of type II diabetes mellitus and its characteristic 
autonomic neuropathy  [  18,   19  ] . Chronic kidney disease, 
depression, and hypothyroidism also contribute to slower rates 
of GI transit and impaired gastric emptying  [  20  ] . Nutritional 
anemias need to be addressed in the aged, because their under-
lying causes, more often related to malabsorption than to 
dietary intake, require individualized evaluation  [  21  ] . Iron-
de fi ciency anemia is frequently caused by iron losses accom-
panying chronic bleeding, from gastric pathologies, intestinal 
parasites, or malabsorption in older individuals. Colorectal 
cancer may present as iron-de fi ciency anemia, although it is 
important to remember that the prevalence of colorectal carci-
noma in the elderly is high in symptomatic patients (e.g., 
hematochezia, change in bowel habits, etc.) irrespective of the 
presence of anemia  [  22  ] . Vitamin B12 (cobalamin) de fi ciency 
can occur at all ages, with a slight predilection for the geriatric 
cohort; it most commonly results from food-cobalamin mal-
absorption, and not always related to de fi ciency of intrinsic 
factor, characteristic of pernicious anemia  [  21  ] .  

   Pancreatitis 

 The incidence and mortality from acute pancreatitis increase 
with age. In older adults, gallstone and idiopathic etiologies 
predominate, whereas alcohol is a more common cause of 
acute pancreatitis in the 35–64-year age group. In a US study, 
the mortality from acute pancreatitis was twofold higher 
in the 65–74-year group, and  fi vefold higher in the 75 

plus group compared to the 55–64 age group  [  23  ] . The 
corresponding mortality differences for the older groups 
would be much higher compared to the below-55-year group, 
since death rates for these groups are signi fi cantly lower than 
those aged 55–64 years  [  23  ] . Similar to acute pancreatitis, 
the etiologic pro fi le and symptomatology for chronic pan-
creatitis in older adults differ from those in individuals below 
65 years of    age. Idiopathic chronic pancreatitis is the most 
common form of the disease in the elderly, and is less symp-
tomatic compared with alcoholic chronic pancreatitis  [  24  ] .  

   Abdominal Hernia, Celiac Disease, 
and In fl ammatory Bowel Disease 

 Abdominal wall hernias are particularly prevalent in older 
individuals due to decreased muscle mass and decreased ten-
sile strength of connective tissue. Abdominal hernias often 
go unnoticed and untreated in older cohorts due to vague or 
misleading signs and symptoms, but emergency surgery for 
incarceration is associated with increased morbidity in the 
aged  [  25  ] . A prospective US study of abdominal hernia repair 
suggested that independent risk factors for wound infection 
and longer hospital stay included COPD, low preoperative 
serum albumin, coronary artery disease, and steroid use  [  26  ] . 

 While often considered a disease entity of the young, 20% 
of all cases of celiac disease are diagnosed in people aged 60 
or older  [  27  ] ; anemia and symptoms of malabsorption should 
warrant antibody testing for celiac because accurate diagnosis 
in this age group is often signi fi cantly delayed  [  28  ] . Of simi-
lar clinical relevance, 15% of all cases of in fl ammatory bowel 
disease (IBD) are diagnosed in the over-65-year group  [  29  ] . 
Patients of advanced age may present with classic IBD symp-
toms but carry a broader differential diagnosis. Older adults 
with Crohn’s disease were less likely to have cramps and 
abdominal pain than younger patients in one study, but they 
had notably decreased lag time in diagnosis due to earlier 
presentation to their general practitioner and more rapid 
referral to a specialist  [  30  ] . Medical and surgical treatment 
options for IBD are the same, regardless of age. Osteoporosis 
is a frequent side effect of corticosteroid treatment for IBD, 
prompting bone mineral density monitoring in the elderly, who 
are already at a heightened risk for declining bone mass  [  29  ] .  

   Gastrointestinal Infections 

 Bacterial overgrowth and  C. dif fi cile  infection are two com-
mon and potentially life-threatening disorders in the old due 
to their greater rates of hospitalization and immobilization. 
Institutionalized elderly are particularly prone to gastrointes-
tinal infections, but the manifestations may not be overt  [  31  ] . 

   Table 6.5    Rates of death (primary cause) due to common gastrointes-
tinal disorders in the United States, 2004   

 Disorder 

 Total deaths 
(all age 
groups)  Rate a  

 Total deaths a  
(over age 
65 years)  Rate a  

 Peptic ulcer disease  3,692  1.3  2,921  8.0 

 Liver disease  36,090  12.3  13,620  37.5 
 Gallstones  1,092  0.4  924  2.5 

 Pancreatitis  3,480  1.2  1,953  5.4 

 Abdominal wall hernia  1,172  0.4  922  2.5 

 Appendicitis  453  0.2  304  0.8 

 Diverticular disease  3,372  1.1  3,027  8.3 

 Crohn’s disease  622  0.2  356  1.0 

 Ulcerative colitis  311  0.1  238  0.7 

  Data presented is adapted from  [  2  ] . Data in this publication was com-
piled from various government sources 
 Mortality rates as primary or secondary cause of death for the above 
diseases were about 1.5–3 times higher in the over 65 year group com-
pared to the primary cause of death in all age groups 
  a Per 100,000 population  
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 C. dif fi cile  infection in the geriatric age group results from 
multiple factors, including changes in fecal microbiota, 
immune senescence, prolonged antibiotic use, and nasogas-
tric or parenteral feedings  [  32  ] . Most patients with  C. dif fi cile  
colitis recover spontaneously, although  C. dif fi cile -associated 
diarrhea can be serious and debilitating with a mortality 
rate as high as 25% in the frail old  [  33,   34  ] . Increased admis-
sions and virulence for  C. dif fi cile  are re fl ected in rising mor-
tality rates over the past decade, especially in the “older” old 
 [  35–  37  ] .  

   Diverticular Disease 

 While 5% or fewer of individuals under 40 have diverticular 
disease, 65% or more older adults likely experience it, the 
majority asymptomatic, until a complication occurs  [  38  ] . 
In Western countries, diverticular disease mainly affects the 
left colon, and is associated with alterations in colonic wall 
resistance, disordered colonic motility, and diminished 
dietary  fi ber consumption  [  38,   39  ] . Endoscopic, radiologic, 
and surgical advances have enhanced therapy for diverticular 
diseases  [  40  ] ; while most patients admitted with acute diver-
ticulitis respond to conservative treatment, 15–30% require 
surgery  [  38  ] . In addition to age, predictive factors for severe 
diverticulitis include gender, obesity, and immunode fi ciency 
 [  38  ] . Mortality rates due to diverticular disease are over 
seven times greater in the elderly compared to the general 
population due in large part to co-morbidities in the surgical 
setting and medical complications including stricture, 
obstruction, abscess formation, and free perforation which 
may result in life-threatening peritonitis  [  39,   41  ] .   

   Gastrointestinal Cancers 

 Malignant neoplasms occur with greater frequency with 
advancing age. Phenomena such as the accumulation of DNA 
damage and dysfunctional proteins are common to the aging 
process and cancer. Carcinogenesis and aging similarly 
involve alterations in metabolism and immunosenescence, 
hypermethylation of promoters, and telomere shortening  [  42  ] . 
A signi fi cant duration of chronic in fl ammation underlies 
many GI cancers, for instance chronic hepatitis B or C and 
hepatocellular carcinoma or chronic pancreatitis and pancre-
atic cancer  [  43,   44  ] . In addressing the treatment strategy of a 
gastrointestinal malignancy, age should not be the only 
parameter assessed, with management decisions following 
the same principles as in the young. Older adults must undergo 
a meticulous medical evaluation to de fi ne patient risks and to 
optimize surgical, chemotherapeutic, and palliative outcomes 
 [  45  ] . Importantly, recovery and progress of older patients 
treated as in-patients can be complicated by psychological 

co-morbidities, including delirium and depression, as well 
as by poor nutrition, deterioration in physical strength, and 
adverse drug reactions  [  15  ] . 

 Tables  6.6  and  6.7  provide age-comparative information 
regarding GI cancers based on recent Surveillance 
Epidemiology and End Results Data (SEER). Table  6.8  
shows the median age of diagnosis and death for common GI 
cancers, which is highly skewed towards the aged.    

 Esophageal cancer in the United States presents in two 
major forms—adenocarcinoma and squamous cell carcinoma. 
Rates of esophageal adenocarcinoma have risen in recent years 
due to their association with GERD and Barrett’s esophagus, 
with the increased prevalence of overweight and obesity 
driving the elevated incidence  [  48–  50  ] . Squamous cell 

   Table 6.6    Cancer incidence rates per 100,000 US population in 2007, 
based on SEER data   

 <65 years 
of age 

 65+ years 
of age 

 Overall age-adjusted 
incidence 

 Esophagus  1.69  22.68  4.5 
 Stomach  2.95  39.29  7.8 
 Liver/intrahepatic 
bile duct 

 3.94  29.69  6.9 

 Gallbladder  0.36  6.91 
 Pancreas  3.85  65.59  11.7 
 Small intestine  0.90  8.62  1.9 
 Colon  18.00  235.67  47.9 

  Data derived from  [  46  ]   

   Table 6.7    The US rates (in %) for digestive tract cancer incidence by 
organ, SEER data 2003–2007   

 <65 years of age  65+ years of age 

 Esophagus  36.9  63.1 
 Stomach  36.4  63.6 
 Liver/intrahepatic 
bile duct 

 52.0  48.0 

 Pancreas  32.0  68.0 
 Small intestine  45.1  54.9 
 Colon  36.6  63.4 
 Anus  59.2  40.8 

  Data derived from  [  47  ]   

   Table 6.8    Median age at diagnosis of cancer and median age at death, 
SEER data 2003–   2007   

 Median age at diagnosis  Median age at death 

 Esophagus  68  69 
 Stomach  70  73 
 Liver/intrahepatic 
bile duct 

 64  69 

 Pancreas  72  73 
 Small intestine  66  71 
 Colon and rectum  70  75 
 Anus  60  65 

  Data derived from  [  47  ]   
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carcinoma is predominantly related to older age, male gender, 
cigarette smoking, and heavy alcohol consumption. 

 A recent pooled analysis of eight  fi rst-line trials including 
a total 367 patients investigated whether older adults with 
metastatic esophageal, gastroesophageal, and gastric cancer 
respond to chemotherapy as well as their younger counter-
parts  [  51  ] . Although rates of neutropenia, fatigue, infection, 
and stomatitis were signi fi cantly higher among older com-
pared to younger patients, overall survival, progression-free 
survival, and duration of chemotherapy were comparable. 
Other data indicate that the elderly with gastric cancer expe-
rience the same advantages and toxicities of chemotherapy 
as the young  [  45  ] . While taking into account comorbidity,  fi t 
older adults should be candidates for standard surgical resec-
tion and perioperative chemotherapy or postoperative chemo-
radiotherapy for locally advanced disease. 

 Pancreatic adenocarcinoma is characteristically a disease 
of older individuals and younger age at onset often is a har-
binger of a hereditary cause for this cancer  [  52  ] . The 5-year 
survival rate of pancreatic cancer is an abysmal 5%, with the 
majority of individuals diagnosed with locally or regionally 
metastatic disease  [  53  ] . Unfortunately, patients who undergo 
surgery are often not healthy enough to receive adjuvant treat-
ment, which can prolong overall and disease-free survival 
 [  54  ] . Similar to pancreatic cancer, rates of colorectal cancer 
are higher among men than women and greatest among blacks 
compared to whites and other racial or ethnic groups. Use of 
NSAIDs is known to decrease the incidence of colonic polyps 
 [  55  ] , but the side effects, including upper gastrointestinal 
bleeding and serious cardiovascular events such as myocar-
dial infarction, heart failure, hemorrhagic stroke, and renal 
disease, render their use particularly risky in the geriatric pop-
ulation with preexisting heart or kidney disease; furthermore, 
these patients may also be on anticoagulants  [  56  ] . 

 Advancing age is the strongest determinant of the 
prevalence of adenomatous colonic polyps  [  57  ]  and colon 
polyps have been found in 33% of completely asymptom-
atic patients who are aged 65–75 years at screening 
colonoscopy  [  58  ] . The age at which to stop screening for 
colorectal cancer has not met with consensus opinion, 
although physicians may consider clinical factors, such as 
age, life expectancy, co-morbidities, and functional status, 
as well as individual factors, such as personality, previous 
screening behavior, family support, and their relationship 
with the patient, in their screening recommendations  [  59  ] . 
Treatment recommendations for older colon cancer patients 
have been evolving to incorporate the same standards of 
treatment as for younger patients. For instance, recent evi-
dence indicates that elderly patients may bene fi t from sim-
ilar postsurgical chemotherapy with 5-FU without a 
signi fi cant increase in toxicity compared with their younger 
counterparts  [  60  ] . 

  Key Points 

    Neurologic, endocrine, neuropsychiatric, cardiac, musculo-• 
skeletal, renal, and pulmonary diseases have signi fi cant dele-
terious effects on the gastrointestinal system of older adults.  
   • C. dif fi cile  infection in the geriatric age group is a growing 
problem, often a consequence of altered fecal microbiota, 
immune senescence, prolonged antibiotic use, and naso-
gastric or parenteral feedings; mortality rates are particularly 
high in the debilitated aged.  
  About 15% of all cases of IBD are diagnosed in people • 
aged 65 and over and, while they may have fewer presenting 
symptoms, treatment options are similar to the young.  
  Alcohol is a less common etiology of pancreatitis in older • 
adults compared to the young.  
  The majority of older adults have asymptomatic diverticular • 
disease; gender, obesity, and immunode fi ciency all predict 
a more severe disease course.  
  Malignant neoplasms of the gastrointestinal tract are • 
signi fi cantly more likely to occur in older age; management 
decisions follow the same principles as in the young to opti-
mize surgical, chemotherapeutic, and palliative outcomes.          
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 Comorbidities and medical complexities are common in older 
adults. Many in the geriatric age group receive suboptimal care 
at high health care costs; nowhere is the inadequacy of health 
care more evident than in this age group  [  1,   2  ] . Ideally, the 
health needs of geriatric patients must be addressed both com-
prehensively and ef fi ciently, and patients must be encouraged 
to be active partners in their own care  [  1–  3  ] . Efforts continue to 
prepare physicians to care for the growing elderly, with the 
American Geriatrics Society (AGS), the American Medical 
Association, and the Council for Medical Specialty Societies 
addressing the need to understand elder care, as the number of 
geriatricians are inadequate to meet demands  [  4  ] . The American 
Gastroenterological Association Future Trends Committee 
Report suggests the need for greater awareness on the part of 
gastroenterologists about issues unique to the older adult  [  5  ] . 

   The Concept of Comprehensive Geriatric 
Assessment 

 Comprehensive geriatric assessment (CGA) refers to a team-
based approach to the older patient that is feasible in multiple 
settings. Over 15 successful CGA models have been described 
that supplement primary care or add to ambulatory care, 
long-term care, day care, home care or even inpatient and 
transitional care  [  2,   6,   7  ] . The ef fi ciency and applicability of 
CGA has been demonstrated in the emergency department 
 [  6  ] , orthopedic unit  [  8  ] , oncology setting  [  9  ] , and in older 
patients with chronic kidney disease  [  10  ] . Key components 
of care in these settings have included health assessment, 

disease management, preventive care, case management, 
pharmaceutical care, rehabilitation, caregiver support, transi-
tional care, and interdisciplinary care  [  3  ] . Many models can 
improve outcomes and have been adopted widely in clinical 
practice with good patient acceptability  [  2,   11  ] . The concept 
and utility of CGA has been addressed by the AGS and in 
several reviews  [  12–  22  ] .  

   CGA Is a Team Approach 

 CGA uses a team approach, the process being described 
interchangeably as either “interdisciplinary” or “multidis-
ciplinary,” although the two descriptions are not truly the 
same. A  multidisciplinary approach  utilizes a group of 
health care workers of different disciplines with comple-
mentary skills to meet the individual’s speci fi c objectives in 
a coordinated manner. These professionals work indepen-
dently and interact informally; assessments are performed 
separately  [  23  ] . Multidisciplinary teams may meet in the 
absence of the patient. The  interdisciplinary approach  
involves the integration of separate disciplines with the 
goal of working interdependently and formally in the same 
setting. Here a group of health care professionals performs 
separate assessments, but shares patient information in a 
systematic but explicitly collaborative manner  [  23  ] . The 
 interdisciplinary  patient-centered approach may provide 
an advantage over the  multidisciplinary  approach. 

 The team members for CGA are tailored to the patient’s 
needs and setting. In general, the team is led by the primary 
care physician or geriatrician, with the core comprised of a 
physiatrist, nurse, and psychosocial worker. Extended team 
members may include specialists such as the gastroenterolo-
gist, nephrologist, rheumatologist, psychiatrist, neurologist, 
pharmacist, and others. Effective communication between 
the primary care physician and the specialists is required to 
improve care coordination  [  23,   24  ]  (Table  7.1 ).  

 Consultations can be provided in any setting including the 
hospital  [  25  ]  and the community. Bene fi ts of CGA include 
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identi fi cation and treatment of common and frequently 
ignored conditions in the geriatric patient, including inconti-
nence, gait imbalance, falls, cognitive impairment, and sen-
sory impairment. Although several drugs may be discontinued 
to minimize polypharmacy, newly diagnosed entities may 
result in the use of additional medications  [  26  ] .  

   Elements of Assessment 

 The goals of CGA are to promote function, independence, 
and most importantly improved quality of life. Broad domains 
addressed are physical, cognitive, and psychosocial. A major 
thrust is towards prevention (primary, secondary, and ter-
tiary); screening principles are consistent with guidelines; 
meticulous examination is likely to detect disease, both overt 
and that not readily apparent  [  18,   19  ] . The theme of CGA is 
patient-centered. The elements of CGA are depicted in 
Fig.  7.1  and the domains detailed in Table  7.2 .   

 The approach in CGA includes an understanding of overall 
life expectancy to incorporate the appropriate evidence-based 
care as applicable. Short-term issues attempt restoration of pre-
vious state of health; midrange issues provide preventive care 
and identify geriatric syndromes; long-term issues require 
planning for eventual decline and end of life care  [  27  ] .  

   History and Evaluation 

 The value of the periodic health examination is justi fi ed in 
clinical practice; it improves delivery of recommended ser-
vices and lessens patient worry  [  28  ] . The initial history and 
examination may be time consuming and cumbersome to the 
geriatric patient. It may be therefore reasonable and appro-
priate to spread the evaluation over two or more visits. The 
history may be obtained from the patient, caregiver or both; 

   Table 7.1    Comprehensive geriatric assessment (CGA): the multidisci-
plinary team members a    

 Physician (or geriatrician) 
 Psychosocial worker 
 Physiatrist 
  Physical therapist 
  Occupational therapist 
 Specialist based on indication 
   Gastroenterologist, nephrologist, orthopedist, physiatrist, 

cardiologist, etc. 
 Nurse 
 Nutritionist 
 Geropsychiatrist 
 Consultant pharmacist 
 Pastoral or spiritual care representative 
 Extended care disciplines based on individual need 
  Podiatrist 
  Speech and swallow specialist 
  Dentist 
  Psychologist 
  Audiologist 
  Legal representative (for directives) 

   a Team members differ based on setting and patient pro fi le  

  Fig. 7.1    Elements of 
comprehensive geriatric 
assessment       
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in the presence of cognitive impairment, the discussion with 
the caregiver may take place separately to correlate the story. 
In addition to the standard medical examination, one must 
review the medications, comment on activities of daily living 
(ADL) and instrumental activities of daily living (IADL), 
assess for neglect or mistreatment, determine immunization 
history, assess mobility, determine cognition, and look for 
signs of depression or anxiety. 

 In the United States, Medicare bene fi ciaries (typically 
aged 65 or more) have the opportunity for a one-time “Initial 
Preventive Physical Examination” (also termed the Welcome 
to Medicare visit) within 12 months of receiving Medicare 
bene fi ts  [  29  ] . Thereafter, patients are entitled to an Annual 
Wellness Visit to focus on preventive services  [  30  ] . 

 Attention to communication strategies is important when 
interacting with older adults. The basics require use of a 
well-lit examination area with minimal glare and avoidance 

of extraneous noise, as sensory de fi cits are common in 
older people. Conversation must be nonhurried, clear, and 
appropriate in volume. Speakers must take care to avoid 
covering the face, as the hearing impaired tend to compre-
hend speech by reading lip movements. One may need to 
write questions; repeat remarks should utilize distinctly dif-
ferent words, sentences, and expressions to improve patient 
understanding  [  12  ] . 

 Contrary to common belief, older persons under-report 
illness and do not complain perhaps as much as they should. 
Under-reporting is a result of several factors, including 
decreased awareness, denial, depression and fear of conse-
quences including costs, institutionalization, or hospitaliza-
tion. The beliefs that problems are inevitable with aging or 
that nothing can be done are often contributory.  

   Medication Review and Reconciliation 

 Following the history and examination, a review of pre-
scribed and over-the-counter medications is indicated at the 
initial visit. Medications require reconciliation in all relevant 
settings including follow-up visits, hospital admission, hos-
pital discharge, and at transfers to and between facilities or 
physician of fi ces. Reconciliation can reduce inappropriate 
medication use, polypharmacy and the potential for adverse 
drug events  [  31,   32  ] . The Beers criteria provide a list of 
potentially inappropriate medications for older adults  [  33  ] . 
Medication adherence can be improved by use of systematic 
monitoring and follow-up, patient education, and use of care 
teams  [  34  ] . Over-the-counter medications, herbals, supple-
ments, and mega-vitamins contribute to interactions and 
adverse events. The United States Preventive Services Task 
Force (USPSTF) has concluded that evidence is insuf fi cient 
to recommend for or against use of routine vitamins A, C, E, 
folic acid, and antioxidants to prevent cancer or cardiovascu-
lar disease and recommends against the use of beta-carotene 
supplements.  

   Psychosocial Assessment 

 The social assessment includes ethnic, cultural, and social 
elements, including evaluation of caregiver status and burden, 
home environment, and economic well-being  [  12  ] . Detection 
of clues for unmet needs or neglect, judging visiting nurse 
requirements, and assessment of home safety are consider-
ations in this category  [  12  ] . These interventions can also iden-
tify the available social resources for the patient; those socially 
isolated are not surprisingly at risk for poor health outcomes. 

 Quality of life is given importance in geriatric patients; 
their preferences are given priority in determining health 
care and goals. Older adults’ (and perhaps caregiver) beliefs 

   Table 7.2    Multidisciplinary competencies in the care of older adults   

 Domain 1: health promotion and safety 
   Promote physical and mental health, nutrition, function, safety, 

independence, and quality of life 
  Advocate for screening, immunizations, and health promotion 
   Assess risks and barriers including falls, elder abuse, and 

mistreatment 
  Recognize the appropriate use of medications 
   Understand the indications, contraindications, risks of physical, and 

pharmacological restraints 
 Domain 2: evaluation and assessment 
  De fi ne the purpose and components of interdisciplinary CGA 
  Understand physical, cognitive, psychological, and social changes 
   Learn the use of valid tools to assess cognition, mood, physical 

function, nutrition, and pain 
  Demonstrate knowledge of signs and symptoms of delirium 
   Develop communication strategies to overcome limitations in the old 
 Domain 3: care planning and coordination 
  Understand the care across the spectrum including end-of-life care 
   Make recommendations based on best evidence, modify to patient 

preferences 
  Develop advance care plans based on patient preferences 
 Domain 4: interdisciplinary and team care 
   Communicate and collaborate with older adults, caregivers, and 

healthcare professionals to use disease-speci fi c information towards 
the goal of positive outcomes 

 Domain 5: caregiver support 
  Assess caregiver knowledge and expectations; assist as needed 
  Evaluate continued appropriateness of care plans and services 
 Domain 6: healthcare systems and bene fi ts 
  Serve as an advocate for older adults and caregivers 
   Provide knowledge of healthcare programs such as Medicare and 

Medicaid, and continuum of care services and support in the relevant 
setting: community, nursing home, hospital, assisted living, and 
hospice 

   Source : Partnership for Health in Aging (PHA) and American Geriatrics 
Society (AGS), March 2010  
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differ markedly when chronological age and physiological 
age or function in a given individual are taken into account; 
added to this is the impact from religious beliefs, cultural 
background, education, and social factors. Following the 
patient’s wishes enhances adherence to management and the 
overall quality of life  [  12  ] .  

   Advance Directives 

 Advance care planning must be routinely offered to patients 
by health care providers. Although a large number of deaths 
occur in hospitals, currently only about a third of patients 
who enter hospitals have advance directives (ADs). Barriers 
to implementing ADs include attitudes towards “end of life” 
discussions and “time constraints;” culture, race, education 
and religious beliefs are also in fl uential. Regulations demand 
that we document information on patient preferences. ADs 
include a living will or a Health Care Proxy; the latter pre-
ferred. ADs are invaluable resources to a health care profes-
sional when confronted by a life-threatening situation, end 
of life care, or when a decision regarding a surgical proce-
dure or endoscopy has to be made  [  35,   36  ] . Assessment of 
the patient’s capacity is always the  fi rst step. In the absence 
of capacity and an available AD, the Family Health Care 
Decisions Act may be invoked, to enable decision making 
by a relative or friend.  

   End of Life Care 

 Most patients prefer to die at home rather than at the hospi-
tal. In general, it is widely assumed that more medical care 
through tests and procedures translates into better outcomes, 
but evidence suggests otherwise. It is not age or cognitive 
function that must determine whether to provide comfort 
care or aggressive care, but rather the individual patient’s 
articulated goals following a meaningful discussion of prog-
nosis, risks, bene fi ts, and alternatives, including impact on 
quality of life  [  37  ] . Health care must be consistent with the 
patient’s wishes.  

   Prevention Is Effective 

 Preventive approaches are generally effective and are recom-
mended for all age groups. However, measures are individu-
alized, taking into account the bene fi ts, harms, and costs of 
interventions  [  38  ] . Recommendations have also been subject 
to biases; and multiple guidelines on the same topic may 
carry different recommendations  [  39  ] . 

  Primary prevention  refers to interventions in asymptom-
atic persons who lack clinical evidence of target conditions 

and are designed to prevent occurrence of disease  [  18  ] . 
 Secondary prevention  includes screening tests for the early 
detection of disease in the preclinical or asymptomatic state 
and is designed to prevent signi fi cant morbidity  [  19  ] .  Tertiary 
prevention  aims to reduce the negative impact of established 
disease through restoration of function and reduction of 
additional complications. While all forms of prevention 
apply to the geriatric population, each form of prevention has 
a greater impact in certain age groups. Examples of broad 
preventive categories are listed in Table  7.3 .  

   Table 7.3    Preventive health care: broad categories   

 Primary prevention 
  Immunization 
   Pneumococcal vaccination 
   In fl uenza vaccination 
   Herpes zoster vaccination 
   Tetanus, diphtheria, pertussis vaccines 
  Counseling 
   Diet 
   Dental health 
   Physical activity 
   Prevention of falls and fractures 
   Tobacco use 
   Alcohol and drug use 
   Behavior counseling for skin cancer 
  Activity 
   Exercise: aerobic, resistance, balance 
  Chemoprophylaxis 
   Aspirin therapy for prevention of coronary artery disease 
   Oseltamivir for the prevention of in fl uenza 
  Safety-related 
   Falls and unintentional injuries 
   Water heater temperature 
   Smoke detectors 
   Driving (or bicycle)-related safety 
 Secondary prevention: Use of measure or screen for 
   Aspirin (for secondary prevention of stroke and coronary artery 

disease) 
  Cognitive impairment 
  Depression and anxiety 
  Visual disorders 
  Hearing impairment 
  Diabetes mellitus 
  Hyperlipidemia 
  Peripheral arterial disease 
  Abdominal aortic aneurysm 
  Osteoporosis 
  Elder abuse and self-neglect 
  Tuberculosis 
  Cancer: colorectal, breast, cervix, skin 
 Tertiary prevention: examples, applicable to 
   Post hip fracture surgery 
   Post stroke rehabilitation 
   Parkinson’s disease 
   Following lower extremity amputation 
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   Counseling 

  Counseling , as a physician competency for prescribing life style 
medicine is effective in all stages of health  [  40  ] ; it is an effective 
strategy to prevent as well as manage several disorders in the 
geriatric population. Leading causes of death in the U.S. are 
related to lifestyle and include tobacco use, poor diet, physical 
inactivity, and excessive alcohol use  [  40  ] . Lifestyle counseling 
competencies for primary physicians include knowledge, 
assessment skills, management skills, and the use of community 
support to provide additional leverage  [  40  ] . 

 Imparting advice pertinent to  dietary components  and a 
healthy balanced diet must relate to the 2010 dietary guide-
lines  [  41  ] . Recent recommendations have cut down the daily 
sodium intake to 1,500 mg from the previous threshold of 
2,300 mg/day for adults aged 51 and over, and for those with 
diabetes, hypertension, or chronic kidney disease  [  41  ] . Much 
of the ingested salt originates from processed food. In a 
recent study of over 500,000 U.S. adults aged 50–71 years, 
followed for a mean 9 years, dietary  fi ber appeared to reduce 
the risk of death from infections, cardiovascular, and respira-
tory disease  [  42  ] . The Mediterranean and DASH (Dietary 
Approach to Stop Hypertension) diets have been favorably 
perceived in promoting health. 

 Similarly,  maintaining physical activity  in conjunction 
with diet and other life style factors produces favorable 
results  [  43,   44  ] . Physical function declines with age; physi-
cal activity improves outcomes for almost every category of 
illness, including cardiovascular disease, dementia, depres-
sion, diabetes, hyperlipidemia, obesity, deep vein thrombo-
sis, osteoporosis, deconditioning, and others. The exercise 
prescription must be tailored to the individual; medical eval-
uation may be indicated prior to beginning an exercise pro-
gram. Warning signs during activity such as lightheadedness, 
palpitation, and chest pain must be taken seriously and 
addressed  [  43  ] . Walking is a commonly accepted and safe 
form of exercise, although patients are encouraged to partici-
pate in the activity of their liking. A little activity is always 
better than none, and more is better than less. Moving more 
and sitting a little less are complementary in optimizing 
health and function in future years and can even delay age-
associated cognitive decline  [  45  ] . 

 The 2008 Federal guidelines recommend adults to per-
form 150 min a week of moderate intensity (or 75 min of 
vigorous intensity) aerobic physical activity, preferably 
spread throughout the week and in at least 10 min episodes 
 [  46  ] . In those with limitations, exercise can be broken down 
into a few minutes of activity (e.g., walking) several times a 
day. Moderate intensity activity includes brisk walking, 
cycling, dancing, and gardening; one should be able to talk 
but not sing during the activity. Exercises may be aerobic, 
balance, or resistance type, based on indication and should 
be performed in safe walking areas, using proper apparel and 

shoes. Lack of time, lack of facilities, lack of knowledge, and 
most importantly lack of motivation are common barriers 
that need to be overcome strategically  [  47  ] . A recent meta-
analysis, in fact, the  fi rst study to provide quantitative data 
supporting the 2008 guidelines, showed that 150 min of 
moderately intense physical activity lowers coronary heart 
disease risk by 14% and 300 min by 20%  [  48  ] . The risks 
were modestly lower at higher exercise levels. The study 
con fi rms that some physical activity is better than none and 
additional bene fi ts occur with more physical activity, with 
the “biggest bang for the buck” at the lower end with very 
modest physical activity  [  48  ] . 

 Contraindications to exercise include recent myocardial 
infarction or unstable angina, unstable cardiac arrhythmias, 
uncontrolled hypertension, tight aortic stenosis, decompen-
sated heart failure, uncontrolled metabolic disorders (e.g., 
diabetes, some abnormal thyroid function states), and other 
serious illness. A combination of weight loss through dietary 
intervention and exercise provides greater improvement in 
physical function than either intervention alone  [  49  ] . 

 Controlled trials suggest counseling for the increased use 
of  sun-protective behavior  and sunscreens that may help pre-
vent skin cancer  [  50  ] . 

 In addition, counseling includes enquiry about  tobacco 
and alcohol use . Smoking cessation counseling must be 
offered to all smokers and include information on the con-
sequences of smoking and strategies to stop the behavior. 
The message must be brief, unambiguous, and informative 
and include follow-up  [  18,   51  ] . Bene fi ts are noted even if 
one quits after age 70. Currently available  fi rst-line treat-
ments include nicotine replacement, bupropion, and varen-
icline  [  52  ] . Alcoholism is not uncommon in the elderly. 
It causes systems disease, negatively impacts judgment and 
driving skills, and contributes to injuries and deaths. 
Chronic alcoholism is a signi fi cant cause of gastrointestinal 
bleeding and liver disease  [  18  ] . Patients should be made 
aware of the consequences of alcoholism and limits must 
be set on amounts used. 

  Dental health  must be addressed, as decayed or missing 
teeth are common in older age. A signi fi cant number of the 
elderly are edentulous (see Chap.   45     on oral health). 

  Falls prevention  is currently a performance improve-
ment measure in hospitals and institutions  [  53  ] . Falls can 
be reduced by exercise and physical therapy interventions 
(13%), vitamin D (17%), and a multifactorial risk assess-
ment (11%)  [  53  ] . Medications may be contributory and 
must be reviewed. Falls are often multifactorial in basis. 
Use of a fall prevention tool kit reduced rate of falls in 
acute care hospitals  [  54  ] . Clinical practice guidelines for 
falls prevention introduced recently by the American and 
British Geriatrics Societies have stressed the importance 
of routinely questioning every patient about falls in the 
past year; if the history suggests that a fall occurred, gait 
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and balance evaluation is indicated with further multifac-
torial assessment as needed  [  55  ] . The occurrence of two or 
more falls with presence of gait imbalance suggests the 
need for further assessment. The evaluation also seeks to 
verify the distance a patient can walk, if safely and whether 
assistance is needed  [  56  ] . The most common risk factors 
include medications (especially anti-psychotics and seda-
tive hypnotics), visual impairment, musculoskeletal disor-
ders, vitamin D de fi ciency, and environmental disorders 
(Table  7.4 ).  

  Unintentional injuries  are common in the old and nega-
tively impact con fi dence and quality of life. Injuries, falls, 
and motor vehicle accidents are leading causes of death. Use 
of a safe temperature for water heaters (120°F) and working 
smoke detectors in homes and the use of using safety belts or 
helmets are recommended  [  18  ] . 

 Assessment of  driving skills  and counseling where indi-
cated is considered a preventive measure Driving is a means 
of maintaining independence; however, verifying that the 
older adult is a safe driver is relevant if risk is posed to 
safety of the patient or those around. Where necessary, the 
help of a motor vehicles rehabilitation specialist may be 
sought for thorough driving assessment  [  57  ] . State laws 
vary and some states require physicians to report unsafe 
drivers to the motor vehicles department. Table  7.5  provides 
a synopsis.   

   Immunizations 

 The adult i mmunization schedule  endorsed by the American 
College of Physicians (ACP) applies to persons 19 years and 
older. In fl uenza is common in older adults and associated 
with morbidity, hospitalizations, and mortality. The recom-
mendation schedule has been now expanded to annual 
administration of the seasonal inactivated vaccine with 3 
viruses, including 2 Type A and 1 Type B (15  m g/dose) for all 
adults. A high-dose vaccine introduced in 2010 containing 
the same three strains but with four times the antigen (60  m g/
dose) to boost immune response has not clearly demonstrated 
increased ef fi cacy in older adults. Disadvantages include 
local reactions and increased cost  [  58,   59  ] . The revaccination 
strategy for pneumococcal vaccine has been clari fi ed to 
include persons below age 65 with high-risk conditions, if 5 
years have elapsed since the last dose. The vaccine is safe, 
with little to no reactions; the 23 valent vaccine covers 

   Table 7.4    An approach to the patient with falls (adapted from refs. 
 [  53–  56  ] )   

 Falls are not a consequence solely from aging 
 Incident rates higher in nursing home and hospital compared to 
community 
 Most falls are multifactorial in origin 
 Verify if the patient sustained a fall in the past year; if “yes” 
  Ask about frequency and circumstances of the fall 
  Evaluate gait and balance 
 If gait or balance is abnormal or if there are multiple falls, the patient 
requires a multifactorial fall risk assessment 
 Focused history in relation to fall must include 
  Circumstances, frequency, associated symptoms, consequences 
  Medication review: prescribed and over-the-counter 
  Relevant risk factors: acute and chronic disorder 
 Gait and balance evaluation 
  Get up and go test 
  Functional reach test 
  Nudge on the sternum or back 
  Romberg’s sign 
  Tandem walking 
 Physical examination for 
  Neurological function 
  Musculoskeletal examination, including strength of lower limbs 
  Cardiovascular status 
  Visual acuity 
  Feet examination (including footwear) 
 Determine the possible cause of fall from 
  Intrinsic factors: disorders in the patient 
  Medications and their impact 
  Environmental factors at the site of fall 
  A combination of the above 
 Interventions may involve multiple disciplines 
  Address illness, medications, environment 
  Involve specialists and other disciplines as indicated 
   Neurologist, physiatrist, ophthalmologist, etc. 
   Occupational or physical therapist, homecare nurse, pharmacist 

   Table 7.5    The older driver (adapted from refs.  [  12,   18,   57  ] )   

 Issue of safety 
   Number of crashes and injury in older adults is higher than any age 

group except 16–24-year-olds 
 Risk factors for driving accidents 
  Older age (especially over 85 years) 
  Reduced vision: maximum sensory input for driving is visual 
  Cognitive impairment 
  Impaired hearing 
  Impaired musculoskeletal function 
  Depression 
 High-risk medications 
  Sedative hynotics, muscle relaxants, narcotics, etc. 
  Alcohol 
 Responsibility 
  Discuss risk with patient and caregiver 
   Reduce risk by minimizing driving at night, during rush hour, and 

during bad weather 
  Refer for appropriate evaluation, based on impairment 
  If at high risk, consider recommendation to cease driving 
  Provider responsibility guided by state laws and local DMV 
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75–90% of all pneumococcal disease cases. Tetanus, diph-
theria, pertussis (Tdap) is termed a “family affair” as house 
hold members transmit the majority of infections to infants; 
persons over age 65 in contact with young children should 
receive a single dose of Tdap  [  58  ] . Other adults over age 65 
may also receive Tdap boosters; Td booster is offered every 
10 years  [  59  ]  (Table  7.6 ).  

 A goal in prevention is to emphatically encourage immu-
nization, a theme that holds true not only for older adults but 
also for health care workers  [  58  ] . While the strength of the 
immune response may be suboptimal in the old, vaccines do 
help to lower the intensity of illness, hospitalization, and 
mortality. 

 Hormone replacement therapy with estrogen and pro-
gestin is now considered to be more harmful than bene fi cial, 
as noted in the Women’s Health Initiative Trial in 2002. 
The bene fi ts for reducing risk of fracture are outweighed by 

the increased risk for venous thromboembolism, arterial 
thrombosis, breast cancer, and cholecystitis  [  60  ] . Unopposed 
estrogen and combination hormone therapy appears carci-
nogenic; while there may be a role for short-term use of 
estrogen for menopausal symptoms, questions remain 
regarding safety  [  61  ] .   

   Secondary Prevention 

 Screening to recognize a variety of diseases in their sub-
clinical state is the principle in secondary prevention. 
Several common disorders such as chronic obstructive lung 
disease, lung cancer, and ovarian cancer do not demon-
strate bene fi t from screening in the elderly. Furthermore, 
not all societies agree on screening approaches, as noted 
with colon, breast and prostate cancer. The chapter will 
offer guidelines recommended by the USPSTF and other 
societies where applicable. As not every guideline is pre-
sented here, the reader is encouraged to obtain additional 
information of interest. 

  Screening for dementia  is generally recommended on the 
grounds that cognitive impairment is often unrecognized by 
health providers until it is clearly advanced and that demen-
tia poses risks to patient, caregiver, and others  [  62  ]  (Table  7.7 ). 
A  fi rm diagnosis of dementia offers an opportunity to explain 
to the patient and caregiver the anticipated alteration in 
function (ADL, IADL, intellectual functioning) and future 
care plans  [  62  ] . The status also helps plan and implement 
advance directives, current medical options, and end of life 

   Table 7.6    Immunizations in older adults (adapted from refs.  [  58,   59  ] )   

 In fl uenza vaccine 
  Seasonal vaccine indicated for all adults, once a year 
  Is a trivalent, inactivated vaccine (15  m g) 
  High-dose vaccine (60  m g) licensed in 2010 for those >65 years 
  Intranasal form not indicated for those over age 49 years 
  Intradermal vaccine (9  m g) introduced in 2011 
  Protection begins in about 2 weeks 
  Contraindication: anaphylaxis to egg protein or thimerosal 
 Pneumococcal vaccine 
   Single dose protects against 23 types of  Streptococcus pneumoniae  
  Contraindications: practically none 
  Indicated in all adults: single dose after age 65 years 
   Revaccinate one time, if  fi rst dose provided before age 65 and 5 

years have elapsed 
   Indicated before age 65 if there is evidence of any of the following: 

chronic lung or heart disease, diabetes, chronic liver disease, 
alcoholism, functional or anatomic asplenia, prior to elective 
splenectomy, nephrotic syndrome, immune-suppressed states 

 Herpes zoster vaccine 
  Single-dose zoster vaccine for adults aged 60 and older 
  Recommended regardless of prior history of herpes zoster 
  Contraindicated in immune-suppressed persons 
  Decreases likelihood for herpes zoster and postherpetic neuralgia 
 Tetanus, diphtheria, and acellular pertussis (Tdap) vaccine 
  Single dose of Tdap, followed by Td booster every 10 years 
   Adults >65 in contact with infants, who have not received prior 

Tdap, must be vaccinated, regardless of interval of last tetanus or 
Td vaccine 

   If uncertain history, complete a three vaccine series (over 6–12 
months) 

 Other vaccines 
   Varicella: all adults who lack evidence of immunity receive two doses 
   Hepatitis A and B: indication based on risk factors hepatitis B 

vaccine recommended in diabetics 60 and older based on physician 
discretion 

  Meningococcal vaccine: if risk factors present 

   Table 7.7    The importance of assessing cognition in older adults 
(adapted from refs.  [  62–  64  ] )   

 Cognitive impairment is common in older adults 
 Patient is unlikely to volunteer, and in fact, may deny the problem 
 Dementia often escapes attention and is under-recognized 
 To distinguish age-related mild cognitive decline from dementia 
 To distinguish dementia from depression and delirium 
 Implications of under-recognition 
  Affects decision making: relates to capacity and competence 
  May lead to nonadherence to recommendations 
  Dementia increases caregiver burden 
  Safety of patient and others may be jeopardized 
  Victimization may be an issue 
 Suggest screening in certain situations 
  Older age, especially >75 years 
   History of delirium, depression, diabetes mellitus, Parkinson’s 

disease, unexplained loss of function 
   Preoperative or preprocedure evaluation, to assess capacity and 

obtain informed consent 
 Screening tests for cognition are not diagnostic by themselves and 
are an adjunct to clinical assessment and judgment 
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care  [  63,   64  ] . Understanding cognitive status is vital in also 
planning feeding and nutritional support including the place-
ment of a feeding tube, as well as also other surgical or gas-
trointestinal procedures, and to assess capacity and obtain 
informed consent. An intermediate state of cognitive func-
tion between that associated with aging and dementia is 
termed mild cognitive impairment (MCI); the estimated 
prevalence of MCI is 10–20% in the over 65-year group  [  65  ] .  

 Most providers use at least one instrument for cognitive 
screening, with the Folstein Mini-Mental State Examination 
(MMSE) the most commonly used  [  66  ] . The MMSE tests 
 fi ve sections including orientation, registration, attention and 
calculation, recall, and language for a total of 30 points, but 
does have limitations in that the score is affected by educa-
tion, culture, and sensory impairments  [  66  ] . The test corre-
lates well with the easier to administer Mini-Cog  [  67  ]  which 
combines a three-item delayed word recall test and the Clock 
Drawing Test  [  68  ]  and widely captures cognitive dysfunc-
tion. The sensitivity and speci fi city for the MMSE are 76% 
and 89% vs. 79% and 88% for the Mini-Cog, respectively; 
the latter is less biased by low literacy  [  69  ] . The Montreal 
Cognitive Assessment is gaining credibility due to improve-
ment in sensitivity and lesser bias from cultural and educa-
tional factors  [  63  ]  (Table  7.8 ).  

  Depression  is common in the old and may be attributable 
to circumstances; primary care physicians are encouraged to 
routinely screen for depression utilizing simple questions 
such as: “Are you basically satis fi ed with your life? Are you 
happy most of the time? Do you often feel sad or depressed?” 
Unexplained weight loss or anorexia may be a clue. The 
Geriatric Depression Scale short form offers a 15-question 
tool with yes/no answers, with a score over 5 suggesting 
depression  [  70,   71  ] . Affective domains also requiring evalu-
ation include anxiety and hostility  [  71  ] . 

  Visual impairment  is also common in the geriatric age 
group and account for many unintentional injuries, falls, and 
poor quality of life. The most prevalent disorders beside 
refractory errors include glaucoma, macular degeneration, 
and diabetic retinopathy  [  72  ]  (Table  7.9 ).  

  Hearing impairment  increases in prevalence to over 
80% in those aged 80 years and older. Older adults often 
fail to perceive their impairment and do not bother to rec-
tify the problem, with only few wearing hearing aids. Age-
related hearing loss is bilateral, gradual, and progressive. 
Hearing impairment is a cause of impaired quality of life, 
with many older adults falsely judged to have cognitive 
impairment. The USPSTF, in 1996, recommended screen-
ing for hearing loss in those 50 and older, but now seeks 
additional evidence to justify its universal application to 
this age group. Clear links to improved health outcomes 
are lacking at this time  [  73  ] . 

  Osteoporosis i s a bone disorder that increases with age; 
it is a silent disease, until fractures arise, resulting in much 

morbidity. While current screening guidelines stated by 
the USPSTF have differed and are listed in Table  7.10  
 [  74  ] . In general, groups for whom screening appears indi-
cated include all women over age 65 and men over 70 
regardless of risk factors, and women aged 50–69 at 
greater than average risk  [  75  ] . The World Health 
Organization has made available a computer-based frac-
ture risk assessment tool (FRAX) to estimate the 10-year 
probability of major osteoporotic fractures in the 40–90 
year age group. Items include age, sex, height, weight, 
ethnicity, femoral neck bone mineral density (optional), in 
addition to history of previous fracture, parent with hip 
fracture, smoking, alcohol use, steroid use, and rheuma-
toid arthritis  [  75  ] . The frequency with which to follow 
patients with repeat studies such as dual energy x’ray 
absorptiometry and the duration of therapy of osteoporo-
sis with bisphosphonates are topics of much discussion 
today, with clear data driven directions pending.  

  Diabetes : screening recommendations endorsed by the 
USPSTF  [  76  ]  and American Diabetes Association (ADA) 
 [  77  ]  differ. The ADA now promotes hemoglobin A1c as a 
screening test, with a cut-off point of 6.5%; prediabetes is 
de fi ned as 5.7–6.4% and denotes increased risk for developing 

   Table 7.8    Instruments to screen for dementia (adapted from refs. 
 [  63–  69,   95,   96  ] )   

 Mini-Mental State Examination (MMSE)  [  66  ]  
  Widely used, administered in about 10 min 
  Score below 24 (out of 30) abnormal 
  Range: <21 increases and >25 decreases odds of dementia 
  In advanced dementia, patient may be dif fi cult to test 
   Scores in fl uenced by education, culture, language, and 

impairments 
  Score must be taken in conjunction with clinical assessment 
 Three-item recall 
  Recall three items (for e.g., apple, pony, quarter) 
  3 Points score negative for dementia; 0 points suggest dementia 
 Clock drawing test  [  68  ]  
   Draw a clock, place the numbers correctly and the hands of the 

clock at a suggested time (e.g., 10 past 10) 
  Maximum score 5 points, normal score 4–5 points 
 Mini-Cog test  [  67  ]  
  Combines three item recall and clock drawing test 
  Less affected by ethnicity 
 Montreal Cognitive Assessment (MoCA)  [  95  ]  
  May be superior in sensitivity and speci fi city to MMSE 
   Designed to be sensitive for mild cognitive impairment; takes 

10 min to administer 
  In primary care, threshold of 26 appears optimal 
   Covers eight cognitive domains (visuo-spatial, naming, memory, 

attention, recall, language, abstraction, orientation) 
 The Sweet 16  [  96  ]  
  Simple, quick to administer 
  Scores <14 correlates with MMSE <24 
  Demonstrates sensitivity of 80% and speci fi city of 70% 
  Does not include items that may be biased against low education 
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diabetes  [  77  ] . The A1c test measures average blood glucose 
levels for a period of up to 3 months, and in the past was used 
only to monitor diabetes control. Most guidelines agree on the 
target HbA1c goal of <7%, with the AGS recommending a 
target <8% for the frail old. The USPSTF guidelines are more 
restrictive and do not support screening for diabetes in normo-
tensives  [  76  ] . 

 Screening for  dyslipidemia  is generally recommended in 
adults over age 20 and moderate evidence supports screening 
the older adult over 65 years; the USPSTF recommends 
screening men >35 and women >45 years with increased risk 
for coronary artery disease. 

  Abdominal aortic aneurysms  (AAAs) are associated with 
signi fi cant mortality when the aneurysms rupture, although 
most do not. The most important reversible risk factor is smok-
ing, with cigarette smoking accounting for the majority of 
aneurysms larger than 4 cm in diameter. AAAs are more com-
mon in men than women and increase with age. The USPSTF 
recommends one-time screening using abdominal ultrasonog-
raphy in male “ever smokers,” aged 65–75 years  [  78  ] . Details 
are provided in chapter 68. 

 Screening for  hypertension  in adults is worthwhile. 
Hypertension coexists with common disorders in the elderly 

   Table 7.9    Visual loss in older adults (adapted from ref.  [  72  ] )   

 Risk factors for impaired vision 
  Older age 
  Exposure to sunlight, radiation 
  Smoking and alcohol 
  Diabetes mellitus 
  Use of corticosteroids 
 Common disorders of vision 
  Diabetic retinopathy: proliferative and nonproliferative 
  Cataracts: among the most common reasons for surgery 
  Macular degeneration 
   Loss of central vision 
   More in Caucasians 
  Glaucoma 
   Loss of peripheral vision 
    Predisposition: blacks, hypertension, steroid use, myopia, diabetes 
  Refractory errors 
 Visual impairment predisposes to 
  Safety impairment 
  Driving accidents 
  Falls 
  Impaired quality of life 
 Screen 
  Screening questions are not as accurate as visual acuity testing 
  Annual screen for visual acuity (C21) 
  Of fi ce testing 
   Snellen chart (normal 6/6 or 20/20) 
   Jaeger card: held 14 in. from eye 
   Diabetics require annual evaluation and more often in presence of 

retinopathy 

   Table 7.10    Screening in older adults: the noncancerous disorders   

 Hearing loss  [  73  ]  
   Uncertain whether screening of asymptomatic adults aged 50 and 

older will lead to better health outcomes 
 Osteoporosis  [  74,   75  ]  
   Screening test: dual energy X-ray absorptiometry of hip and lumbar 

spine 
  Women 
   Age  ³ 65 years without prior fractures or secondary osteoporosis 
    Age <65 years with 10-year-old fracture risk equal to or greater 

than a 65-year-old White woman with average risk 
  Men 
    Current evidence insuf fi cient to assess the balance of bene fi ts and 

harms of screening 
    Men without previous known fractures or secondary causes of 

osteoporosis: no recommendation (insuf fi cient evidence) 
 Diabetes  [  76,   77  ]  
   Diabetes: de fi ned as A1c level 6.5% or higher (American Diabetes 

Association)  [  77  ]  
   Prediabetes (increased risk for diabetes): de fi ned as A1c 5.7–6.4% 

 [  77  ]  
   Target goal for HbA1c <7% for most adults; <8% for frail old 

(AGS) 
   The USPSTF recommends screening for diabetes in asymptom-

atic adults with blood pressure >135/80 mmHg; balance of 
bene fi ts and harms for screening are unclear in those with BP 
<135/80 mmHg  [  76  ]  

 Hypertension  [  79  ]  
  Screen for high blood pressure in adults age 18 or older 
  Screen every 2 years if <120/80 mmHg; screen annually if higher 
 Thyroid disease 
   USPSTF guidelines being updated; recommendations vary with 

society 
   Because of low costs of tests and common occurrence of hyper and 

hypothyroidism, may screen with serum thyrotropin assay every 
2–5 years 

 Depression  [  70  ]  
  Consider screening annually 
   Instrument: Geriatric Depression Scale (short form: normal score 

0–5) 
 Abdominal aortic aneurysm  [  78  ]  
   Ultrasonography for screening and follow-up for change in size of 

aneurysm 
   Indicated one time, in male ever smokers, between 65 and 75 years 

age 
 Urinary abnormalities (USPSTF) 
  Periodic screening for hematuria and proteinuria prudent 
   Screening not recommended for asymptomatic bacteriuria or 

diabetes 
 Elder mistreatment and neglect  [  80,   81  ]  
  May be physical, neglect,  fi nancial, sexual, or verbal 
   Risk factors and presentation may be suggestive; screening is 

debated 
 Chronic obstructive pulmonary disease  [  82  ]  
  Spirometry may be obtained to diagnose air fl ow obstruction 
  Screening not recommended in those without respiratory symptoms 
 Hyperlipidemia 
   Fasting lipid pro fi le in adults over age 20 and thereafter every 5 years 
  Moderate evidence supports screening adults over 65 years 
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such as diabetes, coronary artery disease, and hyperlipi-
demia. Screening is suggested every 2 years if the blood 
pressure is below 120/80 mmHg and annually if levels are 
higher  [  79  ] . 

 It is important that older adults be screened for  elder mis-
treatment , a common but under-recognized condition, espe-
cially in those who are frail. Mistreatment encompasses a range 
of behaviors including  fi nancial, physical, emotional,  fi duciary 
and sexual abuse, and self-neglect  [  80,   81  ] . Elder abuse exists in 
community and other settings and is associated with increased 
morbidity and mortality. Health care professionals should take 
steps to report the matter to Adult Protective Services when 
reasonable suspicion arises; failure to report can lead to legal 
consequences  [  80  ] . Reasons for under-reporting include lack of 
knowledge, losing patient rapport, patient denial, and doubts 
about the intervention. The question of screening is debated. 
While the USPSTF has not endorsed screening for elder abuse, 
the World Health Organization encourages primary providers to 
discuss the matter with patients. 

  Lung disease : While spirometry is used to diagnose 
air fl ow obstruction in those with respiratory symptoms, it is 
not used to screen for air fl ow obstruction in those without 
respiratory symptoms  [  82  ]  (Table  7.10 ). 

   Screening for Cancer 

 The optimal frequency and timing for  breast cancer  screen-
ing has become controversial in recent years  [  83  ] . A recent 
study suggested that mammography screening be personal-
ized based on a woman’s age, breast density, history of 
positive breast biopsy, family history, and personal beliefs 
with regards to screening and treatment  [  84  ] . The USPSTF 
suggested that there is moderate certainty that the net bene fi t 
is small for women in their 40s and false positives were 
higher than if screening were initiated at 50 years  [  85  ] . 
Screening may be concluded between 69 and 79 years for 
women of average health. Biennial screening averts 80% 
deaths averted by annual screening  [  85  ] . The bene fi ts and 
potential harms of mammographic screening, frequency of 
screening, and the continuation of screening after age 74 
continue to be debated; and recommendations are inconsis-
tent between organizations  [  86  ] . However, it is clear that the 
value of clinical breast examination is less than ultrasound 
or MRI  [  87  ] . Some societies do not recommend self-exam-
ination at all. Risk factors must be given consideration in 
decision making and include genetic factors, family history, 
therapeutic radiation, hormonal factors, smoking and alco-
hol consumption, postmenopausal obesity, white race, and 
breast density  [  88  ] . 

 Screening for  cervical cancer  may be discontinued after 
age 65, if three previous Pap smears have been negative and 
the patient is not otherwise at higher risk due to medical 

history. In practice, many older women do not recollect 
their past experience with screening for cervical cancer and 
may require screening if they have an intact uterus  [  72  ] . 

 While the value of  colorectal cancer  screening in preven-
tive health care is well established  [  89  ] , the age at which to 
discontinue or not offer screening is controversial; CRC 
screening is detailed in chapter 58. There is no evidence at 
present to recommend screening for  ovarian cancer  through 
the use of imaging or tumor markers such as CA-125. 

 Screening for  prostate cancer  is not recommended above 
age 75 years. In 2008, the USPSTF determined that there is 
insuf fi cient evidence for routine screening in the below 75 age 
group as well, based on the USPSTF recommendations 
 [  72,   90  ] . These recommendations have been endorsed by the 
AGS and ACP. However, recently, the USPSTF updated their 
recommendations and have stated that prostate-speci fi c anti-
gen (PSA)-based screening results in small or no reduction in 
prostate cancer-speci fi c morality and is associated with harm 
related to subsequent evaluations and treatments  [  91  ] . The rec-
ommendation against routine PSA screening is now extended 
to all men and carries a D rating, denoting no bene fi ts or more 
harm than bene fi ts  [  91  ] . If screening is offered, it must follow 
a frank discussion with the patient on risks, bene fi ts, and alter-
natives. Other organizations differ in their recommendations 
with the American Cancer Society and American Urological 
Association recommending annual PSA measurements and 
digital rectal examination in men after the age of 50. 

 The value of low-dose CT scan and chest radiography in 
screening for lung cancer has not been substantiated 
speci fi cally in the elderly. The recent National Lung 
Screening Trial (NLST) involving 53,454 current and former 
smokers aged 66–74 years showed a 20% reduction in lung 
cancer-speci fi c deaths in the low-dose CT group (vs. chest 
radiography group  [  92  ] ). Low-dose CT screening in select 
high-risk individuals 55–74 years appears bene fi cial 
(International Early Lung Cancer Action Program). Although 
encouraging, the recommendation to adopt lung cancer 
screening in practice is not clear  [  93  ]  (Table  7.11 ).   

   Other Common Disorders    

  Urinalysis for presence of protein and blood  is prudent peri-
odically. Urine screen for asymptomatic bacteriuria is not 
recommended, nor is periodic urine culture for surveillance 
in a person with an indwelling catheter. Screening for  ane-
mia ,  B12 de fi ciency ,  and thyroid disorders  may be per-
formed based on clinical judgment and prudence; these 
conditions are common in older adults, and testing is easy. 
Recommendations vary by organization. 

 Ultimately, care should be balanced. Quality indicators in 
the future need to factor life expectancy and encourage more 
appropriate care, rather than just more care. Older adults are 
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the highest consumers of health care, but providers must 
prevent unintended harm  [  94  ] . 

 Table  7.12  provides a means to document relevant infor-
mation pertinent to CGA.    

   Caregiver Support and Burden 

 The caregiver is often forgotten. The question is: “who will 
care for the caregiver?” Providers must work closely with 
the caregiver and provide the necessary education to under-
stand the disease, management options, strategies to care for 
the demented or frail old, and decision making in dif fi cult 
situations, as for example, in severe Alzheimer’s dementia. 
Caregiver stress and burden are problematic and real; care-
givers have a higher likelihood of suffering from depression, 
musculoskeletal disorders, and hypertension. Discussions in 
a timely manner should include the anticipated course of 
illness to provide time for arrangements such as long-term 
care placement or death. Support groups, counseling ser-
vices, and respite care are helpful options that may be 
provided. 

  Key Points 

    Comprehensive geriatric assessment (CGA) encompasses • 
multiple domains including physical, psychosocial, and 
functional areas.  
  Health assessment encompasses evaluation for common • 
disorders in geriatrics, including but not limited to 
visual and hearing impairment, musculoskeletal disor-
ders, falls, cognitive impairment, depression, elder 
abuse, osteoporosis, incontinence, impaired gait and 
balance, and cardiac, renal, pulmonary, and gastrointes-
tinal disease.  
  Primary providers must offer a variety of preventive health • 
services including timely immunizations and must 
develop competence in counseling patients with regard to 
life style interventions.  
  Medication review, reconciliation, and minimizing polyp-• 
harmacy help improve outcomes.  
  The approach should be to assess life expectancy, • 
implement advance directives, and target health care 
pertinent to health status, stage of life, and patient 
preferences.  
  Psychosocial assessment including ethnic, cultural, and • 
spiritual aspects must not be forgotten.  
  Utilizing clinical practice guidelines is suggested; how-• 
ever, recommendations are not consistent and often need 
to be tailored to particular patients and situations.  
  Successful CGA is dependent on utilizing several mem-• 
bers of a multi or interdisciplinary team.  
  Improvement of function and quality of life are the para-• 
mount goals in most geriatric patients.  
  Caregiver stress and burden are common; and must not be • 
ignored.          

   Table 7.11    Screening for cancer in older adults   

 Colorectal cancer  [  89  ]  
   CRC screening includes cancer prevention and detection (American 

College of Gastroenterology Guidelines, 2008) 
    Preferred prevention test: colonoscopy every 10 years, beginning 

at age 50, and at age 45 in African Americans 
    Alternative prevention:  fl exible sigmoidoscopy and CT colonogra-

phy every 5–10 years 
   Cancer detection: preferred test is annual FOBT 
   The USPSTF recommends against ever screening those aged over 

85 years and against routine screening of those >75 years  [  72  ]  
 Prostate cancer  [  72,   90,   91  ]  
   Insuf fi cient evidence for or against routine screening through use of 

prostate-speci fi c antigen in men <75 years (USPSTF)  [  90  ]  
  Recommend against routine PSA screening in men (USPSTF)  [  91  ]  
   Most likely to bene fi t: men 50–70 years and men >45 with 

increased risk (black Americans and family history) (American 
Urological Association) 

  Men with life expectancy <10 years are unlikely to bene fi t 
 Breast cancer  [  72,   83–  88  ]  
  Consider personalized risk-based screening 
   USPSTF recommends that women in the 40–49 years make 

individualized decisions for screening as more false positives occur 
in this population vs. beginning at age 50. No recommendation for 
those 75 and older. Decision to screen should be based on patient 
values regarding bene fi ts and harms 

   Screening may conclude between 69 and 79, in women of average 
health 

   Biennial screening averts 80% of deaths averted by annual 
screening 

   The ACP and American Academy of Family Physicians concur 
with above 

   The AGS recommends screening every 1–2 years; cost effective 
<age 80 years; not recommended in the frail old with <5 years life 
expectancy 

   American College of Obstetricians and Gynecologists: 40–49 years 
every 1–2 years; age  ³ 50 years, annually 

   American Cancer Society and American College of Radiology: age 
 ³ 40 years, annually 

  National Cancer Institute: age  ³ 40 years, every 1–2 years 
  National Health Service, UK: age 47–73 years, every 3 years 
 Cervical cancer  [  72  ]  
   May discontinue screening after age 65, if previously screened with 

three negative Pap smears, and not otherwise at higher risk 
   Older women who were never screened require screening and two 

negative Pap smears 1 year apart 
 Ovarian cancer 
  No screening recommended through use of CA 125 or ultrasound 
 Lung cancer 
   Evidence insuf fi cient for or against screening through use of 

low-dose CT or chest radiography in older adults 
   Low-dose CT screening in select high-risk individuals (55–74 

years) appears encouraging  [  92,   93  ]  
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   Table 7.12    A record of comprehensive geriatrics assessment        

Name:
DOB:                 Pertinent info: 
Hospital       Clinic         NH        Home

Allergies:

Medications reviewed:   Yes          No                      
Caregiver information: Advance directives: Yes          No

Living will Health Care Proxy DNR/DNI
Visual impairment: Yes            No

Eyeglasses: Yes            No
Hearing impairment: Yes No

Hearing aid:  Yes           No
Smoking: No        Yes ________ pack yrs                  

Quit: Yes   _______ years ago   
No    Counseled: Yes      No

Alcohol: No      Yes   Qty /yrs __________           
Quit: Yes   _______  years ago   

No     Counseled: Yes      No
Immunizations: Mobility: Walks Independently: Yes     No

Assist device:    Cane           Walker   
Wheelchair

Pneumococcal 
vaccine

Yes              Date: 
No  

Influenza vaccine Falls: No            Yes 
Frequency:

Tetanus/Diphtheria/
Pertussis Vaccine

Incontinence: Bladder   Yes           No
Bowel      Yes           No

Herpes zoster:                                Date:
Function Comments: Dates    
ADL Independent      Partially dependent 

Dependent
Weight 
(lbs / kgs)

IADL Independent     Partially dependent 
Dependent

GFR / Cr. 
Clearance

Screening Dates Lab test Dates
MMSE Hgb / Hct
GDS WBC
Breast exam BUN
Mammogram Creatinine
PAP smear T. protein
FOBT T. albumin
Colonoscopy Cholesterol
DEXA LDL
PPD HDL
Hearing exam Vit B12

Eye exam Folic acid
Podiatry exam TSH

Other (e.g. x’ray, EKG etc): HbA1C
PSA
Vitamin D

*Individualize to indication MD:  ______________________     Date:__________________
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         Introduction 

 In the United States, four billion or more prescriptions are 
dispensed each year to manage health disorders. Several 
medications are associated with adverse drug events (ADEs), 
many being iatrogenic, with the Gastro Intestinal (GI) tract a 
frequent site of af fl iction  [  1  ] . According to the Food and 
Drug Administration report of 1995, 10% of the drug-induced 
adverse effects relate to the GI tract. “Older adults,” de fi ned 
as persons aged 65 or older, typically use multiple medica-
tions; an average of 5 or more medications per patient are not 
unusual  [  2  ] . An adverse drug reaction (ADR) is de fi ned as a 
response to a drug that is noxious and unintended, occurring 
with doses normally used in prophylaxis, diagnosis, or ther-
apy; ADRs are harm caused by the drug at normal doses, 
during normal use. An ADE is harm caused by use of a drug, 
including harm from inappropriate use of the drug (such as 
ADRs and overdoses). ADEs may result from medication 
error, but most do not. The broad interests of the patient 
safety movement have adopted the term ADE over ADR. 
The Institute of Medicine de fi nes ADE as “injury resulting 
from medical intervention related to a drug  [  3  ] .” The term 

side effect refers to a predictable dose-dependent drug effect 
that may be desirable, undesirable, or inconsequential; this 
term is discouraged. Studies have suggested that ADRs 
increase in occurrence with advancing age  [  4  ] . 

 The top  fi ve ranked classes of medications causing most 
GI symptoms include central nervous system agents, hor-
mones, cardiovascular drugs, anti-infective agents, and anti-
neoplastic agents  [  1  ] . GI disorders in older adults may 
manifest with atypical presentations. Complaints can be 
vague and seldom accurately described by the patient or care-
giver. The range of side effects is wide from nausea, vomit-
ing, dyspepsia, abdominal cramps, diarrhea, or constipation, 
occur without identi fi able pathology, some transient and 
resolve shortly after drug discontinuation, to major adverse 
effects including bleeding, perforated viscous, and lasting 
adverse effects (mucosal ulceration, stricture, or increased 
susceptibility to pseudomembranous colitis)  [  5  ] . It is not 
unusual for the adverse effects to be worse than the illness for 
which the drug was prescribed. A group of drug-related medi-
cal problems has been termed the “prescribing cascade”  [  6  ] . 
The cascade develops when an ADE is mistaken to be a new 
medical problem; an additional drug is prescribed, placing the 
patient at further risk for yet another drug-related problem 
from the new therapy (Fig.  8.1 ). The classic examples are 
development of constipation while taking an anticholinergic 
antidepressant such as amitryptiline or a calcium channel 
blocker for hypertension, leading to dependency on laxatives.  

 A description of drug effects on the GI tract follows based 
on site of effect.  

   Mouth 

   Local Effects 

 An erythematous or ulcerative reaction in the buccal mucosa 
may follow repeated contact with several substances including 
antibiotics, mouthwashes, cosmetics, topical anesthetics, and 
antiseptic lozenges  [  7  ] . Oral ulceration may follow use of  aspirin, 
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potassium preparations, and anticholinergic medications particu-
larly if they are retained in the mouth during dissolution.  

   Systemic Effects 

 Mouth lesions may be the initial manifestation of drug-
induced bone marrow suppression. This severe complication 
of drug therapy should be considered in all patients with pete-
chial hemorrhage, buccal ulceration, or signs of oral infec-
tion. A serious oral complication of drug therapy is 
Steven–Johnson syndrome, a severe form of erythema multi-
forme, manifest as extensive ulceration of buccal mucosa and 
lips, along with involvement of the conjunctivae and skin. 
Sulphonamides, barbiturates, nonsteroidal anti-in fl ammatory 
drugs (NSAIDs), and penicillin are implicated agents  [  8  ] .  

   Miscellaneous Effects 

 Xerostomia or dryness of the mouth is a frequently encoun-
tered side effect of over 400 medications including but not 
restricted to parasymptholytic drugs such as atropine, tricyclic 
antidepressants, antiparkinsonian drugs, and phenothiazines. 
Drugs usually do not cause permanent damage to the salivary 
glands; drug-induced xerostomia is potentially reversible A 
decrease in saliva may result in dif fi culty in speaking (dyspho-
nia), taste impairment (ageusia), and impaired chewing and 
swallowing abilities (dysphagia). Related changes in the oral 
micro fl ora may increase susceptibility to oral candidiasis. 

 Ageusia or dysgeusia (altered taste) are commonly reported 
in association with ACE inhibitors  [  9  ]  and other drugs such as 
griseofulvin, lithium, and tetracycline. Gingival hyperplasia 
is a recognized complication of phenytoin therapy and seen 
with cyclosporine and calcium channel blockers (e.g., nife-
dipine). Besides drug withdrawal, plaque removal and good 

oral hygiene help recovery and limit severity of lesions, 
though it may not completely resolve  [  7  ] . Tetracycline can 
produce a black hairy tongue, mostly benign due to hyperpla-
sia of the  fi liform papillae.   

   Esophagus 

   Local Effects (Pill Esophagitis) 

 Nonchewable tablets or capsules usually pass quickly through 
the esophagus and release their contents in the stomach or 
intestines. Occasionally, these pills are lodged within the 
esophagus, dissolve, and release concentrated contents, caus-
ing direct mucosal damage (Table  8.1 ). A warning sign may be 
dull, aching pain in the chest or shoulder after drug consump-
tion. Dysphagia resulting from neurological disorders, motility 
disorder, esophagitis, esophageal stricture, or insuf fi cient liq-
uid consumption to swallow the pills increases the risk of pill 
esophagitis. However, most patients with pill-induced esophagi-
tis do not have underlying esophageal disorders. The pills fre-
quently get stuck in areas of anatomical narrowing of the 
esophagus, especially the tracheal bifurcation, where the left 
atrium presses on the lower end of esophagus  [  10  ] .  

 The severity of drug-induced esophageal damage ranges 
from mild, asymptomatic in fl ammatory changes to severe 
ulceration and stricture formation. The acute forms are most 
common, self-limited, and do not lead to serious conse-
quences. Aspirin, tetracycline, doxycycline, quinidine, potas-
sium chloride, vitamin C, and iron all cause esophageal ulcers 
 [  11  ] . In a recent large series, one third of cases were due to 
aspirin or NSAIDs  [  12  ] . Bisphosphonates, popularly used to 
treat and prevent osteoporosis, causes esophagitis, including 
severe ulcerations. Patients should take bisphosphantes with 
at least 240 mL of water on an empty stomach and remain in 
an upright position for at least 30 min to prevent esophagitis. 

  Fig. 8.1    Prescribing cascade 
and adverse drug events (ADEs)       
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 The presenting complaint, often dysphagia or chest pain, 
warrants esophagoscopy to demonstrate esophageal mucosal 
injury. In a patient on multiple medications, it may be dif fi cult 
to pinpoint the offending drug. However, knowledge of the 
side effects of medications will help identify a causative 
agent. Capsules in general are more likely to get stuck in the 
esophagus than tablets  [  13  ] . The best approach to this disor-
der is prevention (see Table  8.2  for precautions), while the 
treatment for drug-induced esophageal damage is withdrawal 
of the offending medication.   

   Systemic Effects 

 The prevalence of gastro esophageal re fl ux disease (GERD) 
increases with age and is multifactorial in its pathogenesis. 
Defects in esophagogastric motility (transient lower esopha-
geal sphincter (LES) relaxations, LES incompetence, poor 
esophageal clearance, and delayed gastric emptying) are 
central to the pathogenesis of GERD  [  14  ] . Normally, the 
LES, with a pressure zone 15–35 mmHg, prevents the gastric 
contents from entering the esophagus. Some drugs (e.g., 
theophylline, morphine, diazepam, sildena fi l, calcium chan-
nel blockers, ethanol, and nitrates) cause gastroesophageal 
re fl ux by inappropriately relaxing the LES  [  14  ] . Progesterone, 
cholinergic agonists, and tricyclic antidepressants also reduce 
LES pressure  [  14  ] . It is well recognized that the severity of 
symptoms does not correlate with the degree of mucosal 

injury  [  15  ] . Unrecognized mucosal injury may lead to 
stricture formation. When an older adult complains of 
heart burn or regurgitation, a careful review of prescrip-
tions and esophagogastroduodenoscopy (EGD) are warranted. 
Although medications may exacerbate these symptoms, it 
may be one side effect that is frequently “treated” rather than 
withdrawal of the offending medications. Treatment of drug-
induced GERD includes reducing the dosage or discontinu-
ing the offending drug and initiating standard measures to 
manage GERD, including lifestyle changes.   

   Stomach 

 As a slow transit organ, wherein ingested substances remain 
for minutes to hours, the stomach should be eminently vul-
nerable to drug-induced injury. Yet, a highly ef fi cient mucosal 
protection system ensures that most oral medications either 
dissolve or navigate through the stomach without inducing 
damage. Both local and systemic factors in fl uence the patho-
genesis of gastric mucosal injury. NSAID injury has been 
well studied  [  16,   17  ] . NSAIDs and COX 2 receptor antago-
nists’ use progressively increase with advancing age, more in 
women than in men  [  18  ] . NSAIDs constitute one of the most 
widely used classes of drugs, with more than 70 million pre-
scriptions and more than 30 billion over-the-counter tablets 
sold annually in the United States  [  16  ] . 

   Local 

 The pathogenesis of NSAID-induced gastroduodenal 
mucosal injury is complex. The dual-injury hypothesis sug-
gests that NSAIDs have direct toxic effects on the gastroduo-
denal mucosa and indirect effects through active hepatic 
metabolites and decreases in mucosal prostaglandins to 
induce gastric damage  [  18,   20  ] . When NSAIDs irritate the 
gastric mucosa, they weaken the resistance to acid, causing 
gastritis, ulcers, bleeding, or perforation. The damage ranges 
from super fi cial injury to single or multiple ulcers, any of 
which may bleed. The clinical signs and symptoms of 
NSAID-induced gastropathy include dyspepsia, diarrhea, 
nausea, and vomiting. As the symptoms do not always cor-
relate with the severity of the mucosal damage, patients need 
to understand the prudent use of NSAIDs to prevent serious 
complications. Older adult patients are especially at risk for 
NSAID-induced gastroduodenal mucosal injury; risk factors 
are listed in Table  8.3 .  

 The various NSAIDs differ with regard to their risk of 
inducing upper GI bleeding and/or perforation. Commonly 
prescribed NSAIDs such as ibuprofen and diclofenac have 
the lowest relative risk  [  19  ] . Sulindac, aspirin, naproxen, and 
indomethacin have an intermediate relative risk, while 

   Table 8.1    Drug commonly implicated in causing pill esophagitis   

 Aspirin 
 Doxicycline 
 Potassium chloride 
 Bisphosphonate 
 NSAIDs 
 Vitamin C 
 Quinidine 
 Ferrous sulfate 
 Theophylline 
 Captopril 

   Table 8.2    Precautions suggested to prevent pill esophagitis   

 Swallow several sips of water to lubricate the throat before consuming 
a tablet or capsule 
 Swallow tablets or capsules with at least 8 oz of liquid 
 Swallow tablets or capsules while in an upright or sitting position 
 Do not lie down immediately after taking a tablet or capsule to ensure 
that the solid dosage forms pass through the esophagus and into the 
stomach 
 If swallowing continues to be painful or if the tablets or capsules 
continue to stick in the throat, the primary care physician must be 
informed and endoscopy may be needed 
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piroxicam and ketorolac have the highest relative risk 
 [  19,   20  ] . The reason for these differences is not clear. 
NSAID-induced peptic ulcer disease in the elderly is often 
painless and associated with severe anemia. Indomethacin 
has been listed in the Beers criteria among the potentially 
inappropriate medications for older adults  [  21  ] .  

   Systemic 

 Nausea and vomiting, common adverse effects of drugs, usu-
ally occur early in the course of pharmacologic therapy. 
Often, symptoms disappear with continued use. In some 
instances, concurrent administration of antiemetics may help 
prevent dehydration and electrolyte imbalance. Nausea and 
vomiting are not necessarily minor adverse effects; either 
may signify a more serious situation. Nausea and vomiting 
associated with digoxin or theophylline use may be a sign of 
drug toxicity. In the older adult, failure to recognize nausea/
vomiting as an adverse drug effect may lead to unnecessary 
diagnostic studies. 

 The vomiting center receives neural impulses from differ-
ent sites in the body such as the chemoreceptor trigger zone 
and GI tract. Chemotherapy-induced vomiting is multifacto-
rial in origin. Each drug has a speci fi c minimal, moderate or 
high emetogenic potential. Cisplatin has a high emetogenic 
potential, while vinblastine has minimal emetogenic poten-
tial. Depending on the chemotherapeutic drug, the emeto-
genic potential can increase with escalating dose. The 
emetogenic potential of cyclophosphamide can be moderate 
or high depending upon the dose. When chemotherapeutic 
drugs such as cyclophosphamide and doxorubicin are coad-
ministered, the emetogenic potential is greater than that of 
either drug alone. Chemotherapy-induced vomiting is more 
common in females and younger patients.   

   Small Bowel 

 The incidence of drug-induced damage to the small bowel 
has long been underestimated because manifestations are 
often mild and nonspeci fi c. Further, the jejunum and most of 

ileum have, until recently, remained largely inaccessible to 
endoscopic examination. Video capsule endoscopy, now 
widely available, is becoming the test of choice to diagnose 
drug-induced enteropathy. 

   Local Effects 

 Intraluminal drug concentrations decrease considerably 
when the medication reaches the small bowel and concentra-
tions continue to fall through its length. However, local tis-
sue damage can still occur with enteric-coated tablets or 
acid-resistant capsules. NSAIDs are the primary cause of 
drug-induced ulcers of the small intestine  [  22  ] . The older 
adult and those on long-term NSAIDs are at the highest risk 
 [  23  ] . The advent of Wireless Capsule Endoscopy has helped 
investigate small bowel lesions secondary to NSAID use. In 
contrast to the stomach, direct contact of NSAIDs with intes-
tinal mucosa has a major role in the pathogenesis of the 
NSAID small bowel toxicity. 

 NSAIDs cause a clinical entity of diffuse intestinal 
in fl ammation and increased intestinal mucosal permeability. 
The so-called NSAID enteropathy is characterized clini-
cally by occult blood loss, iron de fi ciency anemia, malab-
sorption, and protein-losing enteropathy, with blood loss the 
most signi fi cant. Many on NSAIDs chronically present with 
fecal occult blood loss and iron de fi ciency anemia, with no 
endoscopically identi fi able source of bleeding in the upper 
gastrointestinal tract or colon that is an adequate explana-
tion. In such patients, NSAID enteropathy should be consid-
ered and video capsule endoscopy may be indicated. Capsule 
retention is quite rare; however, caution is warranted as 
NSAID enteropathy was the most common cause of reten-
tion in a single experience of 1,000 capsule endoscopies by 
Li et al.  [  24  ] . 

 Frequent coprescription of medications caused detri-
mental reactions in elderly chronic NSAID users in a study 
of nearly one million people, prescribed for hypertension 
and heart failure (59.5%), antithombotics (35.1%), gluco-
corticoids (12.9%), SSRIs (8.3%), and warfarin (4.8%) 
 [  25  ] . In a large cohort of 644,183 elderly, among users of 
proton pump inhibitors (PPIs), the combination of tradi-
tional NSAID and acetaminophen increased the risk of GI 
bleeding and hospitalization compared to the reference 
drug acetaminophen alone; even among nonusers of PPIs, 
the risk of GI hospitalization was highest with the combi-
nation  [  26  ] . 

 “Diaphragm” disease is a rare form of NSAID enteropa-
thy characterized by the presence of numerous, thin, web-
like septa that protrude into the lumen and may cause 
strictures. The mid small intestinal and ileum are preferen-
tially involved, but lesions have been described in the right 
colon and duodenum of patients on prolonged high-dose 
aspirin therapy  [  27  ] . Subacute bowel obstruction, diarrhea, 

   Table 8.3    Factors that increase the risk of GI complications from non-
steroidal anti-in fl ammatory drugs (NSAIDs)   

 Age over 65 (risk increases linearly with age) 
 Polypharmacy 
 Comorbid conditions: cardiac, renal, pulmonary, etc. 
 First month of use 
 Prior history of peptic ulcer disease 
 High doses 
 Concomitant use of more than one NSAID 
 Concomitant use of anticoagulants or corticosteroids 
  Helicobacter pylori  infection 
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and weight loss are the most common symptoms of dia-
phragm disease. 

 Jejunal diverticula may increase the risk of local compli-
cations, with diverticular perforation reported from local 
iron toxicity  [  28  ] . Drug-induced malabsorption is an adverse 
effect of nonabsorbable antibiotics such as neomycin. Like 
cholestyramine, neomycin binds bile salts in the gut and 
thus reduces their availability for micelle formation, with 
resultant fat and fat-soluble vitamin malabsorption. 
Tetracycline chelates calcium, mineral oil reduces absorp-
tion of carotene and fat-soluble vitamins, thiazides impair 
ileal transport of sodium, and aluminum/magnesium hydrox-
ide precipitates calcium and phosphate ions. Colchicine, 
neomycin, methotrexate, methyldopa, and allopurinol inter-
fere with absorption of nutrients by causing mucosal dam-
age. Fat and mineral bioavailability appears unaltered by 
PPI therapy  [  29  ] . However, absorption of protein-bound 
vitamin B12 level can be impaired by long-term PPI ther-
apy, with profound acid suppression leading to B12 
de fi ciency in some  [  30  ] . Absorption-related adverse effects 
are generally reversible following discontinuation of the 
medication.  

   Systemic 

 Small intestinal motor activity is less likely to be affected 
by drugs compared to that of the colon. Anticholinergics 
as pre-medication can delay the return of bowel sounds 
following surgery, and in large doses, may precipitate par-
alytic ileus. Antiparkinsonian drugs, tricyclic antidepres-
sants, phenothiazines, loperamide, calcium channel 
blockers, and opiods all reduce small bowel motility. 
Intestinal motility usually returns shortly after discontinu-
ation of the drug. 

 A noninfective hemorrhagic enterocolitis may result from 
immunosuppresive drugs which affect all rapidly dividing 
cells, including the GI tract. Vinblastine, methotrexate, and 
cyclophosphamide may induce this condition, which may 
progress to perforation, but usually responds to supportive 
therapy along with withdrawal of the offending drug. The 
clinical features include pain, bleeding, vomiting, ileus, and 
diarrhea. 

 Several drugs may cause small bowel ischemia; these 
include hormonal preparations, digoxin, and cocaine. 
Digitalis may compromise small intestinal blood  fl ow by 
diminishing splanchnic  fl ow, primarily in older adults with 
heart failure. A symptom complex of abdominal pain, 
vomiting, and distension with diarrhea or melena has been 
observed along with other features of digitalis toxicity. 
Various diuretics and antihypertensive medications may 
lead to bowel ischemia through their hypovolemic or 
hypotensive effects.   

   Colon 

   Local 

 Broad-spectrum antibiotics, particularly tetracycline and 
ampicillin, are the most common offenders in drug-induced 
diarrhea. With ampicillin, the effect is independent of dose 
and route of administration. Hence, in patients who develop 
diarrhea on an oral preparation, the antibiotic should be 
changed rather than the mode of administration. The patho-
genesis for antibiotic-induced diarrhea is unclear. Although 
an alteration in intestinal  fl ora may be contributory, this can-
not be the only mechanism, as drugs with similar spectrum 
of activity produce widely differing incidences of diarrhea. 
Other drugs that induce diarrhea include systemic anti-
in fl ammatory agents and salts of iron, potassium, and cal-
cium. Magnesium-containing antacids cause diarrhea; the 
salts are poorly absorbed and increase gut luminal  fl uid vol-
ume through osmotic action. 

 NSAIDs may cause colitis or exacerbate a preexisting 
colonic disease, but the mechanism (local or systemic) is 
unclear  [  23  ] . NSAID-induced lesions can develop in the 
healthy colon or at sites of preexisting disease, such as diver-
ticular disease or chronic in fl ammatory bowel disease (IBD). 
The most common pattern of NSAID-associated colonic 
damage is a nonspeci fi c colitis, and NSAIDs can induce 
de novo nonspeci fi c colorectal lesions that clinically and 
pathologically mimic IBD and are dif fi cult to distinguish 
from IBD early in its natural history. Presentation is typically 
bloody diarrhea and abdominal pain, with a history of NSAID 
use (for days, months, or years). Colonic ulcers are described 
in patients taking NSAIDs  [  31  ] . Diaphragm-like strictures of 
the colon, similar to those in the small bowel and duodenum, 
have been reported with long-term NSAID therapy  [  32  ] . 
Abdominal pain, alteration in bowel habits, and weight loss 
are common manifestations.  

   Systemic 

 Ischemic colitis, the most common form of ischemic injury of 
the GI tract, encompasses the clinical spectrum of reversible 
colopathy, transient colitis, chronic colitis, colonic stricture, 
gangrene, and fulminant universal colitis  [  33  ] . Colonic ischemia 
results from compromised systemic circulation as well as mes-
enteric circulation causing local injury. Ischemic colitis occurs 
in individuals predisposed to ischemic heart disease, hyperten-
sion, peripheral vascular disease, and vasculitis. Pharmacological 
agents may predispose to ischemic colitis as a vascular adverse 
effect or worsen a compromised blood supply in the presence of 
preexisting disease. A focused medication history may help 
identify a probable drug that predisposes to colonic ischemia. 
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 A consequence of antibiotic therapy is  Clostridium 
dif fi cile -associated diarrhea (CDAD). CDAD occurs because 
the antibiotic allows the overgrowth of  C. dif fi cile , which 
does not typically colonize the colon of a healthy adult. 
Although most antibiotics can cause CDAD, the antibiotics 
most commonly associated with CDAD are  fl uoroquinolones, 
clindamycin, ampicillin, amoxicillin, and the cephalosporins 
 [  34  ] . Other antibiotics associated with CDAD, but less fre-
quently, include erythromycin, other penicillins, and 
trimethoprim-sulfamethoxazole. Multiple courses or repeated 
antibiotic therapy increase risk of infection. CDAD may 
result from both oral and parenteral antibiotic use. The role 
of PPIs predisposing to CDAD is recognized in epidemio-
logical studies  [  35,   36  ] . Data also suggest that PPI use during 
incident  C. dif fi cile  infection is associated with a 42% 
increased risk of recurrence  [  37  ] . 

 The epidemiology of CDAD has changed in recent years, 
with the incidence and severity increasing considerably. 
North America and Europe are in the midst of an epidemic of 
severe CDAD associated with the emergence in 2002 of a 
hypervirulent strain of  C. dif fi cile  known as toxinotype III 
Nap 1 BI, Nap 1, or Nap 1/027. The Canadian province of 
Quebec has been especially hard hit, with >3,000 nosoco-
mial cases of CDAD diagnosed between August 2004 and 
March 2005; studies of this epidemic documented the pres-
ence of the hypervirulent toxinotype III Nap 1 BI strain, and 
risk factors for CDAD in this epidemic included older age 
and use of quinolones  [  38  ] . 

 Patients receiving chemotherapy, including cytosine ara-
binoside, cytarabine, cisplatin, vincristine, adriamycin, 
5- fl uorouracil, thioguanine, and mercaptopurine are at risk 
of developing necrotizing enterocolitis or neutropenic colitis 
 [  39  ] . The common feature in all cases is profound drug-
induced leucopenia and neutropenia (<100 neutrophils/mm 3 ) 
that permits mural bacterial invasion. Risk factors include 
underlying leukemia and administration of drugs toxic to the 
gastrointestinal mucosa, such as cytosine arabinoside. 

 In an aging population, recent practice patterns indicate 
use of opiates for prolonged treatments of chronic nonmalig-
nant medical conditions. It is well recognized that opiates 
adversely affect gastrointestinal motility. These effects, 
known as opioid bowel dysfunction, are manifest as consti-
pation, nausea, bloating, ileus, and sometimes pain. However, 
when pain is the predominant symptom, the condition is 
termed narcotic bowel syndrome (NBS). NBS is character-
ized by chronic or frequently recurring abdominal pain that 
worsens with continued or escalating dosages of narcotics. 
There is also marked worsening of pain when the narcotic 
dose wanes and improvement when narcotics are reinstituted 
(soar and crash)  [  40  ] . 

 Drug-induced diarrhea is common in the older adult 
because of age-related factors and polypharmacy associ-
ated with treatment of acute and chronic diseases. Early 

diagnosis and treatment of diarrhea in the elderly helps 
prevent dehydration, loss of electrolytes, and deterioration 
of nutritional status. Laxative abuse is a consideration in 
the differential diagnosis of diarrhea. Patients complain of 
watery diarrhea, weight loss, and hypokalaemia and are 
often considered to be suffering from a hormone secreting 
pancreatic neoplasm. Laxatives, particularly the anthraqui-
nones like senna, are associated with pigmentation of the 
colonic wall (melanosis coli) in patients who consume large 
doses for years and disappear within months of discontinu-
ing the laxative. Chronic use of stimulant laxatives can lead 
to  fl uid and electrolyte imbalance, steatorrhea, protein-
losing gastroenteropathy, osteomalacia, and vitamin and 
mineral de fi ciencies. When the drug is discontinued, radio-
graphic and functional changes in the colon may only 
partially return to normal because of drug-induced neuro-
muscular damage to the colon. 

 Intestinal obstruction may result from the use of  fi ber in 
older adults with inadequate water intake. Drugs known to 
induce constipation include antacids containing aluminum, 
together with drugs that alter intestinal motility such as anti-
cholinergics, antiparkinsonian drugs, tricyclic antidepres-
sants, and opiates. Table  8.4  lists some common drugs 
causing diarrhea and constipation in the older adult. Excessive 
 fi ber intake may interfere with absorption of nutrients such 
as calcium, iron, and magnesium besides medications, a fact 
relevant in the older adult on multiple drugs  [  41  ] .    

   Table 8.4    Common medications implicated in constipation and 
diarrhea   

 Constipation 
 Opiates 
 Peppermint oil 
 Aluminum-containing antacids 
 Gaviscon 
 Iron 
 Laxatives (chronic) 
 Antimuscarinic drugs (atropine, tricyclic antidepressants) 
 Calcium supplements 
 Sucralfate 
 Calcium channel blockers 
 Anticholinergics 

 Diarrhea 
 Antibiotics 
 Magnesium-containing antacids 
 Iron 
 Laxatives (acute) 
 Metformin 
 Olsalazine 
 Misoprostol 
 Promotility drugs 
 Nonsteroidal anti-in fl ammatory agents 
 Mesoprostol 
 Cholinesterase inhibitors 
 Selective serotonin reuptake inhibitors 
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   Anus and Rectum 

 Anorectal ulcerations have been described in patients who 
use suppositories containing ergotamine tartrate to excess. 
The mucosal lesions resemble those observed in “solitary 
rectal ulcer syndrome.” Characteristic features of ergot-
amine-induced ulcers include the absence of a mucosal pro-
lapse, absent history of constipation, and rapid healing after 
discontinuation of the drug. Similar anorectal lesions are 
associated with chronic administration of NSAID supposito-
ries; erosions or ulcers are seen even with short-term NSAID 
use, with lesions remitting following discontinuation of treat-
ment  [  42  ] . Anorectal stenosis, perforation, and recto-vaginal 
 fi stulas are reported after prolonged overuse of NSAID sup-
positories  [  43  ] . The uses of kayexalate retention enemas 
have been associated with mucosal necrotic ulcers.  

   Pancreas 

 Medication-induced pancreatitis due to medications is an 
unusual event and has been estimated to be about 2% of cases 
of pancreatitis  [  44  ] . Many drugs have been implicated as 
etiologic agents, and the list continues to grow. Table  8.5  lists 
some medications commonly used in the older adult which 
can cause pancreatitis. They have been divided into Class Ia, 
Ib, and II based on the classi fi cation used by Badalov et al. 
 [  45  ] . The pathogenesis of drug-induced pancreatitis may be 
due to an idiosyncratic response in some cases (e.g., 6-mer-
captopurine, aminosalicylates, and sulfonamides) or to a 
direct toxic effect (e.g., diuretics, sulfonamides). Drug-
induced pancreatitis has no distinguishing clinical features. 

A high index of suspicion and careful drug history are therefore 
essential for making the diagnosis. Proving the association 
with a particular drug may not always be straightforward, 
even in suspected cases. Thus, patients restarted on their 
medications should be closely monitored and the drug 
promptly discontinued if symptoms recur. The prognosis of 
drug-induced pancreatitis is generally excellent  [  46  ] .   

   Special Problems in the Older Adult 

 With regard to drug effects on the GI system, the geriatric 
patient differs in many ways. Drug absorption is generally 
not affected, but drug effects vary through interactions with 
other medications, nutrients, and comorbidity; with the back-
ground of polypharmacy and impaired cognition, dysphagia, 
and impaired musculoskeletal function, all common in the 
old, drug interactions are common, compounded by errors in 
drug administration. Cholinesterase inhibitors are typically 
prescribed to help cognition in dementia; the  fi rst drug 
(tacrine) lost favor predominantly due to ADEs manifesting 
as hepatitis and diarrhea; in a study of 773 reports among 
75–84 year olds, with 65% women, serious ADRs occurred 
in 57% of cholinesterase inhibitor use, raising questions 
whether the ADE is worse than the disease  [  47  ] . In an era of 
polypharmacy, the safety of analgesic use (opioids and 
NSAIDs) in the elderly raises concerns; nonselective NSAIDs 
are among the most common OTC medications used, with 
ibuprofen being the third in US adults  [  48  ] . 

 Extrapolation of data from trials in the younger adults does 
not provide adequate risk-bene fi t estimates for the old, stress-
ing the need to understand drug kinetics and dynamics; the 
elderly appear underrepresented in clinical trials  [  49  ] . Strategies 
in future should focus on prevention of GI complications from 
commonly used drugs. Examples include prevention of aspirin-
induced injury from mucosal prostaglandin depletion  [  50  ] ; 
drug interactions and complications from PPIs, such as on min-
eral metabolism and fractures or  C. dif fi cile  infection  [  51  ] ; GI 
adverse effects from newer anticoagulants such as dabigatran, 
which requires dosage adjustment for renal function and should 
bleeding occur, there is no antidote  [  52  ] ; and others. It may be 
prudent at times to not prescribe or even withdraw a medication 
for a new manifestation, rather than add yet another. 

  Key Points 

    Polypharmacy in the elderly is frequent, prompting clini-• 
cians to be aware of the increasing number of drugs with 
adverse GI effects and their presentation.  
  Unrecognized GI side effects of medications lead to fre-• 
quent and unwanted endoscopies, biopsies, and increased 
costs and risks to the patient.  

   Table 8.5    Drug-induced pancreatitis   

 Class Ia  Class Ib  Class II 

 Alpha-methyldopa  Amiodarone  Acetaminophen 
 Benza fi brate  Azathiprine  Chlorthiazide 
 Carbimazole  Dexamethasone  DDI 
 Codeine  Lamivudine  Erythromycin 
 Enalapril  Losartan  Estrogen 
 Furosemide  6-MP  Propofol 
 Isoniazid  Methimazole  Tamoxifen 

 Mesalamine  Nel fi navir 

 Metronidazole  Omeprazole 

 Pentamidine  Premarin 

 Pravastatin  Sulfamethzole 

 Procainamide  Trimethoprim 

 Simvastatin 

 Sulindac 

 Tetracycline 

 Valproic acid 

  Modi fi ed from ref.  [  45,   46  ]   
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  A new manifestation in an older adult should prompt con-• 
sideration for an adverse drug event (ADE), prompting 
attention to revision of the medication regimen, rather 
than the immediate addition of yet another medication.  
  Prevention of ADEs is partly dependent on adequate under-• 
standing of altered drug kinetics and dynamics with aging.  
  While health care professionals can usually do little to • 
alter the pharmacokinetics or dynamics of individual 
patients, the decision to prescribe a drug, the choice of 
drug, and the manner in which it is to be used are all fac-
tors under the control of the prescriber.          
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   Background 

 Aging is an important factor in the biotransformation of 
drugs with respect to their therapeutic ef fi cacy and safety. 
Changing demographics indicate an aging population with a 
longer life expectancy. The geriatric age group is the most 
medicated segment of the population, with the average older 
person taking three times more drugs compared to the young. 
Further, 80% of older adults manifest one or more chronic 
disease states. Signi fi cant changes resulting from aging 
physiology of many systems alter the pharmacokinetics and 
pharmacodynamics of drugs (Table  9.1 ).  

 Alteration in aging physiology is partially contributory to 
an increase in adverse drug events (ADEs), further com-
pounded by polypharmacy, common in the elderly. In fact, 
10% of hospital admissions among older adults relate to drug 
interactions. Pharmacotherapy is a challenge for providers of 
health care because of the need to adjust dosage appropri-
ately to account for the age-related changes in older adults 
 [  1  ] . A patient’s age is often the strongest predictor of being 
prescribed a large number of medications due to the increase 
in comorbidities and decline in overall function  [  2  ] . 

 Besides physiological changes, aging is associated with 
impaired system and organ functions due to disease, leading 
to susceptibility to adverse effects of drugs. One must dif-
ferentiate between the “ fi t” and the “frail” elderly; the frail 
now represent an older subpopulation in whom multiple dis-
ease states, not age, account for pharmacokinetic and phar-
macodynamic effects  [  3  ] . ADEs are the most common 
medication-related outcomes in a nursing home setting, with 
an incidence rate from 1.19 to 7.26 per 100 resident-months, 
with more than half preventable with surveillance systems to 
detect and minimize consequences of ADEs. Biomedical 

informatics can reach the goal of therapeutic medication 
monitoring to guide dosing in the elderly when there is a 
narrow therapeutic range and the medication level is not 
readily predictable from the dosage prescribed  [  4  ] .  

   Pharmacokinetics 

 Pharmacokinetics refers to the absorption, distribution, metab-
olism, and excretion of drugs in the body  [  5  ] . Although the 
clinical signi fi cance continues to evolve, pharmacokinetic 
changes clearly occur with aging. With age, there is a decline 
in total body water (females more than males), with a change 
in the volume of distribution  [  6  ] . The relative proportion of 
lean muscle mass to total body fat is also reduced; the decline 
in muscle mass (referred to as sarcopenia) is accompanied 
with an increase in body fat, again more pronounced in 
females. Fat-soluble drugs tend to accumulate in adipose tis-
sues with chronic dosing. Prolonged effects occur as the elimi-
nation of these drugs from fatty tissue is slow and decreased, 
ultimately leading to potential toxic side effects  [  7  ] . 

 All drugs enter the systemic circulation regardless of 
route of administration, and most irreversibly bind to plasma 
proteins. The higher fraction of protein-bound drugs exists in 
a reversible state of equilibrium, with the smaller “free-
 fl oating” unbound fraction, called the free fraction. Much of 
the free-fraction drug is able to cross the blood–brain barrier 
into the central nervous system and bind to other organs of 
the body; it is the free-fraction drug that exerts a pharmaco-
logical therapeutic effect or causes adverse events. Only the 
free fraction undergoes metabolism in the liver or clearance 
through the kidneys. Although albumin levels do not decline 
solely from age, in the older debilitated or undernourished 
adult, there may be a decrease in serum albumin with a 
greater proportion of drug now existing as free fraction. 
Taking multiple drugs that bind to the same plasma protein 
may lead to displacement of the protein-bound fraction to 
result in more adverse events, through higher concentrations 
of the free fraction  [  7 , p. 16]. 
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 Following administration, a drug is distributed to its site 
of action where it may have a bene fi cial or undesired effect. 
Pharmacodynamics refers to the pharmacological mecha-
nism of action of a drug at its particular targets. This includes 
therapeutic effects as well as the adverse effects. Various 
enzymes, transporters, and receptors are psychotropic drug 
targets that regulate the synthesis, transmission, and degra-
dation of different chemical neurotransmitters in the central 
nervous system  [  7 ]. How a drug affects a patient depends on 
the net effect of its intended therapeutic use, together with 
any unintended effect on organ systems in the body. Older 
patients are more sensitive to the pharmacological effects of 
medications due to pharmacodynamic changes associated 
with aging  [  8  ] .  

   Absorption 

 Since aging affects pharmacokinetics and pharmacodynam-
ics, there are implications for the use of psychotropic medi-
cations in the elderly. The absorption of orally administered 
medications may be impaired or delayed, most drugs have an 
altered volume of distribution, and there may be a gradual 
accumulation of drug in the fat stores. Some changes have 
been observed in the gastrointestinal tract with age, but for 
most drugs absorption by passive diffusion remains 
unchanged  [  9  ] . Presystemic elimination by the intestinal 
mucosal and the  fi rst pass through the liver must be taken 
into account when evaluating oral bioavailability. Plasma 
concentrations of highly cleared medications, such as propra-
nolol and labetalol, may be higher as liver mass and hepatic 
perfusion decline with aging. Yet, there is no difference 
between young and old patients with other high-clearance 
drugs, such as verapamil and propafenone  [  3 ]. The dosage 
regimen for the elderly needs to be based on age-related 
changes in pharmacokinetics  [  6 ]. This may be dif fi cult as 
dosing for safety and ef fi cacy is guided by few clinical trials 
in the geriatric population. 

 Age-related pharmacokinetic changes result from reduced 
renal and hepatic clearance, and prolonged elimination 
half-life, with increased sensitivity to drug classes such 
as anticoagulants, psychotropic, and cardiovascular drugs. 
Most drugs are absorbed from the gastrointestinal tract and 

pass through the liver. Liver blood  fl ow declines with age 
causing impaired biotransformation. Advancing age is often 
associated with a decline in kidney function through dimin-
ished renal blood  fl ow, glomerular  fi ltration rate (GFR), and 
tubular secretion, all in fl uential in drug elimination  [  10  ] . 
Unfortunately, there is no endogenous marker for hepatic 
clearance that can help guide drug dosing to predict kinetic 
behavior in liver disease  [  11  ] .  

   Distribution 

 As stated earlier, advancing age leads to changes in body 
composition. With the increase in body fat compared to a 
decline in muscle mass and a larger decline in total body 
water, the volume of distribution of highly polar (water solu-
ble) medications such as digoxin and lithium will decrease 
while that of lipophilic agents (diazepam, lorazepam) will 
increase with advancing    age. Drugs such as warfarin, digoxin, 
and phenytoin are protein bound, adding complexities to 
age-related kinetics from protein binding  [  3  ]  (Fig.  9.1 ).   

   Elimination 

 There is a gradual decline in the number of functioning 
glomeruli between the age of 30 and 80 years. Based on lon-
gitudinal studies, creatinine clearance may even increase in a 
small subpopulation, remain about the same in a third, and 
decline by about 1% per year in the rest from the age of 
around 30 years. The causes for this are complex, with both 
age and disease components such as hypertension and diabetes 

   Table 9.1    Pharmacokinetics: age-related changes  [  3  ]    

 Increased  Decreased 

 Concentration of water-soluble 
drugs 

 Water compartment of the body 

 Fat compartment of the body  Free drug fraction, if albumin levels 
rise 

 Volume of lipophilic drugs  Renal function from age or disease 
 Half-life of lipophilic drugs  Hepatic blood  fl ow and  fi rst-pass 

metabolism 

  Fig. 9.1    Pharmacokinetics and aging.  Data source : Klotz  [  3  ]        
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possible. GFR may be approximated from the creatinine 
clearance using the Cockcroft–Gault formula, or estimated 
using the “modi fi cation of diet in renal disease” (MDRD) 
equation  [  12  ] . 

 Further a measure of GFR in the very old may differ based 
on the choice of formula used  [  12  ] . Based on the high preva-
lence of chronic kidney disease in older adults, drug dosing 
in the elderly requires caution, as there is risk for renal injury 
from ischemia as well as medications with nephrotoxic 
effects  [  13  ] . The principles of drug prescribing apply to 
drugs used for gastrointestinal or any other illness. 
Traditionally, the Cockcroft–Gault equation is most often 
used to estimate creatinine clearance for appropriate dosage 
adjustments for maintenance doses of renally excreted drugs 
with a narrow therapeutic window such as aminoglycosides, 
digoxin, and injectable anticoagulants  [  14  ] . As a general 
rule, evaluation of eGFR is essential before administration of 
any drug to an older adult  [  15  ] .  

   Metabolism 

 Most medications need to be biotransformed to more polar 
metabolites by several cytochrome P450 (CYP)-dependent 
phase I and phase II pathways such as acetylation, glucuroni-
dation, or sulfonation, before their  fi nal excretion. Drug 
metabolism takes place primarily in the liver, although the 
small bowel may also be a site. Hepatic blood  fl ow and mass 
generally decline with age; therefore, high-extraction drugs 
may be affected by these changes (Table  9.2 ).  

 Routine liver function tests do not alter with age  [  3 ]. 
Phase 1 hepatic metabolism is reduced and variable in the 
elderly, with a 30–50% reduction in clearance of drugs 
through phase I. This is secondary to age-related changes in 
hepatic blood  fl ow, liver mass, and the hepatic epithelium 
rather than aging changes in drug-metabolizing enzymes or 
their    expression  [  16  ] . 

 There are few if any changes in hepatic microsomal pro-
tein content, nor in the activities of CYP450 enzymes with 
age in the range of 10–85 years, based on in vitro data. In 
another study the in fl uence of the age of the donor was inves-
tigated on various activities (e.g., IA2, 2A6, 2B6, 2C8, 2C9, 
2C19, 2D6, 2E1, 3A4, and 4A11). The age group 20–60 years 
was compared with the group above 60, and no differences 

were visible  [  3 , p. 71]. Population pharmacokinetics (POP) 
can provide PK data from the “real clinical world” as, by its 
means, drug disposition can be described for populations 
(including the elderly) in which drugs are actually used  [  17  ] . 
This approach has recently been successfully applied for olan-
zapine (probe of CYP1A2) and paroxetine (probe of CYP2D6). 
Based on 1,527 plasma levels from 117 patients with 
Alzheimer’s disease and 406 with schizophrenia, clearance of 
olanzapine varied from 6.7 to 68.0 L/h in the age range 18–103 
years. This demonstrates signi fi cant variation in renal clear-
ance from the young to the elderly adult. Smoking status, sex, 
and race accounted for 26, 12, and 7% of the variability, respec-
tively ( P  < 0.0001). However, height, weight, and age had no 
effect on the clearance of olanzapine  [  3 , p. 72]. 

 Acid-related disorders are common in the elderly  [  18  ] . 
Although as a class proton pump inhibitors (PPIs) are highly 
effective, differences in their pharmacokinetics, such as bio-
availability, elimination, half-life, and metabolism, may 
translate into different clinical outcomes. Most PPIs have 
short elimination half-lives. Tenatoprazole has a  fi ve- to sev-
enfold longer half-life, which could be useful for gastroe-
sophageal re fl ux disease. Omeprazole allows rapid 
absorption, which may promote better nocturnal gastric acid 
control compared to delayed-release medications  [  19  ] . 

 Omeprazole represents the best probe for CYP2C19 
among the widely used PPIs. This PPI was studied in 
Japanese volunteers who were given a single intravenous 
dose to examine the effect of aging and the pharmacokinetics 
of the three CYP2C19 phenotypes, poor metabolizer (PM), 
intermediate metabolizer (IM), and extensive metabolizer 
(EM). This resulted in some genotype and age-related differ-
ences in drug exposure. The AUC was more pronounced 
(about twofold) in the elderly EMs and IMs but not in elderly 
PMs. As a result, when studying the age effects for the 
CYP2C19 substrates, all subjects have to be differentiated 
according to their de fi ned genotype, which therefore has 
more impact than age. CYP2C9 is another polymorphically 
expressed enzyme that is involved in the metabolism of 
important drugs such as warfarin, anticonvulsants, or 
NSAIDs. Whether intestinal metabolism and inducibility 
of metabolism are affected by aging has not been extensively 
studied  [  3 ]. Various PPIs differ in their pharmacokinetic 
properties and concomitant intake of food or antacids may 
alter absorption rates and bioavailability  [  20  ] . In one study, 

   Table 9.2    Hepatic in fl uences on high- and low-extraction drugs  [  3  ]    

 Scenarios 
 High-extraction drug  Low-extraction drug 

 Clearance  Bioavailability  Half-life  Clearance  Bioavailability  Half-life 
 Increase in liver blood  fl ow  ↑  ↑  ↓  ↔  ↔  ↔ 
 Decrease in liver enzyme activity  ↔  ↑  ↔  ↓  ↔  ↑ 
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mosapride was found to be effective in older adults with 
abnormal gastric motility, compared with younger patients 
with normal gastric motility  [  21  ] . In another study, research-
ers found that mosapride signi fi cantly in fl uenced pharma-
cokinetics and coadministration could have favorable effect 
in PPI-based therapy  [  22  ] .  

   Impact of Aging 

 Frailty is an emerging syndrome perceived as undesirable and 
associated with health risks, predisposed by advancing age in 
combination with physiological decline, loss of muscle and 
bone mass, and deterioration of functional abilities  [  23  ] . 
Frailty is a confounding factor when considering the impact 
of aging on drug disposition. Future clinical trials may require 
a more comprehensive characterization of genetic and bio-
chemical markers in older adults to account for age and other 
confounding effects on pharmacokinetics, in particular, drug 
metabolism. In healthy older people, Phase II metabolism 
appears to be maintained, but reduced with frailty. In the clin-
ical development of any drug, it is important to assess possi-
ble deleterious effects, especially on cognitive function in the 
old, who are sensitive to such effects  [  24  ] . 

 ADEs have been increasingly evident over the last decade, 
and rates of hospital admissions for drug reactions in the 
elderly have followed. It is becoming clear that age-related 
altered pharmacokinetics and dynamics contribute to the risk 
of ADEs, an important consideration when managing various 
disease states and their appropriate medication therapy  [  14  ] . 

 Another area is that of prophylactic prescriptions and drug 
treatment of chronic diseases, both common over age 65. 
Geriatric patients receive a disproportionate number of drugs, 
accounting for 45% of total prescriptions in the UK. While 
older adults bene fi t from prophylactic agents, each additional 
drug brings in the risk of an ADE (e.g., aspirin); prescribers 
must use knowledge of pharmacology to weigh the con fl icting 
pressures and engage in good prescribing decisions  [  25  ] . 

 In the future, we may consider additional factors that 
in fl uence pharmacokinetics in geriatric populations. The 
effect of obesity and kinetics of PPIs or H 

2
  receptor antago-

nists in GERD or erosive esophagitis will be relevant to 
determine dosing in overweight older adults; as the severity 
of GERD is in fl uenced by body mass index, the dose must be 
individualized for pharmacokinetic pro fi les and weight  [  26  ] . 
As adults encounter an increase in percentage of body fat 
with age, their volume of distribution may be even more 
signi fi cant in the older obese individuals. This increase in 
distribution directly alters the solubility and absorption of 
medications in the gastrointestinal tract  [  27  ] . Individualization 
to age, body mass index, and speci fi c comorbid processes 
will be crucial to optimize treatment and improve health 
outcomes  [  28  ] . 

  Key Points 

    Aging is an important factor in the biotransformation of • 
drugs with respect to their therapeutic ef fi cacy and safety; 
additional impaired systems and organ function lead to 
increased susceptibility to ADEs.  
  Pharmacokinetics refer to the absorption, distribution, • 
metabolism, and excretion of drugs in the body, and are 
altered with age.  
  Only the free-fraction drug undergoes metabolism in • 
the liver or clearance through the kidneys. The free 
fraction may be altered in debilitated or undernour-
ished patients in whom plasma proteins tend to be 
lower. Higher concentrations of free fraction can lead 
to more ADEs.  
  Age-related pharmacokinetic changes result from reduced • 
renal and hepatic clearance, prolonging the half-life of 
drugs.  
  Altered pharmacodynamics include sensitivity to several • 
drugs such as anticoagulants, psychotropic, and cardio-
vascular drugs.          
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         Introduction 

 Drug interactions may be broadly classi fi ed into three 
categories: drug–drug, drug–disease, and drug–nutrient 
interactions (DNI). Interactions involve pharmacokinetics 
and pharmacodynamics, resulting in ampli fi cation or 
nulli fi cation of the drug or nutrient effect. DNI is de fi ned as 
an alteration of pharmacokinetic or pharmacodynamic 
properties of a drug or a nutrient  [  1  ] , which leads to compro-
mise in nutritional status or complications  [  2  ]  or treatment 
failures  [  3  ] . Commonly consumed items such as leafy vege-
tables, ginger, garlic, caffeine, and grapefruit juice (GPJ) 
have potential for interactions. This review focuses on the 
burden imposed by DNIs, types of DNIs, responsible factors, 
special situations such as tube feeding and parenteral nutri-
tion, and their presentation (Table  10.1 ).  

 Up to 40–55% of older adults are subjected to polyphar-
macy (for the purpose of this discussion, refers to  fi ve or 
more medications), providing health providers opportunity 
for prevention  [  11,   12  ] . Elder patient prescriptions exceed 
30% of prescribed drugs  [  12  ] . Besides polypharmacy, sev-
eral factors render older adults prone to DNIs: comorbidi-
ties, age-related changes in pharmacokinetics and 
pharmacodynamics, malnutrition, individual variability, 
and reduced homeostatic reserves with age  [  12,   13  ] . With 
aging, alteration in pharmacokinetics and dynamics result 
by virtue of differences in body fat (increases), lean body 

mass (decreases), body water (decreases), and associated 
decline in renal and hepatic functions  [  11  ] . The Joint 
Commission which accredits hospitals expects every patient 
to be counseled on potential DNIs at the time of discharge 
from the hospital  [  14  ] . DNIs are common, with the poten-
tial for over 300 medications capable of interacting with 
food  [  15  ] .  

   Relevant Aging Changes That may be 
Contributory 

 Alterations in oral protective re fl exes, thickening of the 
smooth muscle layer of esophagus, reduced contraction 
velocity and duration, and decreased enteric plexus neurons 
 [  16  ]  may affect esophageal emptying. Gastric emptying is not 
signi fi cantly altered by age, but can be in the presence of dis-
ease or through medication effect. Older adults may have 
varying degrees of acid suppression, either from gastric dis-
ease (such as gastric atrophy) or from the use of acid-neutral-
izing agents. Alterations in gut motility from diseases such as 
scleroderma or diabetes and decreased splanchnic blood  fl ow 
(common with age) can alter bioavailability of drugs  [  17  ] . 
Passive intestinal permeability is probably unchanged in older 
age. Active transport of calcium  [  18  ]  and vitamin B12  [  19  ]  
may be impaired  [  11  ] . High permeable drugs de fi ned as drugs 
absorbed immediately, with high dissolution rates, are 
classi fi ed as Class I [highly permeable and highly soluble] 
according to Biopharmaceutical Classi fi cation System  [  20  ] . 
High permeable drugs depend on gastrointestinal blood  fl ow 
which diminishes with age  [  11  ] . Age-related reduction of 
hepatic blood  fl ow (could be as much as 40%) and hepatocyte 
mass may contribute to reduced hepatic drug clearance. A 
decline in hepatic drug clearance and renal function results in 
increased blood levels of some therapeutic drugs. With aging, 
there is a decline in phase I hepatic metabolism of drugs, a 
process dependent on hepatic blood  fl ow, with little change in 
phase II metabolism. Longitudinal studies suggest a decline 
in glomerular  fi ltration rate with age of about 1% per year, 
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with great variability in individuals; this decline would lead to 
decreased renal clearance of drugs  [  21  ] . 

 In a DNI, a “precipitant agent” causes the interaction and 
an “object agent” is the one affected; DNIs are of 4 types  [  1  ] : 
Type I, ex vivo bioinactivation, Type II, decreased/increased 
absorption, Type III, decreased/increased effect, and Type 
IV, decreased/increased clearance. 

  Type I—Ex vivo bioinactivation : Here a drug and nutrient 
interacts chemically or physically altering the bioavailability 
and absorption of either  [  1  ] . Common mechanisms involved 
are hydrolysis, oxidation, neutralization, and precipitation 
 [  22  ] . This interaction typically occurs with enteral tube feed-
ing. Antacids and tube feeding formulations (TFF) when 
given together clog the feeding tube  [  2  ] . TFF decrease phe-
nytoin absorption by forming protein complexes; TFF 
decrease warfarin absorption  [  2  ] . Fiber (pectin) decreases 
digoxin, lovastatin, acetaminophen, and penicillin absorp-
tion  [  2  ] . Zinc, calcium, and magnesium chelate tetracyclines, 
quinolones, and antacids; iron chelates levodopa; and sucral-
fate chelates protein components in the diet  [  2  ] . Syrups are 
commonly acidic in pH and when administered with tube 
feeds, form insoluble complexes  [  2  ] . 

  Type II interactions  are of three subtypes  [  22  ] : Type IIA: 
precipitant agents alter enzymatic functions, Type IIB: pre-
cipitant agents alter transport mechanisms, and Type IIC: 
complexations, chelation, and/or deactivating process. 

 Absorption of a nutrient is dependent on the food-calorie 
content, composition, volume, temperature of diet, amount 
of  fl uid ingested, and the fed status  [  11  ] . Drugs or nutrients 
that have the potential to alter gastrointestinal (GI) pH, motil-
ity, secretions,  fl ora, and mucosal morphology or function 
can consequentially be absorbed in higher or lower amounts 
 [  2  ] . Acidic pH facilitates absorption of certain nutrients or 
drugs such as iron, cyanocobalamin, thiamine, ketoconazole, 
and isoniazid, while alkaline pH facilitates absorption of 
cipro fl oxacin and omeprazole  [  2  ] . Gastrointestinal motility 
is affected by type and composition of diet, medications, dis-
ease processes and surgical interventions. Hyperosmolar 
diets, such as certain beverages, promote diarrhea through 
osmotic effects on the mucosa with a negative effect in both 
nutrient and drug absorption. GI motility affects the rate of 
absorption rather than the amount of absorption. Bile salts in 
the GI tract increase absorption of griseofulvin and atova-
quone. Mucosal integrity is well known to be altered by non-
steroidal anti-in fl ammatory drugs (NSAIDs) and aspirin. 
Black and green teas decrease bioavailability of folates  [  23  ] . 
Calcium-containing foods such as dairy products decrease 
the bioavailability of cipro fl oxacin  [  24  ] . Cow’s milk contains 
high levels xanthine oxidase, which can metabolize mercap-
topurine, decreasing its bioavailability when given concur-
rently  [  25  ] . 

 Through complex interactions, food increases the bioavail-
ability of several drugs: a partial list includes vitamin D supple-
ments  [  26  ] , cefuroxime, erythromycin ethylsuccinate, 
lovastatin, and lithium  [  22  ] , me fl oquine, tacrolimus, itracon-
azole capsules  [  27  ] , propranolol, hydrochlorothiazide, and 
aspirin  [  17  ] . Food decreases bioavailability of ampicillin, 
cipro fl oxacin, doxycycline, tetracycline, azithromycin capsules 
 [  28  ] , captopril, levothyroxine, indinavir  [  22  ] , omeprazole, 
lansoprazole, esomeprazole  [  29  ] , metformin  [  17  ] , and etidronate 
 [  30  ] . High-sodium diet decreases lithium absorption; protein in 
the diet decreases levodopa absorption  [  17  ] . Food has no effect 
on dexlansoprazole  [  29  ] , udena fi l  [  31  ] , and febuxostat  [  32  ]  
absorption. Metamucil and  fi ber bind calcium, iron, bile salts, 
and other drugs, decreasing their bioavailability  [  33–  35  ] . 

  Type III interactions  involve attaining the levels of drug or 
active metabolite required for action, whereas  Type IV inter-
actions  involve elimination of the drug via hepatic metabo-
lism or renal excretion. 

 The factors that in fl uence occurrence of DNIs include 
age, nutritional status, comorbidities, route used for nutri-
tion, composition and calories of diet, the type of drug, and 
therapeutic index of drug (Table  10.2 ). High-protein and 
low-carbohydrate diets decrease, while high-fat diet increases 
the half-life of theophylline  [  2  ] . Drugs that depend on hepatic 
extraction ratio such as metaprolol, propranolol, and labetalol 
are dependent on protein and fat in diet; this is because pro-
tein and fat increase splanchnic-hepatic blood  fl ow, thereby 
increasing hepatic extraction ratio, and increased drug bio-
availability  [  2,   36  ] .  

   Table 10.1    Categories of drug interactions   

 Drug–drug interactions 
  Proton pump inhibitors (PPIs) decrease thyroxine absorption  [  4  ]  
   PPIs may decrease formation of the active metabolite of clopidogrel  [  5  ]  
  Lansoprazole may increase ef fi cacy of warfarin  [  6  ]  
   Angiotensin converting enzyme inhibitors provided with NSAIDs 

cause hyperkalemia and worsening of hypertension 
   Warfarin and NSAIDs combination increase likelihood for 

gastrointestinal bleeding 
   Synthetic  fi ber, such as psyllium, decreases the absorption of 

statins, metformin, and digoxin 
 Drug–disease interactions 
   PPIs increase the risk of osteoporosis, hip fracture, and commu-

nity-acquired pneumonia  [  7  ]  
   Antibiotics increase risk for  Clostridium dif fi cile  associated 

diarrhea, secretory and in fl ammatory diarrhea  [  8  ]  
   Phenytoin, ferrous salts, calcium channel blockers, and anticholin-

ergics may cause constipation  [  8  ]  
   Worsening of gastroesophageal re fl ux disease may occur with 

bisphosphonates  [  8  ]  
  Long-term heparin and warfarin therapy may cause osteoporosis 
 Drug–nutrient interactions (DNIs) 
  PPIs may decrease vitamin B12 absorption  [  9  ]  
   Acid lowering drugs can decrease absorption of calcium, iron, folic 

acid, and vitamin B12  [  10  ]  
   Phenytoin increases metabolic breakdown of vitamin D and 

decreases levels 
   Cations in milk chelate iron, tetracyclines, and  fl uoroquinolones, to 

decrease absorption 
  Alcohol causes folic acid de fi ciency through multiple mechanisms 
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 Corticosteroids in fl uence glucose and protein metabolism; 
cyclosporine affects lipid metabolism. Antituberculosis drugs 
are typically used for several months with opportunity for 
nutrient depletion; isoniazid depletes vitamins B6, B3, and D; 
rifampin, a powerful CYP inducer, depletes vitamin D by 
inducing its metabolism through the CYP mechanism; etham-
butol depletes zinc and copper  [  37  ] . Phenytoin causes vita-
min D de fi ciency by inactivating the vitamin in the liver 
through CYP 450 induction; chronic use also causes folate 
de fi ciency, whereas folic acid supplementation leads to 
decline in phenytoin levels  [  1  ] . High doses of pyridoxine may 
decrease drug effect; pyridoxine enhances peripheral conver-
sion of levodopa, decreasing its ef fi ciency  [  38  ] , and increases 
phenytoin metabolism, leading to subtherapeutic levels  [  15  ] . 
Valproic acid induces carnitine de fi ciency and may cause 
encephalopathy  [  3  ] . Corticosteroids and salicylates deplete 
vitamin C levels  [  15  ] . Most antibiotics deplete the B vita-
mins, and may deplete calcium, iron, and magnesium  [  37  ] . 
Table  10.3  provides examples of DNIs leading to nutrient 
de fi ciencies  [  10  ] .  

 Most drugs are cleared by renal or hepatic metabolism. In 
older adults, drugs with high hepatic extraction have 
decreased clearance compared to drugs with low hepatic 
extraction  [  21  ] . Examples of drugs characterized by  
decreased hepatic clearance include    theophylline, amio-
darone, cyclosporine, diltiazem, naproxen, warfarin, vera-
pamil, and morphine  [  21  ] . Long-term use of loop diuretics as 
in ascites or heart failure increases excretion of thiamine, 
ribo fl avin, pyridoxine, zinc, calcium, magnesium, and potas-
sium, seldom recognized in management  [  2  ] . Low-protein 

diets raise urinary pH; an alkaline urinary pH enhances renal 
reabsorption of quinidine and allopurinol, but increases 
excretion of nitrofurantoin. High-protein diets decreases uri-
nary pH, and increase excretion of amitriptylline, an antide-
pressant associated with side effects. Medications provided 
as solutions with sorbitol-based elixirs via feeding tubes may 
cause osmotic diarrhea  [  39  ] .  

   Table 10.2    Key factors leading to DNIs  [  2  ]    

 Patient 
  Age 
  Nutritional status: obesity and undernutrition 
   Consumption of herbals or supplements without prescription and 

health provider awareness 
   Comorbidity: renal, hepatic or cardiac failure, diabetes mellitus, 

small intestinal bacterial overgrowth syndromes 
  Consumption of drug with vehicles other than water 
 Nutrient 
  Delivery method of nutrient 
   Composition of food and state of stomach (fasting or postprandial) 
  Feeding modality 
    Feeding tube location: hypertonic or hyperosmolar feeds are better 

tolerated through gastric feeding versus jejunostomy feeding 
    Composition of feed: protein (casein) prone to form insoluble 

complexes in acidic solutions such as syrup 
   Maintenance protocols, including frequency of tube  fl ushes 
 Drug 
   Narrow therapeutic index increases likelihood for DNIs (theophyl-

line, phenytoin, warfarin, digoxin) 
  Steep dose–response curve: steroids, rifampin, and carbamazepin 
   Potency, protein binding characteristics: anticoagulants, digoxin, 

phenytoin 

   Table 10.3    Nutrient depletion from long-term medication use  [  10  ]    

 Medication or class 
of medication  Nutrient depleted 

 Antibiotics 
   Penicillins, cephalosporins, 

macrolides, quinolones, 
aminoglycosides, 
tetracyclines. 

 Vitamins B1, B2, B3, B6, B12, and 
K; calcium, magnesium, and iron 

  Neomycin  Vitamins A and B12 
  Co-trimoxazole  Folic acid 
  Isoniazid  Vitamins B3, B6, and D 
  Rifampin, phenytoin  Vitamin D 
 Antidiabetics 
  Metformin  Vitamin B12 
 Corticosteroids 
  Cortisone, dexamethasone 
  Methylprednisolone 
  Triamcinalone 

 Folic acid 
 Potassium 
 Zinc, vitamins C and D 

 Psychotherapeutic drugs 
   Tricyclic antidepressants, 

phenothiazines 
  Haloperidol 

 Coenzyme Q10 and vitamin B2 
 Coenzyme Q10 

 Anti-in fl ammatory/analgesics 
   Nonsteroidal anti-

in fl ammatory drugs 
  Salicylates 

 Iron and folic acid 

 Iron, folic acid, potassium, sodium, 
and vitamin C 

 Cardiovascular drugs 
   Angiotensin converting 

enzyme inhibitors 
  Digoxin 
   Chlorthalidone, 

hydrochlorothiazide 
  Loop diuretics 

  Hydralazine 

 Zinc 

 Magnesium, potassium 
 Zinc, potassium, B vitamins 

 Calcium, magnesium, potassium, 
zinc, vitamins B1, B6 
 Vitamin B6 and coenzyme Q10 

 Anticonvulsants 
  Barbiturates 
  Phenytoin 

  Carbamazepine 

 Calcium, folic acid, vitamin D and K 
 Calcium, folic acid, vitamins B1, 
B2, and D 
 Folic acid, and vitamin D 

 Miscellaneous 
  Mineral oil 

   H2 receptor antagonists, 
PPIs 

  Cholestyramine, colestipol 

  Sulfasalazine 

 Calcium, beta-carotene, vitamins A, 
D, and E 
 Calcium, iron, folic acid, zinc, 
vitamin B12 
 Calcium, iron, magnesium, zinc, 
folic acid, vitamins A, B12, D, E, 
and K 
 Folic acid 
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   Select Common Drug–Nutrient Interactions 

  Warfarin : Is a drug commonly used in the old and associated 
with serious adverse drug events (ADEs) because of drug–
drug interactions or DNIs; geriatric patients are commonly 
on warfarin for thromboembolic prophylaxis. DNIs may 
cause potentiation of drug effect and adverse events, typi-
cally bleeding, or a decrease in anticoagulant effect, with 
higher likelihood for thromboembolism. Warfarin kinetics 
and dynamics are in fl uenced by several drugs, herbs, and 
dietary components. Foods with high vitamin K such as cru-
ciferous vegetables, spinach, avocado, asparagus, green teas, 
canola oil, soy oils, and liver tend to decrease the INR 
(International Normalized Ratio), while warfarin effect is 
potentiated by 3G’s, garlic, ginger, and ginkgo  [  40  ] . Ginseng 
is reported to blunt warfarin action and increase thrombotic 
effect  [  41  ] . Decrease in plasma levels of warfarin and antico-
agulant effect is noted with St. John’s wort (SJW). Saw pal-
metto, a berry extract used for treatment of benign prostatic 
hyperplasia, potentiates anticoagulant effect of warfarin and 
bleeding from NSAIDs  [  42  ] . Although several studies fail to 
con fi rm an interaction between warfarin and cranberry juice, 
case reports suggest an increase in the INR in those on war-
farin ingesting cranberry juice  [  43–  45  ] . Patients tend to use 
herbals on their own and do not necessarily inform the doc-
tor; it is essential to counsel patients on warfarin about the 
potential for DNIs as a safety goal  [  46  ] . Patients are allowed 
to consume green leafy vegetables, but need to keep their 
dietary habits regular and avoid periodic excesses or major 
diet alterations  [  46  ] . 

  Alcohol:  While alcohol is not a drug, at-risk alcohol intake 
(>7 standard drinks per week or >3 drinks per occasion for 
women and >14 per week or >4 drinks per occasion) is noted 
on average 2–3% for women and 9–10% for men aged over 
65 years  [  47  ] . Excessive alcohol intake leads to malabsorp-
tion of several nutrients; for example alcohol decreases folate 
binding at the enterocyte  [  48  ]  and possibly interferes with 
the enterohepatic circulation, causing folic acid de fi ciency 
 [  49  ] . Alcohol also increases renal excretion of folate and has 
an overall negative impact on folate status. 

  Caffeine:  Caffeine is a white crystalline xanthine alkaloid 
that tastes bitter. Per capita consumption in the USA is 
approximately 300 mg per day per individual, three times 
the global average  [  50  ] . Caffeine amount varies widely 
from 71 to 220 mg per 150 mL of coffee, 32–42 mg per 
150 mL of tea, and 32–70 mg per 330 mL of cola  [  50,   51  ] . 
Caffeine is metabolized by cytochrome P450 system and 
competitively interacts with substrates. Caffeine intake 
greater than 300 mg per day increases bone loss by inhibit-
ing osteoblast formation and decreasing vitamin D receptor 
expression, an observation in lean postmenopausal women 

 [  52,   53  ] . The caffeine induced urinary calcium loss from 
coffee is not sustained over 24 h and can be somewhat 
countered by consuming a glass of milk for each serving of 
coffee ingested  [  54  ] . Caffeine potentiates antimigraine 
medications  [  55  ]  and decreases ef fi cacy of antiseizure 
medications  [  56  ]  and sedatives  [  57  ] . Although tea also con-
tains caffeine, its other components such as  fl avonoids may 
favorably in fl uence BMD to protect against osteoporosis; 
the effect of habitual tea drinking on bone density is small 
as shown in studies and does not signi fi cantly alter fracture 
risk in postmenopausal women  [  58–  60  ] . Table  10.4  provides 
caffeine-related interactions.  

  Smoking:  It decreases the levels of caffeine, theophylline, 
propranolol, heparin, and warfarin  [  64  ] . Smoking slows 
insulin absorption after subcutaneous administration  [  65  ] , 
while it increases peak levels and total absorption of inhaled 
insulin  [  66  ] . It also decreases ef fi cacy of inhaled steroids  [  66  ] , 
sedatives, and opioid analgesics  [  65  ] . 

  Vitamin D:  Phenytoin, carbamazepine, levetiracetam, isoni-
azid, and rifampin increase metabolism of vitamin D and 
decrease the levels. Valproic acid interferes with hydroxyla-
tion of vitamin D in liver, thereby decreasing the effective 
form of vitamin D level. Calcium channel blockers, cimeti-
dine, and statins decrease endogenous production of vitamin D. 
Fibrates, mineral oil, cholestyramine, colestipol, and orlistat 

   Table 10.4    Caffeine-related drug interactions  [  61–  63  ]    

 Drug/nutrient/disease  Effect of caffeine 

 Minor 
  Aspirin 
  Dipyridamole 
  Melatonin 
  Cimetidine 
  Nicotine 
  Diazepam  [  61  ]  
  Grapefruit juice (GPJ) 

 Increased aspirin levels 
 Decreased effect of dipyridamole 
 Increased serum concentrations 
 Caffeine effects may be increased 
 Decreased caffeine activity 
 Decreased serum levels 
 Increases the effect of caffeine 

 Moderate 
  Adenosine 
  Theophylline 
  Atazanavir 
  Cipro fl oxacin 
  Lithium 
  Fluvoxamine  [  63  ]  
  Methotrexate (MTX) 

  High blood pressure  [  62  ]  

   Gastroesophageal re fl ux 
disease 

 Decreased ef fi cacy of adenosine 
 Increased serum concentrations 
 Increased serum concentrations 
 Caffeine effects may be increased 
 Increased renal lithium excretion 
 Increased caffeine concentrations 
 Decreased ef fi cacy of MTX 
[>180 mg caffeine/day] 
 Increase in systemic vascular 
resistance 
 Caffeine relaxes LES and worsens 
GERD 

 Major 
  Tizanidine 
  Peptic ulcer 

 Increased levels of tizanidine 
 Caffeine stimulates gastric acid 
secretion 
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decrease absorption of vitamin D. Gabapentin interferes with 
vitamin D physiology at all levels such as absorption, pro-
duction, and function; adequate vitamin D status reduces 
side-effects of gabapentin. On the other hand, vitamin D 
optimizes the ef fi cacy of NSAIDs. Hydroxychloroquine 
blocks the formation of active complex of vitamin D. Oral 
steroids decrease the absorption of vitamin D. Vitamin D 
ampli fi es digoxin effects and toxicity by increasing calcium 
absorption  [  67  ] . 

  Vitamin B12 : Vitamin B12 is commonly prescribed or con-
sumed by older adults. Although gastric acidity and intrinsic 
factor are required for vitamin B12 absorption, the literature 
has con fl icting results in demonstrating the in fl uence of a 
decline in acidity through proton pump inhibitors (PPI) and 
H2 blockers on B12 absorption and levels  [  9,   68,   69  ] . Our 
studies suggest that H2 receptor blockers had no effect on 
vitamin B12 status but long-term PPI use for years caused a 
decline in B12 status  [  9  ] . The difference between H2 block-
ers and PPIs on B12 status may relate to the more potent and 
prolonged acid suppression achieved by PPIs  [  9  ] . However, 
absorption of crystalline B12 supplements is not affected by 
gastric acidity  [  70  ] . Long-term metformin therapy is now 
known to affect vitamin B12 status by decreasing uptake of 
B12 via calcium-dependent ileal cell membrane receptors 
 [  71  ] . This can be overcome with calcium supplementation 
 [  71  ] . Cholestyramine and colchicine can decrease vitamin 
B12 absorption  [  10  ] . 

  Bisphosphonates:  Oral bioavailability of most bisphospho-
nates is very low at 1–5%, being the reason to administer the 
drug only with water  [  72–  74  ] . Food decreases the rate of 
absorption but not the extent of the absorption  [  75  ] . Milk, 
coffee, and orange juice decrease oral bioavailability  [  74  ] . 
Acid suppressants such as H2 receptor blockers increased 
bioavailability of bisphosphonates  [  74  ] .  

   Unique Situations in Geriatrics 

  Tube feeding:  Many elderly in long-term care are dependent 
on enteral tube feeding and receive medications through the 
same tube, typically a gastrostomy. Medications need to be 
administered with at least 30 mL of free water, and the tube 
must be  fl ushed with free water before and after medication 
administration to minimize interactions and enhance bioavail-
ability. Immediate release formulations or tablets are pulver-
ized and mixed with free water before administration; they 
should never be mixed in the bag containing TFF  [  76  ] . Liquid 
formulations are preferred for jejunostomy tubes which are 
small bored tubes, to minimize occlusion  [  76  ] . Enteric coated 
and extended release formulations will lose bioavailability 
characteristics if crushed and therefore cannot be administered 

via enteral tubes  [  77  ] . PPIs are best provided with acidic fruit 
juices via gastrostomy, but with milk or sodium bicarbonate 
slurry via jejunostomy  [  78  ] . Warfarin binds to enteral tubes 
irreversibly at variable rates, with decline in bioavailability; 
therefore, concentrated warfarin is administered rapidly with 
free water  fl ushes before and after the administration  [  79  ] . 
Compatibility of liquid formulations of psychotropic medica-
tions is detailed in Table  10.5 . DNIs, including enteral feeding 
recommendations, are listed in Table  10.6 .   

   Table 10.5    Psychotropic liquid formulations and interactions  [  80  ]    

 Medication  Compatible with  Incompatible with 

 Risperidone  Water, coffee, orange 
juice, low-fat milk 

 Cola or tea 

 Fluphenazine  Tomato juice, milk  Caffeine, tannins, apple juice 
 Thioridazine  Acidic juices  Water, milk, caffeine, tea 
 Doxepin  Ensure, TwoCal HN, 

milk, juices 
 Carbonated beverages 

   Table 10.6    Drug-enteral nutrition interaction and recommendations a   [  81  ]    

 Acyclovir, valacyclovir (Grade 2C): No medication administration 
changes required 
 Aminophylline (Grade 1A): High-protein and carbohydrate-diets 
decreases absorption 
 Amiodarone (Grade 2C): No medication administration changes 
required. Drug is administered with meals, as food increases the rate 
and amount of absorption 
 Amoxycillin-clavulanic acid (Grade 2C): No medication administra-
tion changes required; fasting decreases the absorption rate 
 Azithromycin (Grade 2C): For tablet form, no administration changes 
required 
 Carbamazepine (Grade 2B): Suspension must be diluted with equal 
amounts of water; when provided with tube feeding formulations, 
bioavailability is signi fi cantly reduced 
 Cimetidine and ranitidine (Grade 2B): No administration changes 
required 
 Cipro fl oxacin (Grade 2B) and levo fl oxacin (Grade 2C): are not be 
administered via feeding tubes; food is provided an hour before or 2 h 
after cipro fl oxacin 
 Clindamycin (Grade 2C): No medication administration changes required 
 Cyclosporine (Grade 2C): No medication administration changes 
required 
 Diazepam (Grade 2B): Solution form not to be given via enteral 
feeding tubes; tablets preferred 
 Diltiazem (Grade 2C): No medication administration changes are 
needed 
 Fluconazole (Grade 1A): No medication administration changes 
required 
 Hydralazine (Grade 2B): No medication administration changes 
required 
 Lansoprazole, pantoprzaole, and omeprazole (Grade 2B): Separate 
from food intake by an hour before and after medication. For tube 
feeds lansoprazole in granules can be given either with acidic juices 
(apple or orange) or alkaline solutions (sodium bicarbonate) depend-
ing on the diameter of the enteral tube. (For small tubes prefer 
alkaline, for large, prefer acidic juices) 

(continued)
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  Parenteral nutrition and interactions : Although this feeding 
route is an uncommon mode of nutrition in geriatric patients, 
it is worthwhile reviewing the compatibility of various medi-
cations with parenteral nutritional formulations. Intravenous 
lipid formulations derived from phytosterols (saf fl ower and 
soybean oil) contain vitamin K, a factor that lowers the INR 
of patients on warfarin  [  78  ] . Drug compatibility with paren-
teral nutrition is listed in Table  10.7 .   

   Herbs, Fruits, Vegetables, Supplements and 
Drug Interactions 

 Herbs are of plant origin, including any part from root to 
 fl owers or seeds. Herbal medications are used by 20–49% of 
the US population for a variety of reasons. In the USA, herbs 

are regarded as dietary supplement; they are easily available 
over the counter, but unlike drugs are not tightly regulated by 
the FDA with regards to accuracy of ingredients and safety 
 [  15,   83  ] . The most commonly used herbals, based on sales in 
the USA. are Echinacea, garlic,  Ginkgo biloba , saw palmetto, 
ginseng, grape seed extract, green tea, SJW, bilberry, and 
aloe; systematic reviews suggest few are likely to be effective 
 [  84  ] . Herbs contain potent bioactive substances that may 
bene fi t from more stringent regulation, as with prescribed 
drugs  [  84  ] . Table  10.8  lists documented, inconclusive, and 
anticipated interactions of herbal medicines with food and 
involvement of the cytochrome isoenzymes in humans  [  85  ] .  

 GPJ is popular, with the USA being the largest supplier 
and consumer of grapefruit; it provides B and C vitamins, as 
also potassium and magnesium. GPJ inhibits intestinal cyto-
chrome P450 isoenzymes, 11B-hydroxysteroid dehydroge-
nase, OATP-A transporter protein, and  P -glycoprotein ef fl ux 
transporter protein  [  86  ] , thereby increasing bioavailability 
of nicardipine, nimodipine, felodipine  [  87  ] , cyclosporine 
 [  3  ] , diazepam, midazolam, erythromycin, lovastatin, sim-
vastatin, sildena fi l, buspirone, tacrolimus  [  88  ] , atorvastatin, 
and sertraline  [  22  ] . GPJ inhibits OATP-A and B transporters 
decreasing bioavailability of fexofenadine and aliskiren 
 [  89  ] . Whole grapefruit does not have similar interactions 
 [  78  ] . Interestingly, GPJ does not affect levels of  fl uvastatin, 
pravastatin, and rosuvastatin, as they are not metabolized by 
CYP 3A4 intestinal enzyme. The inhibition does not affect 
enzymes in the liver. By inhibiting the metabolism of drugs, 
there is an increase in plasma drug concentration and area 
under the concentration time curve (AUC). GPJ increases 
the systemic bioavailability and cardiac repolarization of 
terfenadine in poor metabolizers of the drug, and does not 
reduce the oral bioavailability of desloratadine  [  86  ] . Patients 
must not be forbidden from consuming GPJ, which is con-
sumed by nearly half the US population; instead, they are 
told to consume juice in reasonable amounts maintaining 
regularity in habits for both the juice and medications  [  88  ] . 
The inhibitory effect on CYP3A4 is reversible, with the GPJ 
effect lasting approximately 24 h and so medications do not 

Table 10.6 (continued)

 Levothyroxine (Grade 2B): Separate food from drug by an hour before 
or after administration 
 Linezolid (Grade 1A): No medication administration requirements 
 Lorazepam (Grade 2C): No medication administration requirements 
 Metoprolol (Grade 2C): No medication administration requirements 
 Metronidazole (Grade 2C): No medication administration 
requirements 
 Penicillin V (Grade 2B): must be separated from food intake by an 
hour before and 2 h 
 Phenytoin (Grade 2B): must be separated from food intake by an hour 
before and 2 h 
 Tacrolimus (Grade 1B): No medication administration requirements 
 Theophylline (Grade 2B): Separate food from drug by an hour before 
and after administration 
 Valproic acid (Grade 2C): No medication administration requirements 
 Warfarin (Grade 2B): Separate food from medication by an hour 
before and after administration. Caution with use of ginger, garlic, 
ginkgo, and soy protein containing formulations 

   a Recommendations may be: 
 Grade 1A: Strong recommendations with high quality of evidence 
 Grade 1B: Strong recommendations with moderate quality of evidence 
 Grade 1C: Strong recommendations with low quality of evidence 
 Grade 2A: Weak recommendations with high quality of evidence 
 Grade 2B: Weak recommendations with moderate quality of evidence 
 Grade 2C: Weak recommendations with low quality of evidence  

   Table 10.7    Drug incompatibility with parenteral nutrition  [  82  ]    

 Aminoacids and carbohydrates in solution 
   Penicillins, cefazolin, metoclopromide, midazolam, phenytoin, 

sodium and potassium phosphate, sodium bicarbonate, 
cyclosporine, furosemide, cisplatin, cytarabine, methotrexate, 
doxorubicin,  fl uorouracil, amphotericin B, acyclovir, gancyclovir, 
and immune globulins 

 Aminoacids, carbohydrates and fat emulsions 
   Ondansetron, erythromycin, haloperidol, lorazepam, midazolam, 

phenytoin, hydromorphone, morphine (high concentrations), 
cyclosporine, dopamine, doxorubicin,  fl uorouracil, acyclovir, 
gancyclovir, heparin, and immune globulins 

   Table 10.8    Level of evidence for interactions of select foods and 
herbs with CYP system  [  85  ]    

 Well documented 
  Food: GPJ, pomelo juice, bitter oranges, red wine, white wine 
  Medicinal herbs: St. John’s wort (SJW), herbal teas, goldenseal 
 Inconclusive evidence 
  Food: Coffee, garlic, pepper, cranberry juice, tangerine 
   Medicinal herbs: Ginkgo, ginseng, milk-thistle, saw-palmetto, 

echinacea, black cohosh, valerian 
 Anticipated risk of interactions (in-vitro evidence) 
  Food: Soy protein, pomegranate juice,  fi sh oil 
   Medicinal herbs: Kava, feverfew, cat’s claw, frankincense, dong quai, 

phellodendron, evening primerose 
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have to be taken separately from the juice. Those on affected 
medications may preferably consume less than 250 mL of 
GPJ daily as larger amounts may inhibit CYP 3A4 intestinal 
enzyme for 24–72 h. Naringenin, a  fl avonoid component of 
citrus juices (grape and orange), interacts with amiodarone, 
quinidine, dofetilide, thereby increasing risk for arrhyth-
mias  [  90  ] . Interestingly, GPJ appears to have no effect on 
warfarin kinetics, while it does increase the absorption of 
sildena fi l. 

 SJW is a commonly used herbal supplement; it is a potent 
inducer of CYP450 enzymes and  P -glycoprotein leading to 
interactions with several drugs. SJW decreases the levels of 
cyclosporine, simvastatin, midazolam, nifedipine, theophylline, 
warfarin, amitriptyline, HIV protease inhibitors and non-nucle-
oside reverse transcriptase inhibitors, phenytoin, phenobarbi-
tone, warfarin, digoxin, and tacrolimus; it potentiates sumatriptan 
and selective serotonin re-uptake inhibitors  [  38,   91,   92  ] . 
Piperine, an active ingredient of black pepper may alter the bio-
availability of drugs via these mechanisms: inhibiting CYP450 
family of enzymes, to increase bioavailability of phenytoin, pro-
pranolol, cyclosporine A and digoxin  [  93  ] . For other herbals, 
dietary supplements, and drug interactions see Table  10.9 .   

   The Goal: Minimize Occurrence of DNIs 

 Minimizing the occurrence of DNIs should be a goal for 
healthcare providers who care for older adults in any setting. 
Factors that limit understanding and limit provider efforts 
include time constraints, shorter hospital stays, inadequate 

understanding of the vast drug formularies and interactions, 
and inadequate efforts directed at medication reconciliation 
and diet history. Nutritionists, nurses, pharmacists, and phy-
sicians must utilize multidisciplinary efforts and a coordi-
nated approach to bene fi t the patients and prevent adverse 
outcomes. Standard drug administration schedules, educa-
tion of healthcare providers and involved staff, proper label-
ing, computerized drug interaction screening and warning 
software along with patient counseling are helpful in mini-
mizing the occurrence of DNIs  [  28  ] . 

  Key Points 

    DNIs are common in the geriatric population, predisposed • 
by polypharmacy and age-related physiological changes 
or diseases.  
  Commonly used drugs involved in DNIs include warfarin, • 
phenytoin, bisphosphonates, PPIs, antimicrobials, and 
cardiac drugs.  
  Foods may nullify, potentiate, delay, or accelerate medi-• 
cation effects.  
  Long-term medication adverse effects include nutrient • 
depletion, typically vitamins and minerals.  
  Garlic, ginger, ginseng, gingko, Echinacea, SJW and saw • 
palmetto, and other herbs may contribute to life-threaten-
ing drug interactions.  
  Providers need awareness of drug interactions with com-• 
mon dietary items such as GPJ, green leafy vegetables, 
dairy products, and caffeine in view of their everyday use.  

   Table 10.9    Commonly used herbs, dietary supplements and drug interactions  [  2,   15,   43,   44,   94–  100  ]    

 Herb  Effect 

 Ginkgo  [  101  ]   Increase in serum concentrations of acetaminophen, diazepam, tramadol, 
simvastatin, amitriptyline, aspirin, losartan 

 Kava  [  94  ]   Increases effects of anxiolytics and alcohol 
 Glucosamine  [  101  ]   Decreases analgesic effect of acetaminophen 

 Potentiates hypoglycemic effect of glyburide 
 CoenzymeQ10  [  101  ]   Enhances effects of thiazides, fosinopril, metformin, and glipizide. 
 Olive oil  [  95  ]   Increases hypolipidemic action of statins 
 Echinacea  [  101  ]   Increases the drug level of simvastatin, lansoprazole, and losartan 
 Garlic  [  101  ]   Increases effects of simvastatin, warfarin, ibuprofen, and antihypertensive 

medications 
 Saw palmetto,  fl axseed oil  [  101  ]   Increase bleeding complications of aspirin and warfarin 
 Brussels sprouts and cruciferous vegetables  [  96  ]   Increase the metabolic clearance of warfarin 
 Pummelo juice  [  98  ]   Decreases bioavailability of sildena fi l by 40% 
 Green tea, black tea, seaweed (wakame), carotenoids  [  99  ]   Potentiate antihypertensive medications 
 Cranberry juice  [  43,   44  ]   Uncertain effect on warfarin and diclofenac 
 Fish oils and vitamin E  [  2  ]   Increase the effects of anticoagulation 
 Tomatoes, egg plants, potatoes  [  15  ]   Delay recovery from anesthesia by inhibiting cholinesterases 
 Licorice  [  101  ]   Decreases the effects of antihypertensives 
 Soybeans, broccoli, cauli fl ower  [  15  ]   Predispose for hypothyroidism and goiter 
 Guar gum  [  15  ]   Decreases absorption of metformin 
 Black pepper, piperine  [  93  ]   Short term: increases bioavailability of phenytoin, propranolol, theophylline, 

nevirapine, rifampin, and coenzyme Q10 
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  As a general rule, to minimize DNIs, medications are best • 
administered with water for optimal absorption; water 
should be adequate in quantity to ensure easy passage 
through the esophagus.  
  Prevention includes a periodic, meticulous medica-• 
tion history in every older adult; the history should 
undoubtedly include enquiry about herbal and nutritional 
supplement intake.          
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         Introduction 

 The Food and Agriculture Organization (FAO) of the United 
Nations de fi nes probiotics as “live microorganisms which, 
when administered in adequate amounts, confer a health 
bene fi t on the host”  [  1  ] . This de fi nition does not clearly iden-
tify the organisms coming from humans. Most authorities in 
probiotics do de fi ne probiotic microorganisms as human 
bacteria and most originate from the anaerobic  fl ora. 
Although important probiotics such as  Escherichia coli  
Nissle strain and  Saccharomyces boulardii  are exceptions 
that do not come from anaerobes, most of the probiotics do 
belong to the genus  Lactobacillus  or  Bi fi dobacteria   [  2  ] . 
Probiotics are organisms that are fed in supplements and are 
classi fi ed as nutritional supplements. They may be fed in 
foods such as yogurts or in capsules and powders where they 
are usually freeze-dried. When fed, they become part of the 
micro fl ora of the gastrointestinal tract. Once in the micro fl ora, 
they can readily be recovered from the stool  [  3,   4  ] .  

   The Micro fl ora in the Human Life Cycle 

 The micro fl ora of the gastrointestinal tract varies greatly in 
the life cycle of humans. The tract is sterile before birth, and 
following a natural childbirth, the  fl ora is initially colonized 
and becomes complex re fl ecting the maternal  fl ora  [  5  ] . 
Common lactic acid-producing organisms, usually probiot-
ics from the genus of both  Bi fi dobacterium  and  Lactobacillus  
colonize early after normal childbirth, but when the birth is 
cesarean, these species are often delayed up to 30 days  [  5  ] . 
In breast-fed infants,  Bi fi dobacterium  is the primary organ-
ism with  Lactobacillus  and  Streptococcus  being minor 

components  [  5  ] . In formula fed infants,  Bacteroides  and 
 Bi fi dobacteria  are the major organisms, with minor compo-
nents of more pathologic species such as  Staphylococcus , 
 E. coli , and  Clostridia   [  5  ] . Once infants and children are fed 
regular foods, the  fl ora reaches a content as is found in adults 
where the organisms in the colon are primarily anaerobic and 
100–1,000 times more common than the aerobes  [  6  ] . There 
are approximately 500 species and numerous more strains, 
but the most common still belong to the anaerobic species of 
 Bacteroides ,  Bi fi dobacteria , and  Lactobacilli   [  6  ] . When 
humans reach maturity, the mouth contains its own rich 
anaerobic  fl ora. The stomach is relatively sterile due to its 
high acid output. Growth in the duodenum and proximal 
jejunum is approximately 10 2  to 10 5  of colony forming units 
(CFU)/mL content. In the small bowel, the counts increase 
reaching 10 8 –10 10  in the distal ileum and anywhere from 10 13  
to 10 14  in the colon. These extremely high counts establish 
that there are more bacterial cells in the colon than cells 
within the human body  [  6,   7  ] . 

 In the ecosystem of microecology, foods and, hence, cul-
ture will affect the content signi fi cantly. As demonstrated by 
Finegold’s initial identi fi cations, high  fi ber, high vegetable 
foods will result in a dramatically different  fl ora compared to 
humans eating more protein or animal foods  [  8  ] . Most of the 
data identifying these relationships were collected with stan-
dard biochemical delusion techniques. With the new rRNA 
polymerase identi fi cations, there is a greater ability to iden-
tify more genera, but it is still dif fi cult to identify a great 
number of species  [  9  ] . 

 New techniques have found that there are four main fami-
lies of bacteria: Firmicutes, Bacteroidetes, Proteobacteria, 
and Actinobacteria  [  10  ] . In addition, it is also now known 
from several studies through rRNA techniques that a com-
mon organism in normal controls is  Faecalibacterium praus-
nitzii  and that this organism appears decreased in 
gastrointestinal diseases such as In fl ammatory Bowel Disease 
(IBD)  [  11  ] . In adulthood, the micro fl ora appears to be stable 
in a given individual  [  8,   12,   13  ] . Alterations induced by anti-
biotics, drugs, food binging, or supplements appear temporary, 
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and the  fl ora remains stable in a given individual. Investigators 
have noted that  Bi fi dobacteria  seem to decline with age, 
while  Clostridia ,  Lactobacilli ,  Coliforms , and  Enterococci  
tend to increase  [  12,   14  ] . Tiihonen et al. studied this subject 
but concluded that there is no simple marked change in the 
fecal microbiota composition  [  12  ] . He observed that geogra-
phy plays a role in that the changes vary in different coun-
tries as noted in studies from France, Italy, Germany, and 
Sweden. 

 Using sophisticated human intestinal tract chip and quan-
titative PCR of 165 rRNA genes, Biagi et al. found age 
related differences in the gastrointestinal tract microbiota. 
Studying adults, elderly, and centenarians, they found that 
the  fl ora of adults and elderly are similar, but those of cente-
narians differed signi fi cantly  [  15  ] . They found a rearrange-
ment in the Firmicutes, an increase in facultative anaerobes, 
and a marked decrease in  F. prausnitzii . The conclusions 
were that aging at the level of centenarians affects the struc-
ture of the human gut microbiota. In so doing, it also proba-
bly affects the host’s immune response system. This is only 
one observation, yet it was also one using new and sophisti-
cated identi fi cation techniques. Future research will have to 
verify these  fi ndings and determine their signi fi cance. 

 Woodmansey also stressed that the colonic microbiota is 
relatively stable throughout adult life but there are changes in 
the elderly and recorded a decrease in the number of faculta-
tive anaerobes, particularly of the  Bacteroides  group anaero-
bic  Lactobacilli  and  Bi fi dobacteria . These shifts may occur 
because of diseases of the gastrointestinal tract in the elderly 
or dietary changes  [  16  ] . The exact reasons are uncertain.  

   Metabolic Effects of Transit Time 
and Probiotics in the Elderly 

 A stimulant of colonic motility (e.g., senna) or a deterrent to 
colonic motility (codeine or loperamide) affects the 
micro fl ora. When the transit time was increased by the slow-
ing agents, the excreted mass decreased, and the bacterial 
mass also signi fi cantly decreased  [  17  ] . Conversely, when the 
colon motility was stimulated, the transit time decreased, but 
the fecal excretion increased and the bacteria mass 
signi fi cantly increased. This experiment clearly indicated 
that the transit time is inversely related to the micro fl ora. 
Much of the geriatric population has problems with defeca-
tion with increasing constipation  [  18  ] , and it can be assumed 
there is decreased transit time. With this decreased transit 
time, there is an associated change in the micro fl ora  [  17  ] . 
With change in the bacterial  fl ora, there is increased protein 
fermentation with the putrefactive process producing more 
ammonia and amines  [  19  ] . Therefore, it is postulated that 
constipation, a decrease in fecal mass, and a change in the 

micro fl ora could result in deleterious metabolic effects which 
may be corrected by either stimulating the bowel, i.e., intro-
ducing prebiotics that would stimulate a bene fi cial change in 
the micro fl ora, or adding probiotics that would give the same 
results  [  20  ] . These effects are discussed under treatment of 
constipation with prebiotics or probiotics. 

 Since there is a change in the micro fl ora and apparent 
associated delay in transit time, these observations correlate 
with the change in the metabolic effects of the  fl ora  [  16–  20  ] . 
Metchnikoff in his Noble-Prize-winning thesis postulated 
that aging was related to increased putrefaction in the gut 
 [  21  ] . In a randomized, double-blind, placebo controlled 
human dietary study, it was shown that reconstituted skim 
milk containing  Bi fi dobacteria lactis  HN019 resulted in an 
increased number of resident  Bi fi dobacteria , reduced the 
 Enterobacteria  counts as well as increased the  Enterococci  
and  Lactobacilli . The conclusion was that this food could 
produce desirable changes in the intestinal micro fl ora of the 
elderly  [  22  ] . These results are reinforced by the work of 
Lahtinen et al. who showed that a fermented oat drink could 
modulate the  Bi fi dobacteria  micro fl ora in elderly subjects 
 [  23  ] . They did both quantitative PCR and plate counting after 
feeding the fermented oat drink that contained  Bi fi dobacterium 
longum  46 and  B. longum  2C for 6 months. Speci fi cally, the 
 Bi fi dobacterium catenulatum ,  Bi fi dobacterium bi fi dum , and 
 Bi fi dobacterium breve  were all enhanced  [  23  ] . The conclusions 
were reinforced by the work of Matsumoto et al. who showed 
that  Bifi dobacterium animalis     subspecies  lactis  LKM512 
when fed to a hospitalized elderly population resulted in a 
dramatic increase in the probiotic fed as a yogurt  [  24  ] . It 
should be kept in mind that the positive effects of feeding 
probiotics in pills or foods to change the micro fl ora in the 
elderly can be enhanced by the use of prebiotics  [  25  ] . Both 
 oligofructose  and inulin effectively increase the growth of 
 Bi fi dobacteria  in the intestine, and their use in conjunction 
with probiotics is helpful in altering the  fl ora  [  25  ] . 

 In a careful study on age of the metabolic characteristics 
of the fecal micro fl ora in humans, the authors divided 50 
subjects into three groups: those averaging 77 years, those 
averaging 39 years, and 14 children averaging 8 years. They 
found that all of the metabolic functions were the same in all 
three groups, but there were signi fi cant variations within the 
elderly group. In the elderly, there were great variations, 
but, as a whole, they had a higher dextro to levo ratio and 
higher concentrations of metabolites resulting from protein 
fermentation such as ammonia, valerate, isobutyrate, and 
isovalerate. The mean enzymatic activities and the concen-
trations of the major short chain fatty acids did not differ 
signi fi cantly suggesting that the major metabolic character-
istics of the fecal micro fl ora were not greatly altered by the 
aging process, although there were signi fi cant differences in 
the elderly  [  26  ] .  
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   Immunity in the Elderly 

 There is concern that elderly humans have decreased immu-
nity and, hence, are susceptible to increased infections  [  27  ] . 
There is increasing evidence that probiotics and prebiotics 
can enhance immune function. In a study involving 25 
healthy elderly volunteers with a mean age of 69 years, 12 
controlled subjects consumed 180 mL of low-fat, low-lactose 
milk twice daily, while 13 test subjects consumed the same 
milk product but with  B. lactis  (HN019) added in signi fi cant 
amounts. Interferon production and polymorphonuclear cell 
phagocytic activities were measured and increased in those 
taking the probiotics supplemented milk  [  28  ] . In a study per-
formed in New Zealand, 30 healthy elderly volunteers with a 
mean age of 69 years participated in a three-stage dietary 
supplemented trial lasting 9 weeks. Milk supplemented with 
 B. lactis  HN019 clearly was able to increase levels of CD4 
helper cells and activate CD25 T lymphocytes. They con-
cluded that  B. lactis  HN019 is an effective probiotic to 
enhance some aspects of cellular immunity in the elderly 
 [  29  ] . Ouwehand et al. reported on a 6-month study of 55 
institutionalized elderly subjects. They performed a complex 
double blind, placebo-controlled study and concluded that 
modulation of the fecal  Bi fi dobacteria  may produce a means 
of in fl uencing in fl ammatory responses. They showed that 
 Bi fi dobacteria  (characterized by genus-and species-speci fi c 
PCR) negative correlations were observed between the levels 
of  Bi fi dobacteria  species and the proin fl ammatory cytokine 
TNF- a  and the regulatory cytokine IL-10. The presence of 
fecal  B. longum  and  Bi fi dobacterium animalis  correlated 
with reduced serum IL-10. The anti-in fl ammatory TGF- b 1 
levels were increased over time in all three groups, and the 
presence of  B. breve  correlated with higher serum TGF- b 1 
levels  [  30  ] . This points out the importance of strains having 
a speci fi c effect as the various strains of  Bi fi dobacteria  do 
have different effects on the immune response. 

 In two different vaccination studies, a fermented dairy 
drink proved to be effective. Two randomized multicenter, 
double-blind, controlled studies were conducted during two 
vaccinated seasons in 2005–2006 and again in 2006–2007. 
Eighty-six subjects were in the  fi rst pilot study, and 222 
elderly volunteers in the second study. The fermented dairy 
drink contained the probiotic strain  Lactobacillus casei  
DN-114001 and yogurt ferments (Actamel ® ). A nonfer-
mented controlled dairy product was used for the control 
group. In the pilot study, the in fl uenza speci fi c antibody titers 
increased after vaccination, being consistently higher in the 
probiotic group as compared to the control group. In the 
robust con fi rmatory study with a larger number of patients, 
there were signi fi cant differences in seroconversion between 
the groups, noticed 5 months after vaccination. These two 

studies indicated that the probiotic product increased relevant 
speci fi c antibody responses to in fl uenza vaccination in 
elderly subjects  [  31  ] . Using the same product, another group 
reported on a multicentric, double-blind, controlled study 
involving 1,072 volunteers with a median age of 76 years 
that were randomized for consumption of the product or a 
control product without the  L. casei  DN-11400, the same 
organism that was used by Boge et al.  [  31  ] . They adminis-
tered the probiotic drink for 3 months and followed the 
patients for an additional month, and found an increase in 
 L. casei  species in stools throughout the period of consump-
tion. Clinically they noted that considering all common 
infectious diseases of the airways and the gastrointestinal 
tract, those taking the fermented products had a signi fi cantly 
reduced average duration per episode of infection and the 
cumulative duration of infections. They concluded that the 
fermented product was safe, well tolerated and its consump-
tion was associated with decreased duration of infection in 
comparison with the control group, but the incidence of 
infection was the same  [  32  ] . 

 In a randomized controlled trial studying  Candida  oral 
infections using  Lactobacillus rhamnosus  GG,  L. rhamnosus  
LC705, and  Propionibacterium freudenreichii , the group that 
had the probiotic cheese had signi fi cantly lower counts of oral 
 Candida   [  33  ] . This is only one study, yet it involved 304 
patients and indicates that other studies are warranted. 
Although this is a limited literature with great variations, it 
does indicate that the immune response in the elderly is differ-
ent and is affected by the administration of probiotics. Much 
more research and larger studies are needed to indicate which 
speci fi c strains are most effective and for speci fi c diseases.  

   Diarrhea in the Elderly 

 The causes of diarrhea are clearly delineated for most adults 
and are the same for the elderly  [  34  ] . The Yale University 
Workshops on Recommendations for Probiotic Use were out-
lined in 2008  [  35  ] . Treatments of most diarrhea due to gastro-
enteritis are standard  [  34  ] , and the recommendations for the use 
of probiotics in selective incidences are outlined  [  35  ] . These 
studies have largely been successful in children but also have 
been done in adults. The literature is less robust for adults and 
does not exist for elderly. Nevertheless, since probiotics have 
relatively no risk, they may be used early and can be helpful in 
institutions where they may cut down the time of incapacitating 
diarrhea  [  35  ] . It also should be pointed out that studies employ-
ing a probiotic in nursing homes have resulted in normalizing 
bowel movements in the elderly. When  Bi fi dobacteria  are used 
according to one study, either the  longum  strain or BB12 strain 
has regulated bowel movements when they have been associ-
ated with either diarrhea or constipation  [  36  ] . 
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 In antibiotic-associated diarrhea (AAD) not due to 
 Clostridium dif fi cile , it is recommended that a probiotic may 
be started at the onset of the diarrhea. The literature reveals 
that  Lactobacillus  GG,  S. boulardii , or a combination as out-
lined in the references maybe helpful and shorten the period 
of infectious diarrhea  [  35  ] . 

 In elderly subjects in whom  C. dif fi cile  diarrhea is more 
common, the usual treatment is embarked upon. On average 
a third of these will relapse and may become resistant. In 
these cases, both  S. boulardii  and  Lactobacillus  GG have 
been helpful in the treatment as adjuvant therapy and in many 
reports also helpful in prevention. Since the risk of  C. dif fi cile  
is greatest in the elderly in the hospital or in an ICU, it 
behooves the clinician to consider using one of these probi-
otics to prevent the onset of life-threatening  C. dif fi cile  diar-
rhea  [  35  ] . 

 All of the recommendations for the use of probiotics in 
conditions causing diarrhea are the same for subjects that 
have either diarrhea or constipation. The study reported from 
a geriatric institution in Helsinki reveals either  B. longum  or 
 B. lactis  BB12 help regulate the bowel pattern. This was 
effective for both the nursing home residences that had diar-
rhea or constipation. It was a robust study and the statistics 
were meaningful. The fermented oat drink was fed daily and 
well tolerated by the home residents  [  36  ] .  

   Constipation and the Irritable Bowel 
Syndrome in Elderly Patients 

 Constipation is de fi ned in the literature as less than three 
bowel movements per weeks, but it is also usually associated 
with hard stools. According to the Rome II criteria, it is con-
sidered a functional disorder. When it is without associated 
abdominal pain, it is a functional disorder, but when it is 
characterized as associated with abdominal pain or bloating 
it then falls into the category of the Irritable Bowel Syndrome 
(IBS)  [  37  ] . The incidence of constipation or IBS in the 
elderly is dif fi cult to evaluate. Some studies have it as high as 
15%, others as high as 20%, and nursing home evaluations 
are as high as 25–30%  [  38,   39  ] . 

 The cause of constipation in the elderly is certainly multi-
factorial. Not only are they the group with dysmotility and an 
inertia of the bowel (see explanation under metabolic effects) 
 [  37,   40  ] , but there are also those that suffer from comorbidi-
ties requiring medications whose adverse effect is constipa-
tion  [  37  ] . Probiotics can be helpful in the treatment of 
constipation and IBS in the elderly. 

 Within the elderly nursing home patients it is important in 
constipation to  fi rst make the necessary dietary changes. This 
may be dif fi cult depending on the support services. However, 
it is clear that dietary changes do help regulate the bowel pat-
tern. Substances that are considered both prebiotics as well 

as dietary  fi ber should be included in these dietary changes. 
The elderly should be encouraged to have a normal intake of 
fruits, vegetables, and grains as tolerated. This is often 
dif fi cult but can be accomplished in nursing home settings or 
where food is purchased for the old or where the elderly can 
purchase their own food. However, when there is dif fi culty, 
supplements can be helpful. Guar, which can be obtained in 
drinks or powder (Bene fi ber ® ), or inulin, which can be pre-
scribed and obtained as a medication, will help increase the 
number of bowel movements and help regulate bowel pattern 
 [  3  ] . When the dietary approach is not successful and consti-
pation persists, probiotics have been shown to be helpful as 
reported in the study using  Bi fi dobacteria  supplements  [  36  ] . 

 When abdominal pain occurs with constipation, consider-
ation should be given to treat the patient as an individual with 
IBS. In a robust study  Bi fi dobacteria infantis  was helpful 
when administered in a dose of at least 10 8 . Although the 
study was not speci fi c for older adults, probiotics may be 
used in this age group  [  41  ] . Although the industry may report 
bene fi ts in this regard from probiotics, there is inadequate 
data to support the claims. The literature does exist on the 
use of food supplements such as yogurts and drinks to regu-
late the bowel pattern. One study has shown that  B. animalis  
may be helpful  [  42  ] , and another suggests that  Lactobacillus 
plantarum  holds promise  [  43,   44  ] . Nevertheless, these prod-
ucts hold promise and may be tried following the same treat-
ment as used in the referenced articles. Furthermore, there 
has been some work done with VSL#3 in adults and in chil-
dren that hold promise but there is no selective work in the 
elderly. Probiotics may hold promise since it is employed in 
many clinical situations  [  45,   46  ] . 

 Although the data is limited on the use of probiotics in the 
elderly, there is enough to indicate there is a dysbiosis in 
some elderly and that probiotics may be helpful in selective 
clinical situations (see Table  11.1 ). It must be stressed that 
these recommendations include using the strain used in the 
quoted references in Table  11.1 .  

  Key Points 

    There is a change in the micro fl ora in the elderly, with • 
signi fi cant alterations found in centenarians.  
  The immune process is supported by the addition of • 
probiotics.  
  Probiotic therapy promotes nonimmunologic gut defense • 
barrier by normalization of increased intestinal permea-
bility and alerted gut microbiology.  
  Probiotics can help alleviate intestinal in fl ammation, nor-• 
malize gut mucosal dysfunction and downregulate hyper-
sensitivity reactions.  
  Regulation of bowel movements may be helped by probi-• 
otics in the older adult.          
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 The historical focus of geriatric nutrition has been on identifying 
and treating undernutrition, a common and highly morbid con-
dition in older populations. Almost 20% of older adults in the 
US consume less than 1,000 kcal/day and 50% do not meet 
requirements for vitamin and mineral intake  [  1,   2  ] . These indi-
viduals are more likely to experience functional decline, mor-
bidity, and mortality  [  3–  6  ] . Reassuringly, both prevention and 
treatment of undernutrition in older persons are possible  [  7–  9  ] . 

 This chapter begins by highlighting the epidemiology and 
consequences of undernutrition among elders in diverse set-
tings including the community, hospital, and skilled nursing 
facilities (SNFs). They are followed by a description of the 
unique causes of undernutrition in older adults and validated 
strategies for the ascertainment of nutritional status. Speci fi c 
attention is paid to the topic of decision-making in the elderly. 
The  fi nal section discusses an issue of increasing importance 
in the Western world, that of overnutrition and obesity in older 
adults. Nutrition related to the intake of water, electrolytes, 
 fi ber, and speci fi c vitamins, minerals, and trace elements are 
discussed in subsequent chapters. 

   Epidemiology of Undernutrition 
in Older Persons 

 Among community dwelling elderly, 10% of men and 20% of 
women have intakes of protein below the US Recommended 
Daily Allowance (RDA) of 0.8 g/kg, and one-third consume 
fewer calories than the RDA  [  2  ] . Vitamin de fi ciency is also 
common, especially for water-soluble vitamins that lack large 
body stores  [  10,   11  ] . These de fi ciencies increase with age, 
especially in populations at higher risk, such as those who are 
institutionalized  [  12  ] . Undernutrition also becomes increas-
ingly prevalent in the months prior to hospitalization  [  13  ] . 

 Inadequate nutritional intake often continues throughout 
the hospital admission and subsequent postacute care  [  14  ] . 
In a study of general medicine patients, almost one-third 
became malnourished when hospitalized. These patients 
were more likely to have baseline cognitive and functional 
impairments  [  15  ] . Hypothesized reasons for iatrogenic mal-
nutrition within the hospital include poor recognition and 
monitoring of nutritional status as well as forced periods of 
inadequate nutritional intake  [  16–  18  ] . Triceps skinfold thick-
ness and mid-arm circumference often decrease even in those 
not predicted to be at high nutritional risk on hospital admis-
sion  [  19  ] . Nutritional parameters are often suboptimal in the 
over one million elderly residing in skilled nursing facilities. 
Up to 90% of older persons newly admitted to a SNF follow-
ing hospitalization are undernourished or at high risk of 
developing nutritional de fi ciencies  [  20  ] . Similarly, undernu-
trition is prevalent in over 50% of older persons newly admit-
ted for long-term care  [  21  ] . Indices of protein-energy 
nutrition including body weight, mid-arm muscle circumfer-
ence, and visceral protein levels have been found to be low in 
the majority of nursing home patients  [  22,   23  ] .  

   Adverse Effects of Undernutrition 
in Older Persons 

 Undernutrition has been convincingly shown to be associated 
with adverse health outcomes in diverse populations of older 
persons. In community dwelling elderly, a body mass index 
(BMI) less than 22 has been associated with excess risk of 
1-year mortality as well as impaired functional status; mortality 
increases linearly with reductions in BMI  [  6,   24  ] . Additional 
hazard has also been found in older persons who lose weight 
 [  25  ] . For example, community dwelling women with some 
baseline disability are prone to a twofold increase in adjusted 
lower extremity disability with weight loss in excess of 5% of 
body weight  [  5  ] . This relationship between weight loss and 
both disability and death is especially pronounced among frail 
older patients who are already homebound  [  26  ] . 
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 Similarly, older patients who are undernourished experi-
ence both in-hospital and posthospital complications at a 
higher rate. Older patients with a BMI less than 20 are more 
likely to die while in the hospital; those who survive to dis-
charge are more likely to die in the following year  [  27  ] . 
These relationships hold true despite adjustment for illness 
severity and functional status and are also seen in seriously 
ill patients admitted to the intensive care unit  [  28,   29  ] . 
Undernourished older adults are also more likely to experi-
ence serious in-hospital complications  [  30  ] . Studies of albu-
min and other biomarkers also demonstrate clear links with 
both in-hospital and postdischarge mortality  [  31,   32  ] . 

 Data from older persons in SNFs are consistent with those 
from both community dwelling and hospitalized elderly. 
Patients in SNFs for short-term rehabilitation are more likely 
to have serious complications if they have a low BMI or have 
experienced signi fi cant weight loss in the preceding year 
 [  33  ] . Those of very low weight in this short stay group are 
more likely to die at 5 years  [  34  ] . In residents of long-term 
care, including those with advanced dementia, a 5% loss of 
body weight in 1 month or 10% loss in 6 months are both 
associated with increased short-term mortality  [  35,   36  ] . 

 A particular concern pertinent to frail elderly in both hospi-
tals and SNFs is that of skin breakdown. Undernutrition has 
been associated with this complication in both settings. Among 
elderly inpatients, those with undernutrition de fi ned using an 
index of biochemical and anthropometric variables were twice 
as likely to develop a pressure ulcer  [  37  ] . Similarly, those newly 
admitted to long-term care who were most severely undernour-
ished were much more likely to develop skin breakdown  [  38  ] . 
Given that most trials of nutritional intervention to treat pres-
sure ulcers have been disappointing, successful strategies 
regarding skin breakdown must emphasize prevention  [  39  ] .  

   Etiologic Factors of Undernutrition 
in Older Adults 

 Older persons are predisposed to undernutrition, as there is 
an almost universal decrease in caloric intake with aging 
without a concomitant decrease in nutritional requirements 
 [  40  ] . A number of physiologic changes may contribute to 
this state including reduction in taste, salivation, and smell 
with aging, as well as earlier satiety from a combination of 
factors including hormonal changes, reductions in gastric 
emptying times, and possible increased sensitivity to gastric 
distention  [  41–  44  ] . However, the key change may be that of 
dysregulation; older persons are less capable of reducing 
food intake after a period of overfeeding and are less able to 
increase intake after a period of underfeeding  [  45  ] . This pre-
disposition to undernutrition may also be a response to the 
reduction in total energy expenditure that occurs with aging 
due to reductions in both resting metabolic rate and physical 
energy expenditure  [  46,   47  ] . 

 In addition to these physiologic changes that accompany 
aging, older persons experience a number of pathologic con-
ditions that place them at further risk of undernutrition. 
These conditions are often present simultaneously and can 
be summarized using the mnemonic, “Malnourished” 
(Table  12.1 )  [  48  ] . Several of these etiologic factors are of 
importance in older persons because of their high prevalence; 
they include polypharmacy, dementia and cognitive impair-
ment, depression, oral health problems, and social factors.  

 Polypharmacy is frequent in older persons and places 
them at increased risk of adverse drug events not only due to 
cumulative drug exposure, but also due to aging changes that 
impact both pharmacokinetics and pharmacodynamics. 
Within this context, certain drugs are well known to impact 
nutritional intake and absorption. For example, acetylcholin-
esterase inhibitors, digoxin, angiotensin-converting enzyme 
inhibitors, anti-depressants, neuroleptics, and metformin can 
cause nausea, anorexia, or dysguesia, as can calcium channel 
blockers, opioids, anti-cholinergics, diuretics, certain antac-
ids, and calcium itself by inducing constipation. Proton pump 
inhibitors, histamine receptor antagonists, bile acid seques-
trants, and laxatives can impair nutrient absorption through 
effects on gastric pH, direct binding of micronutrients, and 
promotion of rapid intestinal transit  [  49  ] . 

 Dementia is a common geriatric syndrome that often 
results in nutritional impairment regardless of underlying 
cause. Those with mild-to-moderate dementia may become 
undernourished as they withdraw from friends and family 
who provide assistance with meal planning and grocery 
shopping. As memory further declines, cooking and feeding 
become impaired and disorganized, leading to nutritionally 
inadequate meals  [  49  ] . In contrast with SNFs that are subject 
to numerous federal regulations designed to improve feeding 
and nutrition among the cognitively impaired, assisted living 
facilities may not adequately address these needs. This concern 
will become more important, as assisted living is becoming 
an increasingly popular residential environment, even among 
those with signi fi cant functional and cognitive impairments 
 [  50,   51  ] . With advanced dementia, loss of weight is one of 

   Table 12.1    “Malnourished,” a mnemonic for causes of weight loss in 
older persons   

  M edications, malignancy, malabsorption 
  A lcohol (substance) abuse, appetite changes 
  L ack of resources 
  N eglect, normal aging (physiologic changes) 
  O ral health and dysphagia 
  U remia (metabolic abnormalities) 
  R estricted diets 
  I nfection, in fl ammation, immobility 
  S ocial factors, sarcopenia 
  H yperthyroidism, HIV/AIDS 
  E lder abuse 
  D ementia, depression, drug effects 
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the features used to consider hospice referral. Patients at end-
of-life may have little or no desire to eat. Neuromuscular 
impairments in the swallowing mechanism commonly lead 
to dysphagia, recurrent aspiration, and pneumonia. 
Unfortunately, despite the natural instinct to feed these indi-
viduals via arti fi cial enteral methods, mortality, morbidity, 
and functional status fail to improve with tube feeding  [  52  ] . 

 As with the young, depression is common in the elderly, 
but may present atypically as multiple somatic complaints, 
cognitive impairment, or weight loss  [  53  ] . It is perhaps the 
most common cause of reversible weight loss in older per-
sons  [  54  ] . Depression increases the release of hypothalamic 
corticotrophin-releasing factor, a potent anorectic agent. In 
addition, depression often impairs the motivation to obtain, 
prepare, and consume nutritionally adequate food  [  49  ] . 
Therefore, every older adult with weight loss should be 
screened for depression. Ideally, a validated screening tool 
for depression in older patients such as the Geriatric 
Depression Scale (GDS short form) should be used  [  55  ] . 

 Oral health is an important but often neglected area by 
physicians; poor oral health can limit food intake by older 
persons  [  56  ] . Pain and burning from dental caries, oral can-
didiasis, and denture stomatitis can cause discomfort with 
eating. Edentulous states and weakness of the masticatory 
muscles are common with aging and impair the ability to 
chew nutrient dense foods including meat and vegetables 
 [  57  ] . Nearly 25% of individuals over 65 are completely 
edentulous  [  58  ] . Even mild reductions in salivary  fl ow due to 
medication use or disease can impair taste or alter the oral 
antimicrobial environment with resultant increases in dental 
caries and oral candidiasis  [  59  ] . 

 Ultimately, social support plays a critical role in the pre-
vention of malnutrition among those who are most frail and 
functionally impaired, who often rely heavily, if not exclu-
sively, on others for nutritional support  [  60  ] . Help may be 
needed with transportation to and from the grocery store, 
meal preparation, feeding, and cleaning up afterwards. 
Financial support may be needed to purchase food in the  fi rst 
place. Social factors and caregiving resources should always 
be explored while determining the etiologies of undernutri-
tion and opportunities for remediation.  

   Assessment of Nutritional Status in Older Persons 

 A careful history of body weight should be obtained from all 
older patients. As described earlier, weight loss in excess of 
5% in 1 month or 10% in the previous 6 months should be 
considered an indicator of a serious nutritional problem 
unless weight  fl uctuations are intentional or ascribed to 
changes in  fl uid balance  [  61  ] . In contrast to simple history 
and weight measurement, alternative screening approaches 
tend to be more cumbersome or nonspeci fi c. For example, 

anthropomorphic testing including skinfold and arm circum-
ference measurements require specialized equipment and 
training to be performed in a reliable manner. Similarly, bio-
chemical markers such as serum albumin, prealbumin, trans-
ferrin, and lipids are more dif fi cult to interpret with advancing 
age, as the effects of natural aging, chronic disease, and acute 
illness become harder to disentangle. While albumin, preal-
bumin, and transferrin do not change with healthy aging, all 
are negative acute phase reactants that decline after just 8 h 
of bed rest  [  62,   63  ] . 

 A separate but important task is the identi fi cation of those 
at risk for nutritional impairment. A number of validated 
screening tools have been created for community, inpatient, 
and nursing facility settings. For the outpatient setting, one 
can use the Simpli fi ed Nutritional Appetite Questionnaire 
(SNAQ), a short four-item scale that can be administered by 
nonmedical personnel (Table  12.2 )  [  64  ] .  

   Table 12.2    Simpli fi ed Nutritional Appetite Questionnaire (SNAQ)      

 Name: ________________________________________ 
Sex (circle): Male Female 
 Age: _________________ Weight: ____________________ 
Height: __________________ 
 Date: ___________________________ 
 Administration Instructions: Ask the subject to complete the 
questionnaire by circling the correct answers and then tally the 
results based upon the following numerical scale: a = 1, b = 2, c = 3, 
d = 4, e = 5. The sum of the scores for the individual items constitutes 
the SNAQ score. SNAQ score  £ 14 indicates signi fi cant risk of at 
least 5% weight loss within six months 
 1. My appetite is 

 a. very poor 
 b. poor 
 c. average 
 d. good 
 e. very good 

 2. When I eat 
 a. I feel full after eating only a few mouthfuls 
 b. I feel full after eating about a third of a meal 
 c. I feel full after eating over half a meal 
 d. I feel full after eating most of the meal 
 e. I hardly ever feel full 

 3. Food tastes 
 a. very bad 
 b. bad 
 c. average 
 d. good 
 e. very good 

 4. Normally, I eat 
 a. less than one meal a day 
 b. one meal a day 
 c. two meals a day 
 d. three meals a day 
 e. more than three meals a day 

  Reproduced with permission from  [  64  ]   
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 The SNAQ recognizes that impaired appetite often pre-
cedes and is a key component of weight loss. It identi fi es 
older persons with reduced appetite and prospectively pre-
dicts those who will have greater than 5 or 10% weight loss 
in the next 6 months. This tool has also been validated in 
nursing home residents. 

 For both inpatient and long-term care settings, one can 
use the Mini Nutritional Assessment (MNA), a screening 
tool with dietary questions, global assessment questions for 
domains including functional and cognitive status, and 
anthropomorphic measures (Fig.  12.1 )  [  65–  67  ] . The tool was 
initially tested and validated in long-term care populations 
where it was compared to a battery of anthropomorphical 
and biochemical indices including calf and mid-arm circum-
ferences, triceps and scapular skinfolds, total energy intake, 
acute phase reactants including albumin, prealbumin, and 
transferrin, and serum levels of multiple vitamins, minerals, 
and trace elements. Correlations were favorable. Additional 
cross-validation studies of hospitalized patients have shown 
that approximately 75% of older adults are correctly classi fi ed 
as either adequately nourished (MNA score  ³  24) or under-
nourished (MNA score < 17) without use of additional bio-
chemical data. Those in the intermediate zone (MNA score 
of 17–23.5) are considered at risk for malnutrition and may 
bene fi t from further case by case analysis  [  4,   68  ] . The main 
drawback to the MNA is that it is fairly time-consuming to 
administer and requires some anthropomorphic testing.  

 The long-term care setting also uses a number of “auto-
matic” triggers for in-depth nutritional assessment and inter-
vention. These include familiar items such as involuntary 
weight loss of greater than 5% in 30 days or 10% in 180 
days, as well as others including leaving behind more than 
25% of food in the past 7 days or a BMI less than or equal to 
19. These parameters were included in the 1987 Omnibus 
Budget Reconciliation Act (OBRA) that provided markedly 
increased regulation and oversight of SNFs  [  69  ] .  

   Management of Undernutrition in Older Adults 

 Once the diagnosis of undernutrition has been made, the 
critical issue becomes its management. Importantly, none of 
the screening tools above provide clear guidance as to who 
will and will not respond to nutritional intervention. 
Treatment outcomes can be predicted with greater accuracy 
by grouping causes of undernutrition and weight loss into 
three categories: starvation, sarcopenia, and cachexia. The 
starvation phenotype occurs when an older person takes in 
insuf fi cient nutrition and calories to maintain weight due to 
lack of access to food, inability to consume adequate calories 
because of mechanical limitations, or inability to absorb 
ingested nutrients. These include many etiologies including 
polypharmacy, oral disease, and lack of social support to 

overcome functional, cognitive, and psychiatric impairments. 
Treatment addresses recti fi cation of the underlying cause 
and nutritional supplementation. 

 In contrast, both sarcopenia and cachexia are signi fi cantly 
more resistant to nutritional intervention. Sarcopenia is de fi ned 
as the loss of muscle mass, quality, and function that accompa-
nies advancing age. It is technically de fi ned as a lean body 
mass more than two standard deviations below the young nor-
mal mean. Overall, approximately 13% of 60-year-olds and 
50% of 80-year-olds have this condition  [  70  ] . Both resistance 
exercise and spontaneous physical activity are the critical 
components of management, not nutritional intervention  [  71  ] . 

 Cachexia involves signi fi cant loss of both muscle and adipose 
tissue. It is usually associated with anorexia and a number of 
chronic illnesses including cancer, AIDS, tuberculosis, chronic 
kidney disease, advanced heart failure, severe obstructive pulmo-
nary disease, and rheumatologic conditions. Almost universal is 
the presence of proin fl ammatory cytokines, increased metabolic 
rate, and up-regulation of the ubiquitin-proteasome system 
leading to muscle atrophy  [  72,   73  ] . Unfortunately, without ame-
lioration of the underlying cause, supplemental nutritional 
intervention rarely, if ever, yields signi fi cant bene fi ts. 

 Therefore, the most fruitful interventions will be those 
that increase food intake in persons with a starvation pheno-
type. In addition to addressing the underlying cause of the 
nutritional de fi cit, the practitioner should always encourage 
common-sense nonpharmacologic methods to increase eat-
ing. These include meeting food preferences, avoiding diets 
that are overly restricted for salt, cholesterol, saturated fat, or 
glucose, ensuring proper serving temperature, providing 
favorite high-calorie foods, altering food consistency if 
needed, and providing intermeal snacks  [  74–  76  ] . Dieticians 
may aid greatly in these efforts  [  77  ] . In addition, residents 
with dementia in SNFs may bene fi t from having their family 
members help with mealtime assistance and feeding  [  78  ] . 
Facilities should provide food in well-lit, well-decorated, 
unhurried, and “appetizing” environments  [  79  ] . Food intake 
has been shown to increase in the presence of company, 
emphasizing the importance of social factors. Ambient music 
may be helpful in this setting  [  80  ] . 

 There may be a role for oral nutritional supplements. 
A recent meta-analysis showed that these supplements can 
cause a small but signi fi cant gain in weight across all care 
settings including the home, hospital, and SNF. Unfortunately, 
mortality reductions were only demonstrated in the most 
undernourished inpatients, not in those residing in the com-
munity or nursing home  [  8  ] . Similarly, there have been no 
consistently demonstrated improvements in either functional 
status or cognition with supplementation  [  81  ] . However, 
given its impacts on weight gain, oral nutritional supplemen-
tation including use of a therapeutic multivitamin is a rea-
sonable measure. The following table describes commonly 
used oral preparations. All are lactose-free (Table  12.3 ). 
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  Fig. 12.1    Mini Nutritional Assessment (MNA) (reprinted with permission from Nestle Nutrition Institute)       
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Whenever possible, supplements should be provided between 
meals, rather than with them, in order to prevent compensa-
tory reductions in mealtime food intake.  

 In contrast, orexigenic drugs have not been consistently 
shown to have signi fi cant bene fi ts in older persons, in whom 
they have been relatively poorly studied. The best data show-
ing drug bene fi t come from trials of younger persons with 
cachexia due to the acquired immunode fi ciency syndrome or 
cancer  [  82,   83  ] . Even here, weight gain was not universally 
associated with improved quality of life, functional status, 
or mortality. Fat mass was gained preferentially to muscle. 
If use of an orexigenic agent is planned, megestrol acetate is 
the most common agent of choice. Megestrol acetate has 
been trialed in long-term care settings and is more effective 
than another commonly used orexigenic agent, dronabinol, 
when used in cancer cachexia  [  9  ] . Combination therapy was 
no better than megestrol acetate alone  [  84  ] . Potential side 
effects of megestrol use include  fl uid retention, glucose intol-
erance, and venous thromboembolism. 

 Whenever nutritional intervention is considered for older 
patients, it is important to consider the degree of malnutrition 
and its potential reversibility before suggesting aggressive 
measures. One should realize that the starvation phenotype is 
more amenable to nutritional treatment than are sarcopenia 
and causes of cachexia like chronic cardiopulmonary disease, 
infection, and cancer. Whenever possible, projected illness 
course should be discussed with patients and caretakers, and 
advance directives should be in place to guide treatment 
decisions. Patient preferences regarding long-term enteral 
and parenteral feeding are particularly important, as these 
have not been validated to prolong life, improve functional 
status, decrease pressure ulcers, or increase quality of life. In 
contrast, careful mouth feeding for comfort can be a reason-
able and bene fi cial strategy even in the context of known 
aspiration and end-stage dementia. Ultimately, whatever 
approach is chosen, it is imperative that physicians enlarge the 
circle of support by involving caregivers in both monitoring 
and treatment plans.  

   Overnutrition Among Older Persons 

 Increasingly, older persons are becoming overweight and 
obese, the consequences of which include worsening mobil-
ity-related disability and loss of independence, reduced qual-
ity of life, metabolic disease including glucose intolerance 
and hyperlipidemia, hypertension, and common geriatric 
conditions such as urinary incontinence, osteoarthritis, and 
lower extremity pain  [  85–  91  ] . These outcomes often corre-
late better with markers of visceral fat mass such as waist 
circumference and waist-to-hip ratio than they do with sim-
ple BMI  [  92,   93  ] . For example, a waist-to-hip ratio greater 
than 0.83 in women and 0.9 in men has been associated with 
a threefold increased risk of myocardial infarction  [  94  ] . 

 However, the impact of overweight and obesity on 
mortality among older persons is less pronounced than in 
younger populations. A meta-analysis found that a BMI of 
25–27 is not associated with increased cardiovascular or 
all-cause mortality in the elderly. Although the higher relative 
risk for all-cause mortality of a BMI > 28 was noted in this 
older age group, the additional relative harm was signi fi cantly 
less than in overweight young and middle-aged people 
 [  95  ] . A similar analysis of overweight and obese patients in 
Germany (age 18–74 years) showed that the excess mortality 
associated with obesity declined with age and that the lowest 
mortality risk was observed in patients aged 50–74 years 
with BMIs of 25–32  [  96  ] . Thus, although standardized mor-
tality rates may increase with increasing BMI, the additional 
harm decreases with age. This may be because those with 
higher weight tend to have increased bone mineral density 
and lean mass, both of which may be protective during peri-
ods of acute illness and increased catabolic stress  [  97  ] . 

 Given these  fi ndings, it is reasonable to recommend weight 
loss in older persons with metabolic or musculoskeletal mor-
bidities caused or worsened by obesity. Epidemiologic studies 
suggest that those most likely to bene fi t from weight loss are 
those who have gained signi fi cant weight from early adulthood 
or mid life  [  98  ] . Ascertainment of prior weights can therefore 
be of great help in predicting the bene fi ts of weight reduction. 

 In the majority of cases, the approach to weight loss 
should rely primarily on increased endurance and resistive 
training. Endurance training can increase fatty acid oxida-
tion, improve insulin sensitivity, and attenuate the age-
related decline in total energy expenditure  [  99  ] . Resistance 
training can improve skeletal muscle function and lower 
visceral fat  [  100,   101  ] . Studies have demonstrated that in 
self-selected older adults, these physical activities can 
improve physical performance, functional status, and self-
reported quality of life  [  102  ] . In contrast, extreme diets such 
as marked caloric restriction have not been well studied in 
older adults and should not be routinely recommended as they 
can worsen sarcopenia and both micro and macronutrient 
de fi ciencies. However, recommendation that older persons 
consume diets low in saturated fat and cholesterol, high in 
 fi ber including fresh fruits and vegetables, high in plant pro-
teins, and plentiful in vitamins, minerals, and trace elements 
is almost always prudent. 

 Both DASH (Dietary Approaches to Stop Hypertension) 
and Mediterranean diets are nutritionally rich and calorically 
ef fi cient options that incorporate these elements and have 
strong evidence in their favor. The DASH diet was initially 
studied in the DASH trial. The research demonstrated that a 
daily diet comprised of four to  fi ve servings of fruit, four to 
 fi ve servings of vegetables, two to three servings of low-fat 
dairy products, mostly plant-based protein including legumes 
and nuts, and less than 25% of total calories from fat, resulted 
in a signi fi cant decline in blood pressure within 2 weeks  [  7  ] . 
Follow-up studies have shown that a similar diet also reduced 
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low-density lipoprotein levels and deleterious cardiovascular 
endpoints  [  103,   104  ] . Additional salt restriction to 1.2 g/day 
provided further bene fi t in blood pressure reduction  [  105  ] . 

 A “Mediterranean diet” has signi fi cant overlap with the 
DASH diet and is also a reasonable starting point. Although 
there is no single Mediterranean diet, these diets are typically 
high in fruits, vegetables, whole grains, legumes, and nuts, and 
predominantly use a monounsaturated oil like olive oil as a 
source of fat. Fish, poultry, and dairy products are eaten in 
preference to red meats. As in studies of the DASH diet, trials 
of Mediterranean diets have typically found improved cardio-
vascular health in diet adherents  [  106,   107  ] . In addition to pro-
moting a balanced diet rich in micro and macronutrients, both 
Mediterranean and DASH diets typically entail less calorie and 
saturated fat intake than in the typical Western diet. As a result, 
these diets can be the cornerstone of healthy eating practices to 
both prevent incident undernutrition and the development of 
obesity  [  108  ] . Recent dietary recommendations from the 
United States Department of Agriculture (USDA) similarly 
endorse the value of substantial fruit and vegetable intake in 
conjunction with whole grains and lean sources of protein 
including legumes, seafood high in omega-3 fatty acids, and 
low-fat dairy products. These guidelines can be found on the 
USDA website at   http://www.choosemyplate.gov     and are 
meant to replace those found in the USDA Food Pyramid. 

  Key Points 

    Undernutrition is common in older persons and is a con-• 
tributor to signi fi cant harm including functional decline 
and death.  
  It is critical that height and weight be measured at every • 
outpatient visit; any unintentional weight loss should prompt 
evaluation for conditions such as polypharmacy, dementia, 
depression, oral disease, and poor social support. A sug-
gested diagnostic pathway is described in Table  12.4 .   
  Treatment recommendations should consider the degree of • 
malnutrition and its potential reversibility. Sarcopenia and 
cachexia are much less responsive to nutritional supplemen-
tation than are situations of impaired food bioavailability 
due to problems acquiring, preparing, or ingesting food.  
  Whenever possible, projected illness course should be dis-• 
cussed with patients and their caregivers, and advanced direc-
tives should be implemented to guide treatment decisions.  
  Both enteral and parenteral feedings should be generally • 
discouraged as patients approach the end of life; neither 
has been validated to improve functional status or longev-
ity. In contrast, compassionate oral feedings by family 
members and unrestricted diets can improve caregiver 
satisfaction and patient quality of life.  
  The combination of endurance/resistive exercises and pru-• 
dent eating can safely combat obesity in older persons  [  109  ] .          
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         Introduction    

 Enteral feeding is preferred to parenteral nutrition (total or 
peripheral) in patients unable to maintain adequate oral 
intake in spite of having a functional gastrointestinal tract. 
Enteral nutrition is physiological and prevents mucosal atro-
phy and gut bacterial translocation, while maintaining intes-
tinal epithelial cell integrity. Besides enteral nutrition, also 
relevant is gut-associated lymphoid tissue (GALT), refer-
ring to immune cells disseminated in intestinal Peyer’s 
patches, mucosa, and lamina propria; GALT supports gas-
trointestinal functions in a dynamic manner by controlling 
intestinal permeability, orienting immune response, prevent-
ing bacterial translocation, and minimizing nosocomial 
infection. The enteral approach to nutrition is always less 
expensive. Malnutrition and dehydration are common in the 
frail elderly, particularly during hospitalization. Inadequate 
dietary counseling including the consumption of enteral 
supplements and appetite stimulants may lead to premature 
consideration for tube feeding  [  1,   2  ] .  

   Nasogastric Tube Feeding 

  Temporary access  is achieved via a nasogastric or nasoen-
teral feeding tube. Nasogastric tubes are used for 30 days or 
less; they are easily placed and removed at the bedside. The 
patient is positioned sitting upright with the neck partially 
 fl exed. The nasogastric tube tip is lubricated and gently 

inserted along the  fl oor of the nose and advanced parallel to 
the nasal  fl oor until it reaches the back of the nasopharynx. 
The patient sips water through a straw and begins a swallow. 
The tube is advanced to 50 cm. Tube placement is veri fi ed by 
auscultating the abdomen for a rush of air into the stomach 
or by aspirating gastric content. It is best to obtain a chest 
radiograph to verify correct placement. Nasogastric tubes 
often fail due to clogging or inadvertent dislodgement and do 
not provide a secure access route to provide calories, medi-
cations, or  fl uids. Potential nasoenteric tube complications 
are mentioned in    Table  13.1   [  3–  5  ] .   

   Percutaneous Endoscopic Gastrostomy 

  Long-term permanent enteral access  is obtained either endo-
scopically, surgically, or via interventional radiology. 

 The most common approach utilized to gain gastric access 
is the percutaneous endoscopic gastrostomy (PEG), account-
ing for approximately 200,000 procedures annually in the 
U.S. The technique was  fi rst described by Gauderer in 1980. 
Variations of the technique include the pull (Ponsky), push 
(Sachs-Vine), introducer (Russell), and Versa (T-fastener) 
methods. The advent of PEG in 1980 altered the approach to 
gastric access, largely replacing surgical gastrostomy. 
Endoscopic gastrostomy is an easy, safe technique compared 
to open gastrostomy. The size of gastrostomy tubes for adults 
ranges from 16 to 24 French. Most tubes are constructed of 
silicone, and some of polyurethane. Newer    PEGJ (percutane-
ous endoscopic gastrojejunostomy) tubes combine gastric 
and jejunal ports to allow distal feeding and proximal decom-
pression  [  6–  9  ]  (Figs.  13.1  and  13.2 ).   

   The Technique of Percutaneous Endoscopic 
Gastrostomy 

 PEGs can be placed in several ways. Indications and con-
traindications for PEG are listed in Table  13.2 .  
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   Table 13.1    Common complications of enteral tube feeding  [  3–  5,   20  ]       

 Nasogastric tube  Gastrostomy tube  Jejunostomy tube 

 Tube dislodgment  Peristomal leakage  Dif fi cult placement 
 Clogging  Wound infection  Tube clogging 
 Nasal mucosal ulceration  Tube deterioration  Wound infection 
 Pulmonary intubation  Bleeding/clogging  Dumping syndrome 
 Sinusitis  Tube dislodgement  Tube dislodgement 
 Bleeding  Gastric ulceration  Bleeding 
 Epistaxsis  Gastric outlet obstruction  Peristomal leakage 
 Otitis media  Pneumoperitoneum  Intestinal obstruction 
 Esophagitis  Buried bumper syndrome  Tube migration 
 Esophageal perforation  Necrotizing fascitis 

 Gastrocolocutaneous  fi stula 
 PEG-induced pancreatitis 

 Diarrhea 

  Fig. 13.1    Schematic diagram 
of a gastrostomy tube       

  Fig. 13.2    The gastrostomy tube       

   Table 13.2    Indications and contraindications for percutaneous 
endoscopic gastrostomy (PEG)  [  3–  5  ]    

 Indications 
  Head and neck cancer 
  Esophageal cancer 
   Neurological conditions (most common indication): stroke, multiple 

sclerosis, brain tumors, amyotrophic lateral sclerosis, advanced 
dementia (use is common but controversial), and head injury 

  AIDS enteropathy 
 Absolute contraindications 
  Inability to perform an esophagogastroduodenoscopy (EGD) 
  Uncorrected coagulopathy 
  Peritonitis 
  Bowel obstruction (unless PEG is used to provide drainage) 
 Relative contraindications 
  Massive ascites 
  Gastric mucosal abnormalities including large gastric varices 
   Prior abdominal surgery, including partial gastrectomy, which 

increases risk of organ interposition between gastric wall and 
abdominal wall 

   Morbid obesity, which poses dif fi culties in locating stomach 
position by digital indentation of stomach, transillumination, and 
needle insertion 

  Gastric wall neoplasm 
   Abdominal wall infection, which increases risk of infection at PEG 

site 
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   Push Technique 
 The patient should be supine, with the head of the bed ele-
vated to a 30° angle to reduce risk of aspiration. The patient 
is kept NPO for 4 h, preferably longer. A  fi rst-generation 
cephalosporin (e.g., cefazolin 1 g) is administered intrave-
nously to reduce the risk of insertion site infection  [  10  ] . 

 Esophagogastroduodenoscopy (EGD) is performed to 
rule out gastric outlet or duodenual obstruction. The stomach 
is insuf fl ated and the abdominal wall is transilluminated, 
visible externally on the abdominal wall. Finger pressure is 
applied at the point of maximal transillumination, and a focal 
indentation of the anterior gastric wall is visible endoscopi-
cally (Fig.  13.3 ) and the site marked. The skin is cleansed 

with povidone-iodine or chlorhexidine, in concentric cen-
trifugal fashion. The site is anesthetized followed by a small 
horizontal incision (Fig.  13.4 ). The needle with inner stylet 
is passed through this incision into the stomach. This maneu-
ver is a rapid poke. The needle is visible inside the stomach 
cavity at this time. A snare which is passed through the endo-
scope into the stomach catches the needle (Fig.  13.5 ). The 
stylet is removed, leaving the needle in place. A guidewire 
passed through the needle into the stomach is caught by the 
snare; the guidewire is pulled out of the mouth along with the 
endoscope. The tapered end of the PEG tube is passed over 
the guide wire through the mouth until it comes out at the site 
of the abdominal wall incision (Fig.  13.6 ). The internal bum-
per sits snugly against the gastric mucosa; excessive tension 
on the tube should be avoided (Fig.  13.7 ). An external bum-
per is then passed over the PEG tube and placed 1–2 cm 
away from the abdominal wall. The excess tube is cut, leav-
ing 6–12 in. of tube behind. A dressing is applied over the 
external bumper and the tube is looped and taped to the 
abdominal wall (Fig.  13.8 ). The PEG can be safely used for 
feeding 4 h after the procedure  [  5,   11–  13  ] . An abdominal 
binder may help inadvertent removal of the tube by demented 
or agitated patients.        

   Pull Technique 
 The Pull technique is similar to the Push method, but instead 
of a guidewire, a wire loop is placed from outside through 
the trocar into the stomach; this wire loop is snared through 
the endoscope and brought out of the mouth along with 
endoscope. The PEG tube with wire loop at its tapered end   Fig. 13.3    Endoscopic  fi nger impression on the stomach wall       

  Fig. 13.4    Under sterile 
conditions after injecting 
lidocaine, a small horizontal 
incision is made over the anterior 
abdominal wall at the site of 
transillumination       
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knots with the other wire to permit the tube to be pulled down 
the esophagus and out via the gastric wall.  

   Introducer Method 
 The third method is the Russell “Introducer Method,” similar 
in principle to the pull technique. An introducer with an outer 
sheath is passed over guide wire in a twisted motion until the 
sheath is clearly visible inside the stomach. The introducer is 
removed leaving the sheath behind. The PEG tube with bal-
loon is advanced through this sheath inside the stomach, the 
balloon is in fl ated under direct endoscopic visualization, and 
then the sheath is pealed away. This technique is useful in the 
presence of esophageal strictures or tumor  [  13  ] . 

  Surgical Gastrostomy  is indicated when an endoscopic 
gastrostomy cannot be performed. Patients with esophageal 
stricture, atresia, inability to transilluminate the abdominal 
wall during endoscopy, and patients due for gastric surgery 
are some indications for surgical gastrostomy. 

  Fluoroscopic Percutaneous Gastrostomy  is an alternative 
performed by interventional radiologists for patients who are 
not candidates for endoscopy under conscious sedation. 

 A comparison of open surgical, endoscopic, and laparo-
scopic methods for gastrostomy tube placement revealed the 
following: insertion times were longer in the open tech-
nique; insertion complications were noted in the laparo-
scopic and PEG cohorts; maintenance complications were 
higher in the laparoscopy cohort; overall complications 
were signi fi cantly lower in the PEG and open groups; feed-
ing start day was delayed most often in the open technique. 
The conclusion was that PEG should be the procedure of 
choice, and if contraindicated, the open surgical technique 
is best  [  14  ] . A comparison of endoscopic to radiological 
methods of tube insertion suggested that both were safe for 
nutrition delivery  [  15  ] .   

  Fig. 13.5    Needle is caught by the snare       

  Fig. 13.6    Gastrostomy tube pulled out from incision site on anterior 
abdominal wall       

  Fig. 13.7    Endoscopic view of internal bumper       

  Fig. 13.8    Gastrostomy tube with external bumper, tube clamp, and 
connector       

 

 

 

 



12313 Tube Feeding: Techniques and Procedure

   Removal of PEGs 

 PEGs may be removed under several circumstances: when 
they are no longer required (following recovery from stroke or 
head and neck cancer), following a complication such as per-
sistent site infection, failure, breakage, or deterioration of the 
PEG tube (a new tube can be inserted along the existing track) 
and “buried bumper syndrome” (internal bumper erodes into 
the gastric wall and is buried inside the gastric wall because of 
long-term external traction on the PEG tube). 

 Old PEG tubes are removed by simple traction on the tube 
at the bedside since the bumper is collapsible. If this can’t be 
done, the PEG tube can be removed endoscopically. The 
endoscope is passed following patient sedation and the PEG 
tube is pushed into the stomach so that part of the tube is vis-
ible behind the bumper. A snare is passed through the endo-
scope to grasp the internal bumper. The external part of the 
tube is then cut, the tube is withdrawn into the stomach and 
pulled up into the esophagus and removed through the mouth. 
The PEG site heals without intervention. 

 Replacement PEG tubes have in fl atable balloons instead 
of internal bumpers, and once placed, the balloon is in fl ated 
with 15 mL of sterile water or normal saline. This GT tube 
has an additional port for balloon in fl ation at the adaptor site. 
A rare complication of replacement tube is migration into the 
duodenum, causing acute pancreatitis.   

   Percutaneous Endoscopic Gastrojejunostomy 

 Endoscopic percutaneous small bowel access is obtained by 
two methods. With the  fi rst method, a PEG is placed in the 
standard fashion, followed by placement of a jejunal feeding 
tube through the PEG into the small bowel over a guidewire. 
Usually, a 9- or 12-French J tube is used. This PEGJ system 
allows for concurrent gastric decompression and small bowel 
feeding. Jejunal tubes are smaller in caliber and must be 
 fl ushed periodically to avoid clogging; reported clogging 
rates of J tubes are 3.5–35%  [  13  ] . 

  Percutaneous Endoscopic Jejunostomy (PEJ) : Small 
bowel endoscopic enteral access is used for patients unable 
to tolerate gastric feeding because of gastroparesis or gastric 
outlet obstruction or for those at high risk for aspiration. The 
insertion technique is more dif fi cult and is not done widely. 
Direct percutaneous endoscopic jejunostomy (DPEJ) is the 
most common endoscopic procedure utilized to access the 
small bowel. An enteroscope or pediatric colonoscope is 
passed up to the proximal jejunum, and through transillumi-
nation, the jejunal loop is located at the abdominal wall. The 
procedure is similar to PEG. 

 Jejunostomy tubes can also be placed surgically or 
 fl uoroscopically. Surgical placement of a jejunostomy is 
performed by a needle catheter or by the Witzel technique 

where a tube is placed through an incision in the anterior 
abdominal wall and a tunneled incision is made in the 
jejunal wall. The jejunum is sutured to the anterior abdom-
inal wall for adherence. For patients who are not candi-
dates for surgical or endoscopic procedure, jejunal feeding 
tubes are placed with radiologic guidance. Here, the stom-
ach and small bowel are insuf fl ated with air via a nasogas-
tric or nasoenteral tube; ultrasound or  fl uoroscopy helps 
locate the internal organs. A needle is inserted through 
abdominal wall into the jejunal lumen and a guide wire is 
inserted through it. The needle is removed and the tract 
dilated  [  16,   17  ] . 

 In clinical practice, there has been underuse of prophylactic 
antibiotics and delay in institution of nutritional support after 
gastrostomy, at times associated with mortality in a Canadian 
study  [  18,   19  ] . Table  13.3  provides advantages and disadvan-
tages of different approaches to tube feeding.   

   Complications of Enteral Nutrition 

 Potential complications of enteral feeding may be: mechanical, 
such as malposition, blockage, unwanted removal, visceral 
rupture,  fi stula, ulceration; metabolic or electrolyte 

   Table 13.3    Nasogastric, PEG, and postpyloric feeding  [  2,   17  ]    

 Nasogastric feeding 
  Advantages 
   Easily placed, inexpensive, used short term 
    Use to provide medication, gastric irrigation, and small bowel 

decompression 
  Disadvantages 
   Patient discomfort, epistaxis, respiratory tract intubation 
   Easily dislodged and clogged 
   Can use only temporarily 
 Gastric feeding 
  Advantages 
    More physiological, easy placement, convenient, tolerated, 

satisfactory approach for caregivers 
    Low complication rate (less likely to be clogged or dislodged), 

cost-effective 
  Disadvantages 
    Delayed gastric emptying, gastroesophageal re fl ux, and 

aspiration 
 Postpyloric (jejunal) feeding 
  Indication 
    Recurrent pulmonary aspiration, severe GERD and esophagitis, 

recurrent emesis 
   Gastric and antroduodenal dysmotility 
  Advantages 
    Minimizes aspiration risk (vs. PEG), bene fi cial in acute 

pancreatitis 
   Maintains gut-based immunity 
  Disadvantages 
    Dif fi culty with placement and ease of displacement, feeding 

intolerance (dumping syndrome), small size tube is easily clogged 
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 abnormalities; gastrointestinal including diarrhea, constipation, 
re fl ux, aspiration secondary to vomiting, drug interaction, and 
refeeding syndrome. Tables  13.1  and  13.4  list complications 
associated with different enteral feeding tubes  [  20  ] . 
Complications of the PEG procedure itself include bleeding, 
infection, perforation, or aspiration. Mortality related to PEG 
procedure is extremely rare. Recently, the value-computerized 
tomography in delineating thickness of subcutaneous fat, 
abdominal wall thickness, and muscle has shown value in mini-
mizing potential complications before PEG placement  [  21  ] .  

 The provision of a percutaneous enteral tube feeding service 
should be within the domain of the hospital nutrition support 
team, which should help assess and select patients for tube 
feeds and postprocedure care; ethical considerations may com-
plicate decision making  [  22,   23  ] .    Finally, it is worth noting that 
up to a  fi fth of patients may require PEG only for a short term; 
a weaning trial should remain a consideration; trial of oral feed-
ing while the PEG is in place is a reasonable option. 

  Key Points 

    Percutaneous endoscopic gastrostomy (PEG) is the pre-• 
ferred method for long-term enteral nutrition; the procedure 
can be done easily, is safe, and has a low complication rate.  
  Prepyloric (gastric) feeding is more physiologic and well • 
tolerated compared to postpyloric feeding through 
jejunostomy.  
  The decision to place a PEG should follow careful patient • 
selection and discussions with caregiver, including pros, 
cons, and alternatives, without providing unrealistic 
expectations.  

  There is insuf fi cient evidence to suggest that long-term • 
enteral tube feeding is bene fi cial in patients with advanced 
dementia. Advanced age, poor nutritional status, and pres-
ence of pressure ulcer were predictors of poor outcome.  
  Up to a  fi fth of patients may require their PEG only for a • 
short term.  
  Pulmonary aspiration, diarrhea, peristomal wound infection, • 
leakage, and tube obstruction are common, but preventable 
complications of tube feedings.          
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   Overview    

 Changes associated with normal aging increase nutritional 
risk  [  1–  3  ] . Maintenance of nutrition is an essential compo-
nent of comprehensive geriatric care, particularly in the acute 
care setting where the presence of malnutrition is clearly 
associated with increased complications irrespective of the 
underlying disease, resulting in reduced function and quality 
of life  [  4–  6  ] .  

   Prevalence of Malnutrition 

 Malnutrition and involuntary weight loss occur in 25–60% of 
institutionalized patients and 35–65% of hospitalized elderly 
patients  [  4,   7,   8  ] . Ambulatory outpatients are less frequently 
malnourished with estimates ranging from 1 to 15%  [  4,   7,   8  ] . 
In one study, malnutrition was observed in 29% of new 
admissions to a long-term care geriatric facility  [  4  ] .  

   Pathophysiology of Malnutrition 

 In general, the causes of weight loss in elderly people can be 
classi fi ed into those due to disease, psychological distress, or 
socioeconomic factors (Table  14.1 ). Psychological factors 
contribute signi fi cantly more to weight loss in the geriatric 
population than the young  [  9–  15  ] . Under-nutrition may itself 
contribute to the depression, leading to a vicious cycle  [  16,   17  ] . 

Dementia is commonly associated with insuf fi cient oral intake, 
and less often with hyperactivity and enhanced energy require-
ments  [  18  ] . In advanced dementia, dysphagia may exacerbate 
the situation. Up to one-quarter of all cases of malnutrition in 
this population have no identi fi able cause  [  10  ] .   

   Nutritional Screening and Assessment 

 The American Society of Parenteral and Enteral Nutrition 
(ASPEN) has provided clinical practice guidelines and ratio-
nales for nutrition screening, assessment, and intervention in 
adults  [  19  ] ; the summary includes:
    1.    Screening for nutrition risk is suggested for hospitalized 

patients, as patients identi fi ed at nutrition risk are associ-
ated with longer length of hospital stay, complications, 
and mortality.  

    2.    Nutrition assessment is suggested for all patients who are 
identi fi ed to be at nutrition risk by nutrition screening, as 
malnourished patients have more complications and lon-
ger hospitalizations than do patient with optimal nutrition 
status.  

    3.    Nutrition support intervention is recommended for 
patients identi fi ed by screening and assessment at risk for 
malnutrition, as it may improve clinical outcomes.      

   Indications for Nutritional Support 

 Countless studies have evidenced the adage “if the gut works, 
use it” (Fig.  14.1 ). Mechanical obstruction is the only abso-
lute contraindication to enteral feeding. Severe diarrhea, pro-
tracted vomiting, enteric  fi stula, and intestinal dysmotility 
may provide special challenges to tube feeding, but are not 
necessarily contraindications  [  20  ] . Nutritional support must 
be tailored to individual needs. When unable to eat adequately, 
oral nutritional supplementation (ONS) can increase energy, 
protein, and micronutrient intake to improve nutritional status 
and survival  [  21,   22  ] .  
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 Because nutrient stores are often depleted in the elderly, 
enteral nutrition (EN) is begun as soon as possible in ICU 
patients not expected to eat normally within 5 days  [  23  ] . 

Patients with severe neurological dysphagia are commonly 
malnourished, and, again, tube feeding to bypass the problem 
is initiated as soon as possible, accompanied by intensive 
swallow therapy until safe and suf fi cient oral intake from a 
normal diet is possible  [  24,   25  ] . 

 The indications for postpyloric feeding include gastropa-
resis, acute pancreatitis, gastric outlet stenosis, recurrent 
aspiration, and trachea-esophageal  fi stula. If the estimate is 
that resumption of normal eating will take over 2 weeks, 
early percutaneous endoscopic gastrostomy (PEG) should be 
considered, since it is associated with less treatment failures 
and better nutritional status  [  26  ] . For patients with terminal 
dementia (irreversible, immobile, unable to communicate, 
completely dependent, lack of physical resources) nutritional 
interventions utilizing tube feeding and PEGs are not recom-
mended  [  27  ] . When oral or EN is impossible and has been or 
is likely to be insuf fi cient for more than 7–10 days, paren-
teral nutrition (PN) should be instituted in the acutely ill 
older person. EN should always be the  fi rst choice with PN 

   Table 14.1    Common causes of unintentional weight loss in geriatric 
patients, with a range of occurrence  [  9–  13,   15,   90  ]    

 Malignancy (%)  16–36 
 Psychiatric illness including depression (%)  9–42 
 Gastrointestinal disorder (%)  6–19 
 Endocrine disease (e.g., hyperthyroidism) (%)  4–11 
 Cardiovascular disease (%)  2–9 
 Nutritional de fi ciency and alcohol abuse (%)  4–8 
 Respiratory disease (%)  6 
 Neurologic disease (%)  2–7 
 Chronic infections (%)  2–5 
 Chronic kidney disease (%)  4 
 Connective tissue disease (%)  2–4 
 Adverse drug effects or drug-induced weight loss (%)  2 
 Unknown (%)  10–36 

  Fig. 14.1    Algorithm for 
nutritional and  fl uid management 
in the aged       
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less often justi fi ed as it is more invasive and associated with 
serious complications, besides requiring intensive nursing 
care  [  28,   29  ] . PN and parenteral rehydration in this context 
should be considered medical treatments rather than basic 
care. Therefore, their use should be balanced against a real-
istic chance of improvement in the general condition. 

 For patients unable to fully meet their nutritional require-
ments through EN, there is accumulating evidence that PN 
should be used to “top up” in order to meet nutritional goals 
and prevent progressive energy debt.  

   Methods of Nutrition Support 

   Oral Nutritional Supplements 

 The  fi rst approach to the undernourished patient is to improve 
normal oral food intake. The patient and family should be 
interviewed in the presence of a dietitian to assess food intake 
and preferences. Dietary assessment will dictate solutions to 
poor intake; recommendations on food intake require follow-
up within a month to assess the response. If there is no 
improvement, supplementation of the usual diet with nutri-
ent-dense formula diets is the next step. Supplements are 
available at drug stores; examples include “Boost,” “Carnation 
Instant Breakfast,” and “Ensure,” with taste preferences dic-
tating choice. If weight loss continues in a month, it may be 
appropriate to consider EN or “tube feeding.”  

   Enteral Nutrition 

 Enteral nutrition (EN) refers to any form of arti fi cial nutri-
tion delivered to the gastrointestinal tract. EN is not only 
superior to PN in its ef fi ciency of utilization by the body, but 
also in its ability to maintain mucosal health and suppress 
systemic in fl ammatory responses. EN maintains mucosal 
barrier function and minimizes the risk of overfeeding, infec-
tive complications, and hyperglycemia  [  23,   30,   31  ] . However, 
data suggest that nutritional restitution in frail elderly patients 
with sarcopenia is dif fi cult even with EN compared to 
younger patients  [  32,   33  ] .

    (A)     Methods of EN : There are several ways to deliver EN, 
with the choice dependent on feeding issues  [  20,   34  ] . 
For anorexia, dysphagia, or dementia, placement of a 
nasogastric (NG) tube is the temporary solution. For gas-
troparesis, postpyloric placement is more effective and 
reduces the risk of aspiration. If tube feeding is likely to 
be required for over a month, placement of a percutane-
ous gastrostomy is indicated. It is important to assess GI 
tolerance to additional feeding by initially using an NG 
tube, before subjecting the patient to the additional surgical 
risks of PEG for long-term support. This circumvents 

the issue of anorexia and provides information on 
whether the inability to eat is due to central causes or 
mechanical problems, such as subacute obstruction or 
dysmotility.
    (i)     Nasogastric Feeding : These tubes can be placed at 

the bedside by virtually any member of the health 
care team. However, the esophagus may be tortuous 
(presbyesophagus) in the aged and the tube can get 
stuck in a fold or diverticulum increasing perfora-
tion risk or enter the airways. Placement is best with 
the patient sitting up, with the nostrils and tube well 
lubricated. The tube is passed in a simple arc and 
not bent too acutely. Once in the esophagus, a small 
sip of water will help propel the tube into the stom-
ach assisted by peristaltic contractions. The end of 
the tube should be placed in the antro-fundal region 
for best function. Before feeding, it is imperative to 
demonstrate that the tube is in the stomach, by 
injecting 30 cc air down the tube while auscultating 
the epigastrium. A blast with bubbles is heard; the 
maneuver is not diagnostic, as the tube tip in the 
esophagus may sound similar and may be hard to 
distinguish. If there is any concern, a chest X-ray is 
performed before commencing feeding, as bronchial 
displacement can be remarkably asymptomatic in 
the aged in fi rm sick patient. Feeding is always begun 
as a continuous 24-h infusion with monitoring of 
tolerance as previously described  [  35  ] . Nasogastric 
(NG) tubes are remarkably effective in providing 
enteral feeding in the ICU setting  [  36  ] . If NG feeding 
is not tolerated because of nausea and vomiting due 
to high gastric residual volume or delayed gastric 
emptying (e.g., in diabetics, stroke, critical illness, 
and as an adverse drug effect), postpyloric feeding 
may be attempted. Once goal infusion rates are 
achieved, cyclical feeding is utilized, where infu-
sions are provided primarily at night over 12 h at a 
faster rate, allowing the tube to be clamped by day 
to encourage normal activities and eating. Older 
adults are best encouraged to eat even though enteral 
feeding is commenced, to minimize withdrawal and 
social isolation.  

   (ii)     Postpyloric Feeding : Feeding tubes can be passed 
through the stomach and into the duodenum or even 
further down the jejunum by manual, endoscopic, or 
radiological techniques. (a)  Manual : Feeding tubes 
are easy to place in the stomach, but postpyloric 
placement is often more dif fi cult because the pylorus 
is bent back on the body of the stomach. This is even 
harder with a previous history of peptic ulcer disease 
or surgery. Prokinetic drugs (e.g., metoclopramide, 
erythromycin) administered before tube insertion 
can increase the success of pyloric intubation, as 
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can maneuvers such as in fl ating the stomach with 
500 cc air and positioning the patient on the right 
side. Duodenal placement can also be assisted by 
devices such as the “Cortrak,” which uses an exter-
nal magnet to draw the metal tip of the feeding tube 
through the pylorus  [  37  ] . (b)  Endoscopic : the devel-
opment of thin caliber endoscopes (i.e., 5–5.8 mm) 
has made transnasal endoscopic placement of feed-
ing tubes possible  [  38  ] . The technique has the 
advantage of visibility, minimizing mucosal trauma, 
misplacement in the airways, and detection of 
unsuspected upper GI disease. A routine diagnostic 
endoscopy of the esophagus, stomach, and duode-
num is followed by the deployment of a guide wire 
through the operating channel of the endoscope 
once in the distal duodenum .When the endoscope is 
withdrawn, the lubricated feeding tube is fed over the 
guide wire and pushed into position. (c)  Radiological : 
Tubes are manipulated with  fl uoroscopic guidance 
through the nose, esophagus, and stomach into the 
duodenum and jejunum  

   (iii)     Percutaneous Gastrostomies : In general, if tube 
feeding is needed for longer than 2–4 weeks, a gas-
trostomy should be considered as it is more com-
fortable for the patient, and easier to use for the 
caregiver. Gastrostomy, whether by open surgery, 
endoscopy, or radiology, is a surgical procedure 
involving willful perforation of the bowel; it is 
therefore invasive and associated with potentially 
life-threatening complications particularly in the 
aged, malnourished, confused patient. While a gas-
trostomy renders institutional care easier, it deprives 
the patient of the joy of tasting food, and the indi-
vidual attention associated with assisted feeding. 
Consequently, cup-and-spoon feeding should be 
continued as long as possible, particularly as life 
draws to a close. Gastroenterologists need to be 
reminded that PEG placement is easy, but it is inva-
sive, associated with complications that may shorten 
rather than prolong life. On the other hand, with 
neurological de fi cits (e.g., acute stroke with good 
prognosis) or mechanical esophageal dysfunction 
(e.g., carcinoma esophagus), PEGs are effective in 
maintaining nutrition while awaiting recovery.      

    (B)     Practical guidelines for EN :
   (i)     Nasogastric Feeding : The risk of aspiration is higher 

with NG than postpyloric feeding, especially with 
delayed gastric emptying or dysmotility. The risk is 
minimized by:
   (a)    Keeping the head up, body at 45°.  
   (b)    Start at 25 cc/h, increase by 25 cc/h every 12 h 

until goal feeding rates are achieved at 25 kcal/kg 
ideal body weight.  

   (c)    Use a regular isotonic polymeric feed unless the 
patient has pancreatic insuf fi ciency. Check gas-
tric residual volumes every 4–6 h. If volumes are 
>250 cc try prokinetics (e.g., metoclopramide), 
and discontinue causative medications such as 
opiates or anticholinergics. PPIs may reduce 
endogenous secretions, but long-term use is dis-
couraged due to numerous adverse effects such 
as aspiration pneumonia, nutrient de fi ciencies, 
bacterial overgrowth, hip fracture, and other 
consequences  [  39  ] .  

   (d)    Use a pumped continuous feeding rate rather 
than bolus feeding until good tolerance is shown. 
After this, bolus feeding can be given to ease 
administration and institutional care.      

   (ii)     Postpyloric Feeding : Use similar precautions as 
above. The risk of high gastric residual volume is 
less, as is aspiration. Use a continuous feeding 
schedule with pump, as bolus feeding is never used 
in the small intestine, being not physiological. Either 
add water to the feed or feed at a faster rate and if 
using a “closed system,” piggy-back the hydration 
requirements into the feeding port. IV infusions for 
hydration should never be used in patients who have 
enteral access. Solid medications cause tube occlu-
sion and are ideally never administered via the 
jejunostomy; the tube should be  fl ushed every 6–8 h 
with at least 20 cc tap water.           

   Types of Enteral Formula 

 Enteral formulas consist of varying mixtures of protein, car-
bohydrate, and fat and may fall into one of the categories 
(Table  14.2 ). Isotonic general-use formulas, based on the 
composition of normal food, with caloric densities of 
1–1.2 kcal/mL, with or without added  fi ber, are the initial 
products of choice as they meet most requirements, are well 
tolerated, and not expensive. Higher caloric density formulas 
(1.5–2.0 kcal/mL) are useful for short-term use when  fl uid 
restriction is crucial.  

   Disease Speci fi c/Specialty Formula  [  23,   40–  42  ]  

     • Fiber : Formulas with high  fi ber content help prevent or 
decrease tube-feed related diarrhea and constipation. 
Constipation is more common in the aged, with  fi ber 
essential to maintain a normal microbiota to help convert 
the residues to short chain fatty acids essential for mucosal 
health, function, and motility  [  43  ] .  
   • Malabsorption, maldigestion, short bowel : Patients with 
impaired digestion (e.g., chronic pancreatitis) or mucosal 
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function (the critically ill) will better tolerate formulae 
that are hydrolyzed to semielemental (e.g., Peptamen, 
Nestle Nutritionals) or elemental form (Vivonex, Nestle 
Nutritionals). Such formulae are helpful in acute pancrea-
titis where pancreatic stimulation is best minimized.  
   • Immune-enhancing diets (IED) : This is a loose term, 
encompassing all formula that contain enrichments with 
nutrients known to have an effect on in fl ammation, e.g., 
arginine, glutamine, and  n -3 fatty acids ( fi sh oils). No 
clinical trials have examined their effectiveness speci fi cally 
in the elderly; meta-analysis  [  44  ]  of 22 randomized trials 
with 2,419 patients comparing immunonutrition to stan-
dard enteral nutrition in surgical and critically ill patients 
revealed that IEDs were associated with lower infection 
rates, but no difference in mortality. Subgroup analysis 
suggested that critically ill patients might have a higher 
mortality with arginine supplementation. In a later meta-
analysis of 24 studies (with 3,013 patients), 12 in critical 
care, 5 involving patients with burns, and 7 concerning 
trauma victims, data con fi rmed a reduction in infections 
but no effect on mortality  [  45  ] . In summary, the additional 
cost of these products is probably unwarranted. It is prob-
ably more important to strive to meet nutritional require-
ments with standard commonly available feeds.  
   • Renal failure : General use formula (Table  14.2 ) can be 
used for short-term EN in undernourished patients with 
chronic kidney disease (CKD)  [  46  ]  and for patients on 
dialysis. Disease-speci fi c formulae (protein-restricted 
formulae containing essential amino acids and ketoana-
logues with reduced electrolyte content) are better toler-
ated in patients with CKD requiring EN greater than 5 
days  [  47  ] . These products also have a high energy density 
(1.5–2.0 kcal/mL) to assist in  fl uid restriction (e.g., 
Nepro ® , Abbott Nutrition, Columbus, OH).  
   • Obstructive lung disease : Studies suggest that the stan-
dard formula rich in carbohydrates providing 50–60% 
calories may predispose to respiratory failure due to a 
higher respiratory quotient  [  48,   49  ] . Patients with 
obstructive lung diseases may bene fi t from formulae with 

higher fat content (e.g., Pulmocare ® , Abbott Nutrition, 
Columbus, OH).  
   • Diabetes : Low glycemic index formulae (e.g., Glucerna 
SR ® , Abbott Nutrition, Columbus, OH) with complex car-
bohydrates can lead to signi fi cantly better 24 h and post-
prandial glucose pro fi les than isocaloric standard 
 fi ber-containing formulae after bolus administration. This 
may promote glycemic control in diabetic patients  [  41  ] .  
   • Liver failure : Hepatic formulae (e.g., Hepatic-Aid II ® , 
Hormel Health Labs, Austin, MN) are high in branched 
chain amino acids and low in aromatic amino acids. This 
combination normalizes the disturbed amino acid pro fi le 
in the bloodstream, reduces encephalopathy, and improves 
protein synthesis in patients with liver failure  [  50,   51  ] . 
Improvement in nutritional status, survival, and reduction 
in complications have been noted in cirrhotics with severe 
malnutrition supplemented with hepatic enteral formula 
 [  52,   53  ] .     

   Parenteral Methods 

   Hydration 
 Hypodermoclysis (HDC) is the method of correcting  fl uid 
de fi cits by subcutaneous infusion. Its advantage is that it is 
simple and less invasive than IV hydration, and can be man-
aged by nursing staff or family members in the home environ-
ment or nursing facility, avoiding stressful hospitalization  [  54  ] . 
Near-isotonic  fl uids are introduced into subcutaneous tissues to 
correct mild-to-moderate dehydration, especially in chronic 
care settings where the intravenous route is dif fi cult  [  55  ] . 
The preferred  fl uid is normal saline, but half-normal saline, 
dextrose-saline, or 5% dextrose may also be used with addi-
tions of potassium chloride up to 40 mEq/L. Typical rates of 
infusion are 1 mL/min/site or 1.5 L/day/site, by gravity through 
a 31 or 23 gauge needle, with site changes every 4 days. Needles 
are inserted at 45–60° angle into sites such as abdomen, upper 
chest, thigh, and outer upper arm. The addition of hyaluroni-
dase 150 units/L permits higher rates of infusion.  

   Table 14.2    Composition of standard and disease-speci fi c enteral nutrition products  [  87  ]    

 Product (examples of brands) 
 Caloric density 
(kcal/mL)  Protein (g/L) 

 Energy (%) 

 Carbohydrates  Fat  Protein 

 General use: Jevity, Osmolite, Ensure  1.0  35–45  55  30  15 
 High nitrogen: Promote, Replete, Sustacal  1.0  62  50  25  25 
 High nitrogen, high calorie: Nutren 1.5, Plus, Ensure Plus, Resource Plus  1.5  60  50  35  15 
 Very high nitrogen, very high calorie: Magnacal, Nutren 2.0  2.0  70–80  45  40  15 
 Renal, predialysis: Suplena, Amin-aid  2.0  20–30  50–75  20–45   5 
 Renal, dialysis: Nepro  2.0  70  43  43  14 
 Diabetes: Glucerna  1.0  70  33  50  17 
 Pulmonary disease: Pulmocare, NutriVent  1.5  60–70  27  55  18 
 Critical care: Alitraq, Impact  1.0  50–70  55–65  15–25  20 
 Gastrointestinal dysfunction/semielemental: Peptamen  1.0  40  51  33  16 
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   Parenteral Nutrition 
 Age per se is not a reason to exclude patients from PN  [  56  ] . 
Parenteral nutrition is the sole source of feeding in patients 
with intestinal failure (total parenteral nutrition) or to supple-
ment malnourished patients inadequately fed by EN. Its use, 
however, in terminal patients, especially for inoperable or 
untreatable cancer with limited life expectancy (less than 3 
months) should be avoided, as it does not improve quality of 
life nor survival  [  57  ] . This must be  fi rmly explained to the 
family, as it may be perceived that forced feeding may improve 
strength and function, when it often has the reverse effect of 
impairing mobility and worsening outcomes. Pharmacological 
sedation or physical restraints to make PN possible is not 
justi fi ed. PN is delivered by central vein (e.g., subclavian) if 
its use is estimated to be >4 weeks, or peripheral vein (PICC) 
for short term  [  58  ] , as PICC is easier to place and replace. 

 In permanent intestinal failure due to massive intestinal loss 
(short bowel) or inoperable obstruction, long-term PN at home 
(HPN) is life-saving. In United States, patients over the age of 65 
represented a quarter of all HPN patients  [  59  ] . With demographic 
trends suggesting increase in life expectancy, older people will 
require HPN in the future. Managing TPN at home is dif fi cult, 
requiring education for the caregiver regarding catheters and 
infusions, prior to discharge from hospital. Poor management 
increases the risk of life-threatening septicemias through IV con-
tamination and metabolic derangements  [  60,   61  ] .    

   Outcomes Associated with Arti fi cial 
Feeding in the Elderly 

   Enteral Nutrition 

  General : In the elderly with functioning gastrointestinal 
tracts but eating inadequately, enteral feeding is associated 
with fewer infections, lower costs, and shorter hospital stays 
compared to parenteral nutrition support  [  62  ] . EN reduces 
risk of major life-threatening infections and noninfection 
events, and other adverse events with signi fi cant cost reduc-
tion; shifting more adults from PN to EN may result in cost 
savings  [  63  ] . Home enteral tube feeding (in the community) 
is an option that provides several bene fi ts as long as the train-
ing and after care is appropriately provided  [  64  ] . 

  Orthopedic Surgery : Elderly patients are at greater risk of 
falls, consequent fractures, and need for orthopedic proce-
dures. Voluntary oral intake may be insuf fi cient to meet the 
enhanced requirements of energy, protein, and micronutri-
ents following orthopedic surgery. Rapid deterioration in 
nutritional status impedes recovery and rehabilitation. ONS 
have a positive impact on the rate of postoperative complica-
tions after orthopedic surgery  [  65,   66  ] . 
  Pressure Sores : Impaired nutrition may be one of several fac-
tors that delays healing of pressure ulcers; ONS with high 

protein content may favorably impact healing of pressure 
ulcers in elderly patients  [  67  ] . 

  Depression : Anorexia and refusal to eat commonly accompany 
depression in the aged. If ONS fails, it is appropriate to main-
tain nutrition by EN while depression is being treated  [  16,   17  ] . 

  Dementia : Few studies have shown limited improvement in 
body weight in patients with dementia on EN  [  68  ] . The suc-
cess of nutritional therapy in dementia is strongly in fl uenced 
by the severity of disease, comorbidities, and the general con-
dition. Getting an early start with adequate, high-quality 
nutrition in the early-to-moderate stages of dementia may 
help sustain a stable condition  [  69  ] . While a meta-analysis of 
32 randomized controlled trials with 3,017 elderly patients 
with dementia revealed a lower mortality risk in those supple-
mented with EN  [  70  ] , another meta-analysis revealed no 
effect  [  71  ] . The data on functional status in dementia is incon-
sistent. Gray-Donald et al.  [  72  ]  observed a signi fi cantly lower 
frequency of falls and higher activity level in patients supple-
mented with EN as compared to nonsupplemented. On the 
other hand several studies detected no difference between 
intervention and control groups with respect to independence 
in activities in daily living  [  73,   74  ] . 

  Dysphagia and Aspiration : Aspiration pneumonia in tube-
fed elderly is common; data are inconclusive regarding the 
reduction in pneumonia risk with nutrition delivered through 
NG or PEG tubes  [  75,   76  ] . 

  PEGs : In comparing PEG with NG tubes in geriatric patients, 
PEGs are superior in facilitating the administration of greater 
amounts of energy and nutrients over longer periods, and with 
less discomfort, helping nutritional status  [  77,   78  ] . This may 
not translate into prolonged survival in all tube-fed patients. 

 Complications associated with EN have been summarized 
in Table  14.3 .   

   Parenteral Nutrition 

 Geriatric patients suffer the same complications as those by 
the younger, but the frequency is higher  [  59  ] . Vitamin and 
mineral de fi ciencies are more prevalent in old compared to 
the young and not always corrected through PN  [  79  ] . A study 
involving 325 patients on PN con fi rmed that, with a similar 
nutritional intake, depleted body mass was restored more 
slowly in older patients; age was a signi fi cant independent 
variable affecting the response to nutritional support  [  80  ] . 
Insulin resistance and the prevalence of diabetes mellitus 
increase with age, calling for monitoring of glucose toler-
ance in the elderly on PN  [  81  ] . Hyperglycemia in noncritical ill 
patients receiving PN is a risk factor for increased mortality  [  82  ] . 
Data also suggests that in spite of tight glucose control, PN 
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remains a risk factor for infections in surgical intensive critical 
care patients  [  83  ] . Impaired cardiac and renal functions are 
common in the old;  fl uid and sodium infusions require cau-
tion, especially during periods of mobilization of extracellular 
water that has accumulated due to in fl ammatory processes or 
during refeeding  [  84  ] . 

  Refeeding Syndrome : The refeeding syndrome is common in 
malnourished elderly. Before commencing EN or PN blood 
tests must determine metabolic status, with particular atten-
tion to phosphate and potassium. Feeding is commenced at 
25–50% of estimated daily requirements and advanced as 
tolerated daily with follow-up laboratory tests. Additional 
vitamin supplements are advised from start, for example 
thiamine and water-soluble vitamins, as thiamine de fi ciency 
may contribute to the refeeding syndrome, impairing the 
utilization of infused carbohydrate and protein. Glucose 
infusion can provoke a rapid drop in plasma phosphate level 
leading to several acute changes including hypoxia, rhab-
domyolysis, hemolysis, and delirium  [  85  ] . Thiamine 
de fi ciency can be precipitated in the refeeding syndrome 
causing Wernicke’s encephalopathy or Korsakov’s syndrome 
with diplopia, confabulation, confusion, and coma. 

 There is some evidence that the elderly on PN may require 
a formula with higher lipid content, up to 50% of the total 
energy intake, due to alterations in glucose oxidation, but 
most important is the need to avoid overfeeding, at over 
25 kcal/kg/day  [  86,   87  ] . Older age was associated with a 
higher risk of central catheter vascular erosion in a prospec-
tive study of 1,499 patients  [  88  ] . Data is inadequate on the 
effect of PN on quality of life and length of hospital stay in 
older people  [  89  ] . 

 Home TPN can support improvement of functional status, 
but the margin of improvement is lower than in younger 
patients  [  59  ] . In a study of patients with dysphagia on Home 
TPN, the elderly had poorer outcome (i.e., lower survival, 
poorer rehabilitation, and fewer resumed full oral nutrition) 
than those younger after 1 year of follow-up  [  59  ] . The con-
clusion was that age was a negative prognostic factor, but 
Home TPN was still reasonably effective. 

 Complications associated with PN are summarized in 
Tables  14.4  and  14.5 .   

  Key Points 

    Malnutrition is common in geriatric population, and a • 
consideration for some forms of nutritional support.  
  As long as the gut is functional, the preferred route for • 
nutrition is oral nutritional supplementation, followed by 
enteral nutrition.  

   Table 14.3    Adverse nonmechanical effects of enteral nutrition and 
management approaches  [  91  ]       

 Adverse effects  Management 

 Poor tolerance 
  Frequent self-extubation 
  Agitation 

 Consider 
  Percutaneous gastrostomy tubes 
   Parenteral nutrition (if bene fi ts 

outweigh the risks) 
 Pulmonary 
  Aspiration 

  Elevate head of bed to over 30° 
   Monitor gastric residuals and rate 
of feeding 

  Nasointestinal, G-J, J tubes 
 Gastrointestinal 
  Gastric retention 
  Nausea/vomiting 
  Diarrhea 

  Low-fat formula, metaclopramide 
  Nasointestinal, G-J, J-tubes 
   Address delivery rate, use of  fi ber, 

infectious causes, antidiarrheals 
 Metabolic complications 
  Hyperglycemia 

  Fluid and electrolytes 

  Refeeding syndrome 

   Routine monitoring of glucose, 
insulin dose, and electrolytes 

   Monitor weight, volume status, 
free water and electrolyte 
administration 

   Monitor phosphorous, magnesium, 
potassium 

 Drug interactions 
   Tube feeds and drug 

bioavailability (e.g., 
cipro fl oxacin, azithromycin) 

   Frequent medication 
administration interrupts 
nutrition 

   Hold feedings 15 min before and 
after medication administration 

   Alternate medication routes may 
be considered (IV, IM, transdermal) 

   Table 14.4    Metabolic and  fl uid-related complications of TPN and 
possible corrective strategies  [  91  ]    

 Condition  Prevention/management 

 Fluid overload  Restrict  fl uid administration 
 Hyperglycemia  Carbohydrate delivery (rate, amount) 
 Hypoglycemia  Avoid sudden cessation of TPN 
 Refeeding syndrome  First replace vitamin and nutrition 

defi ciencies; Start, titrate TPN slowly 
 Hypertriglyceridemia  Fat infusion rates and frequency 
 Metabolic alkalosis  Consider renal or gastrointestinal losses 
 Metabolic acidosis  Intestinal losses (diarrhea), or sepsis 
 Respiratory (hypercarbia)  Total calories (proportion) from fat 

   Table 14.5    Other complications of TPN and potential corrective 
measures  [  91  ]    

 Condition  Prevention/management 

 Line related 
  Line infection 

  Catheter occlusion 

 Single-lumen catheter, dedicated TPN line; 
infection control practices 
 Regular  fl ushes; no line blood draws; urokinase 

 Hepatic 
  Steatosis/LFTs 

  Biliary (cholestasis) 

 Avoid carbohydrate overfeeding; rule out other 
causes 
 Enteral feed if possible 
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  Intestinal failure is the only absolute indication for PN, • 
although initial PN supplementation may be necessary in 
the critically ill depleted patient while awaiting the goals 
achievable through EN.  
  PN is associated with far more complications and costs • 
than EN.  
  In the majority of patients, a simple low-cost polymeric • 
formula will meet most nutritional requirements.  
  Forced feeding through EN, PN, or PEG tube placement • 
in the terminally ill should be avoided, as these interven-
tions have complications and may actually impair the 
remaining quality of life.           
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      Background 

 Percutaneous endoscopic gastrostomy (PEG) has been often 
used as a means for feeding the elderly with dementia. In a 
US survey, 34% of 186,835 nursing home residents with 
advanced cognitive impairment had a feeding tube  [  1  ]  with 
the prevalence of PEGs in demented patients varying 
signi fi cantly by race and region  [  1,   2  ] . A study that compared 
ethnic and national differences in end stage dementia in 
Canada and Israel found that 24% (92/376) of severely 
demented residents in long-term care (LTC) had either a 
nasogastric or gastrostomy tube for feeding  [  3  ] . A German 
study found the prevalence of PEG to be 6.6% with 55% of 
them placed prior to placement in LTC and the rest following 
placement  [  4  ] . The annual per patient cost of tube feeding is 
around $31,832 ($87.21/day), a signi fi cant burden to the 
health care economy  [  5  ] . Annual PEG insertions have 
increased in the over 65 age group from 15,000 in 1989 
to123,000 in 1995  [  6  ] . It is well recognized that the most sat-
isfying mode of feeding is the oral route; yet, PEGs are placed 
at times prematurely before exploring every alternate option 

for oral feeding  [  7  ] . Ideally, one would expect those with 
Advance Directives to provide expectations and details 
regarding preferred feeding options, especially with reference 
to tube feeding, but in practice this information is often lack-
ing. In such scenarios, decisions should follow meaningful 
and timely discussions between patient or caregiver and a 
multidisciplinary team; discussing outcomes, both short-
term and long-term without providing undue expectations; 
aspects to be stressed must include nutritional goals, life 
expectancy, risk of aspiration, healing of pressure ulcers, and 
above all quality of life  [  8–  15  ] . Some institutions have 
addressed the issue by using quality improvement methodol-
ogy  [  16  ] , demonstrating favorable results by involving a 
hospital enteral feeding service  [  17  ] . Addressing reversible 
or modi fi able factors appropriately may even preclude PEG 
placement  [  7  ] .  

   Appropriate Indications for PEG 

 Although the objective of this chapter is not a discussion on 
the indications for PEG, one must nevertheless recognize the 
situations where insertion of PEG is appropriate, well stated 
by Angus and Burakoff  [  14  ] . Gauderer, who developed the 
procedure, termed PEG, expressed that we address ethical 
aspects coupled with the “need to demonstrate that our inter-
ventions truly bene fi t the patient”  [  18  ] . Appropriate indica-
tions for PEG include: esophageal obstruction (e.g., from 
cancer); dysphagia from neurological disease (e.g., follow-
ing stroke) without mechanical obstruction; refusal to swal-
low without evidence of a terminal state (e.g., severe 
depression); and as supplemental nutrition for those on 
chemo or radiation therapy  [  14  ] . Clinically, one should 
expect the patient to survive longer than 4 weeks and actu-
ally bene fi t from the procedure; if no physiologic bene fi t or 
improvement in quality of life is expected, the provider is 
not obligated to offer PEG as a means of feeding  [  14  ] . 
Gastroenterologists are expected to evaluate the disease 
process and rami fi cations of PEG placement.  
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   Perceived Reasons for PEGs and Expectations 

 The concept of PEG feeding is often inadequately under-
stood and assumed to have only bene fi ts, which may be 
incorrect. The anticipation is that PEGs improve nutritional 
status, help heal pressure ulcers, reduce aspiration risk, 
prolong survival, and alleviate discomfort, all considered 
rationale for placement of a PEG (Table  15.1 ); the evidence 
however, does not demonstrate long-term bene fi ts in reduc-
ing aspiration risk, healing of pressure ulcers, prolonging 
survival, or improving quality of life  [  9,   11,   19–  24  ] . A study 
of severely demented patients in the Netherlands demon-
strated that the level of discomfort (dyspnea, restlessness, 
and physicians’ observations of pain and dehydration, mostly 
in those awake) was highest only at the time of making the 
decision not to initiate tube feeding and decreased gradually 
thereafter  [  25  ] . PEGs are perceived to be a problem-free 
solution to long-term nutritional support, but mechanical 
problems are common (discussion in another chapter). 
Decisions are often made hastily, when the patient is ill, and 
often in the critical care setting; thorough evaluation may 
reveal modi fi able or reversible factors, with change follow-
ing recovery from acute illness. A study of 302 patients sug-
gested that 15% of cases who received PEG were able to 
ingest orally after the tube insertion, suggesting that indica-
tions for PEG should be carefully considered  [  26  ] . A “benign” 
delay in placing the PEG and placement outside the critical 
care setting may ultimately prove to be right decision; a study 
of 200 PEGs inserted over 2 years revealed signi fi cant mor-
tality in patients considered for PEGs in the critical care set-
ting, not from the insertion of PEG, but largely related to 
severe comorbidity in the patient  [  12  ] . Hasty decisions to 
perform PEGs occur because they are perceived to be a less 
invasive option with fewer complications compared to surgi-
cal gastrostomy to provide nutrition  [  27  ] .  

 There may also be perceived bene fi ts to long-term care 
institutions involving convenience, and health care or labor 
costs. A study compared practices in two nursing homes (NHs), 
one with a high tube feeding rate (41.8%) for advanced demen-
tia vs. another with a low rate (10.7%). The NH with a high rate 
had an institution-like environment with poor staf fi ng at meal-
times and less favorable staff attitudes regarding avoidance of 
aspiration, while the one with a low tube use rate had a home-
like environment with better mealtime staf fi ng, better values 
for hand washing, and advance care planning  [  28  ] . Better 
administrative and nursing support with family member 
interactions occurred in the NH with fewer tubes  [  28  ] .  

   PEG and Outcomes in Dementia 

 The most frequent reason for PEG insertion appears to be the 
inability to maintain adequate oral intake in advanced demen-
tia. The current evidence demonstrating bene fi ts or the lack 
of evidence for assumed bene fi ts are listed in three tables: 
data on aspiration risk are listed in Table  15.2   [  29–  32  ] , data 
on nutritional aspects are listed in Table  15.3   [  19,   22 ,  33–  35  ] , 
and data on short-term and long-term mortality are listed in 
Table  15.4   [  6,   13,   22,   23,   34–  39  ] .    

 Aspiration pneumonia is a serious problem in elderly 
institutionalized residents, often requiring hospitalization. 
An observational study found aspiration risk was 38.7% 
among post-PEG complications  [  29  ] . Aspiration is associ-
ated with high mortality rate and health care costs. Evidence 
regarding PEGs and risk of aspiration pneumonia suggests 
the ineffectiveness of PEGs for this purpose  [  29–  32,   40  ] . A 
study from Japan assessed methodology to predict this pos-
sibility using clinical factors with an arti fi cial neural net-
work system  [  41  ] . Transducer probes connected to PEG 
tubes have measured intragastric pressure, a possible surro-
gate for intra-abdominal pressure. While the method may 

   Table 15.1    Perceptions and reality regarding use of PEG in dementia 
 [  9,   11,   19–  24  ]    

 Perceptions  Reality 

 Without PEG, the patient 
may starve to death 

 No long-term improvement in quality 
of life or life expectancy 

 PEGs reduce tendency to 
aspiration and pneumonia 

 Aspiration continues to occur and in 
fact may be more common 

 Not to feed is a form of 
euthanasia 

 Survival not prolonged in advance 
dementia 

 PEGs provide comfort care 
for terminal illness 

 PEGs are associated with risk of local 
infections, dislodgement, and injury 

 Problems with feeding do not 
exist following use of PEG 

 Tubes tend to get occluded easily; 
medications are not easy to administer 

 PEGs help healing of 
pressure ulcers through 
improved nutrition 

 No decline in occurrence of new 
pressure ulcers or rapid healing of 
existing decubiti 

   Table 15.2    PEG and aspiration pneumonia  [  29–  32  ]    

 Advanced dementia; retrospective study, nursing home setting  [  29  ]  
   90 patients, average age 85.7 ± 0.8 years aspiration pneumonia 

occurred in 38.7% 
 Long-term outcomes after PEG, retrospective study  [  30  ]  
   35 consecutive patients, over 3 years, most common cause of death 

aspiration pneumonia 
 PEG vs. jejunostomy (PEJ), retrospective study, patient with cancer or 
neurologic de fi cit. [  31  ]  
  79 patients; aspiration pneumonia in 11.4% 
  Aspiration risk not reduced further in those with PEJ 
 Gastroesophageal re fl ux and aspiration after PEG, prospective study  [  32  ]  
   5 patients with dysphagic stroke, studied within a week of PEG 

placement 
  Manometry and 24-h esophageal pH in patients fed 16 of 24 h 
   Signi fi cant re fl ux in 4 of 5 patients con fi rming esophageal 

sphincter dysfunction, a predictor of poorer outcome 
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help estimate risk for aspiration  [  42  ] , the transducers and 
monitors are available only in monitored settings (e.g., criti-
cal care) and not applicable to the real world NH settings. 
Although measures such as holding feeds for a period, using 

the upright position to feed, measuring the rate of feeds, and 
correlation with gastric residue have all been utilized, in 
practice the risk of aspiration remains. Changing the feed 
consistency to more semisolid forms are claimed to reduce 
risk of gastric re fl ux due to better transit from the proximal 
to distal stomach, compared to liquids in those with PEGs 
 [  43  ] . Other studies have hinted an increased risk of re fl ux 
with semisolids  [  44  ] , suggesting the need for more data. 
Predictors of risk for aspiration in NH residents include sud-
den decline in functional status from acute illness in addi-
tion to the risk from tube feeding  [  45  ] ; aspiration is a leading 
cause of pneumonia, hospitalization, and mortality in tube-
fed patients. A prior history of aspiration may indicate that 
the patient is always at risk for aspiration, with the possible 
exception with DPEJ (direct percutaneous endoscopic 
jejunostomy) tubes, which may reduce the incidence of 
aspiration only because the tube position is more distal com-
pared to that of PEGs. But DPEJs share other complication 
risks with PEGs  [  46  ] . 

 In patients with advanced dementia, dysphagia is com-
mon; PEGs are often recommended as a permanent solution. 
However, underlying modi fi able factors are inadequately 
addressed. With comprehensive and multidisciplinary evalu-
ation, several causes can be discerned, many reversible or 
modi fi able; examples include dysphagia associated with 
medications, Parkinson’s disease, or that occurring only for a 
transient period following a stroke; in some cases, the patient 
may tolerate some but not all food consistencies. One of the 
initial steps should be to ascertain the reason(s) for inability 
to swallow through a multidisciplinary team approach, 
including involvement of neurologist, occupation therapist 
(and speech and swallow specialist), and gastroenterologist 
 [  7,   26  ] . Language barriers should be addressed  [  7  ] . Diets 
should be modi fi ed for appropriate consistency and tailored 
to patient’s preferences and quality of life, with provision of 
help from staff or caregiver. 

 The frail elderly with advanced or terminal dementia in 
the NHs are often perceived as not having a terminal condi-
tion and candidates for a palliative approach. A signi fi cant 
proportion of this group gets nonpalliative interventions 
including feeding tubes  [  47  ] . Studies consistently demon-
strate a lack of bene fi t for nutrition in this group (Table  15.3 ). 
While we recognize that poor nutritional status may delay 
healing of decubiti and that pressure ulcers may be associ-
ated with undernutrition, one should not assume that PEG 
feeding will facilitate the healing of pressure ulcers. Studies 
in this regard may be small or not strati fi ed for several vari-
ables to draw conclusions; nevertheless, the data do not dem-
onstrate healing of pressure ulcers following PEG feeding. 
Such patients are also prone to have restraints  [  48  ] , urinary 
catheters, and fecal and bladder incontinence to complicate 
the picture. 

 PEGs may be erroneously considered as a means to 
prolong survival (short-term or long-term). The median 

   Table 15.3    Nutritional status and PEG  [  19,   22,   33–  35  ]    

 Long-term follow-up after PEG, nursing home setting, 1994  [  19  ]  
  46 nursing home residents, mean age 73.6 years 
  No changes in cholesterol or albumin in survivors 
  At 6 months, 30% had increase and 30% decline in albumin 
 Long-term outcome after PEG in community setting, 2000  [  22  ]  
  150 patients, mean age 78.9 
  Over 70% had no improvement in nutritional status 
  No improvement in weight, BMI, or cholesterol 
  13.4% of 72 survivors had 1 g improvement in albumin 
 Albumin as a parameter, prior to PEG  [  34  ]  
  56 patients, levels <2.8 g/dL indicated poor survival at 6 months 
 Prospective study, University hospital, Sweden, 2005–2009  [  35  ]  
  484 patients, age >65 years, BMI <18.5 
  58 (12%) died in 30 days post-PEG 
  Albumin <3 g/dL, C-reactive protein  ³ 10, associated with mortality 
   Patients with combination of low albumin and high CRP had 

mortality of    20% compared to 2.6% with normal values 

   Table 15.4    Short-term ( £ 3 months) and long-term ( ³ 1 year) mortality 
following PEG placement  [  6,   13,   22,   23,   34–  39  ]    

 PEG in hospitalized Medicare bene fi ciaries aged 65 years or over  [  6  ]  
  15.3% died in hospital 
  23.9%mortality at 30 days, 63.0% mortality at 1 year 
 PEG in a mixed population, retrospective cohort study 1990–1992  [  13  ]  
  7,369 patients, 23.5% died during the hospitalization 
  Median survival of the full cohort was 7.5 months 
 PEG in a community setting, 2000  [  22  ]  
  150 patients, mean age 78.9, 1-year mortality 50% 
 PEG in two tertiary care centers, 2003–2005  [  23  ]  
  168 patients, mean age 74 ± 16 years, year mortality 33.9% 
 PEG in nursing homes, focused ethnographic study  [  28  ]  
   NH with high tube feeding rate for dementia (41%), compared to 

NH with a low rate (10.7%) 
   High use NH had poor staffed mealtimes and staff attitudes to 

minimize aspiration; low use NH had a better home-like environ-
ment, better hand washing, and advance care planning 

 PEG in tertiary hospitals, 2001  [  35  ]  
  71 patients, mean age 66 years (±17.9 years), range 17–89 year 
  1-year mortality 39% 
 PEG in hospitalized patients with advanced dementia  [  36  ]  
   Admitting diagnosis of infection associated with higher mortality 

with lack of bene fi t from tube feeding 
  Six-month median mortality with or without feeding tube was 50% 
 PEG in nursing home residents with severe dementia  [  37  ]  
  1,386 residents, 65 years and older, no survival bene fi t with PEG 
 PEG in acutely ill hospitalized patients, 1995–1996  [  38  ]  
  39% mortality in NH patients, median survival of 24 months 
   72% mortality in acutely ill hospitalized patients, median survival 

4 months, discouraging use of PEG in the acutely ill 
 PEG in nursing home residents with advanced dementia, 2009  [  39  ]  
  64.1% mortality, 1-year post-PEG insertion 
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survival in a large cohort (7,369 patients) was shown to be 
7.5 months; in this study, the in-hospital mortality was 
18.9% for those <65, 24.7% for those 65–74, and 27.5% 
for those over 75 years  [  13  ] . Short-term mortality was 
72%, with median survival of 4 months in hospitalized 
patients with acute illness  [  38  ] . One-year postinsertion 
mortality was 64.1% with median survival of 56 days 
among NH residents  [  39  ] . Among Medicare bene fi ciaries, 
the 30-day mortality was 23.9%, while the 1-year mortal-
ity was 63% in these patients with PEG  [  6  ] . PEGs do not 
lower the mortality risk in dementia; the median survival 
for patients with dementia and PEG is similar to that in 
patients without PEG  [  21  ] . Comorbidity in fl uences sur-
vival following PEG placement; the typical patient who 
receives a PEG has advanced dementia, malnutrition, is 
bedbound, and has several systemic disorders. A study 
correlates poor survival post-PEG insertion if patients are 
male, of advanced age, have low serum albumin, chronic 
heart failure, or subtotal gastrectomy  [  9  ] . C-reactive pro-
tein was found to be predictive of short-term mortality, 
while Charlson’s index (a score that predicts 1-year mor-
tality for several comorbid conditions) was predictive of 
long-term mortality  [  23  ] . This information can be used to 
counsel families to help anticipate the prognosis  [  9,   19, 
  20,   23,   35,   36  ] . In a population with cancer in three-fourth 
of the 787 patients, average survival time was 720 days, 
with the 30, 60, and 90 day and 1,3 and 5-year mortality 
rates at 6.5%, 9,8%, 13%, 32.1%, 59.3%, and 69.8%, 
respectively, with predictive factors being higher age, 
lower BMI, and presence of diabetes mellitus  [  49  ] . Finally, 
when the inpatient mortality and length of hospital stay 
were compared in patients undergoing PEG and PEGJ, 
there were no detectable differences in a large study of 
187,597 discharges, where 96% underwent PEG placement 
and 4% had PEGJ tubes  [  50  ] .  

   Ethical Aspects and PEG 

 It is dif fi cult to comment on the impact of ethical aspects 
including quality of life and functional capacity, especially 
when the typical patient with PEG is incapable of good 
communication or make the needs known. An important 
activity of daily living in humans is the ability to feed, an 
ability that is often lost last. Oral feeding undoubtedly pro-
vides the most satisfaction. When the patient with terminal 
dementia is deemed to have lost the ability to feed even after 
extensive evaluation utilizing a multidisciplinary approach, 
PEGs in reality do not meaningfully improve life expec-
tancy or quality of life. Even sips of water, other liquids, or 

food may be more appropriate in this setting; on the other 
hand, patients with PEGs are at risk of being deprived of the 
pleasure of eating, while suffering the discomfort from the 
tube itself or frequent repositioning; while some require 
restraints. In most older adults who have the opportunity to 
make a decision (when they retain capacity) regarding tube 
feeding, the reaction is negative  [  51  ] . Ice chips and swabs 
can help a dry mouth; and although thirst sensation may be 
impaired in dementia, chronic hydration via a PEG tube is 
not the solution. 

 The American Medical Association in a policy statement 
made it clear that arti fi cial nutrition and hydration (ANH) are 
“life-prolonging treatment”; the view received support from 
the American Academy of Neurology and the American 
Nurses Association; a Presidential commission determined 
that ANH was not required or justi fi able in every case  [  14  ] . 
Physicians are not obligated to offer or to continue ANH 
unless bene fi ts are anticipated; in this regard, ANH is similar 
to other treatment decisions such as for ventilator support or 
dialysis  [  14  ]  and can be withheld when deemed appropriate 
(as commonly occurs in dialysis patients). This view has 
received support. But many believe that nutrition and hydra-
tion should be provided even after other measures fail, and 
that failure to provide hydration and nutrition is ethically and 
morally wrong. In such cases, a nasogastric tube may buy 
time for a few weeks. The decision may be infl uenced by 
cultural or religious beliefs and educational or  fi nancial back-
grounds. Some states have adopted policies on tube feeding. 

 If a decision cannot be made, an ethics committee consul-
tation may be requested. 

 Several tragic cases taught us lessons pertinent to ethi-
cal, legal, and medical issues and events that may compli-
cate management  [  15  ] . Karen Ann Quinlan (1975) had 
severe brain damage and extended respiratory failure with 
requests to withdraw ventilator support, with the court rul-
ing that arti fi cial life-sustaining intervention could be with-
drawn; Nancy Cruzon was on arti fi cial nutrition for years 
after a car accident, till 1990; Terri Schiavo’s case went 
through several rulings and appeals with her tube removed 
and placed back within days, with the court  fi nally ruling 
that ANH was comparable to other life-sustaining treat-
ments. The terms “brain dead” and “vegetative state” are 
used interchangeably and are confusing. While most ethi-
cists believe that one can refuse treatment, decisions to 
withdraw or withhold treatment are emotionally more 
dif fi cult to make. Prior to PEG placement, one should con-
sider in-depth discussions with the caregiver regarding the 
goals: would there be relief of suffering, improvement in 
health and life expectancy, and importantly, would PEG 
better the quality of life or would it add to the patient’s and 
caregiver burden  [  15  ] .  
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   Tube-Related Consequences 

 The caregiver should be made aware of the potential mechan-
ical complications associated with PEG (dealt with in 
chapter 13). Tube occlusion (commonly from medications), 
dislodgement,  fi stula formation, insertion site infections, 
diarrhea, electrolyte, and volume imbalance can all occur. 
It is essential to crush medications and provide them in solu-
tion followed by tube  fl ushes with water; long-acting or slow 
release preparations lose their bioavailability and cannot be 
administered via the tube. Sorbitol in liquid formulations 
may predispose to diarrhea. The caregiver should be educated 
about these possibilities.  

   Caregiver and Provider Discussions Regarding 
Outcomes 

 Opinions and concepts on the meaning of quality of life 
and suffering at the end of life vary considerably. Ethical 
aspects and emotions often interfere with and cloud appro-
priate decision making. The essential initial steps are to 
determine if the patient has capacity and if an advance 
directive (AD) has been executed; should an AD be avail-
able, it must be reviewed and may facilitate decision mak-
ing. A meticulous approach must be utilized to evaluate 
dysphagia, including every attempt at hand feeding. Is the 
feeding dif fi culty temporary? Caregiver discussions must 
include bene fi ts, risks, and alternatives to PEG, without 
providing undue expectations. A multidisciplinary team 
approach may include a primary physician (or geriatri-
cian), gastroenterologist, nurse, speech and swallow spe-
cialist, psycho-social worker, and others as indicated. 
A question would be: is the PEG placed to provide medical 
bene fi t for the patient or others, as perceived by the surro-
gate?  [  14  ] . Table  15.5  provides an approach that may be 
utilized for this discussion. The discussion may not be 
easy; some may view a decision to not offer PEG as a form 
of euthanasia. Time should be provided for caregiver deci-
sion; it is never an emergency. A systematic review of 13 
controlled trials over nearly 20 years suggested that high 
caloric supplements and oral feeds can help people with 
dementia with feeding problems to gain weight  [  52  ] . It is 
worth remembering that the older adult has few enjoyments 
left in life; perhaps the most important is enjoyment of 
food! One should not take away this pleasure without 
justi fi able reason!  

 In summary, it is important to prepare the family for 
expectations at the end of life; disappointment arises from 
unful fi lled expectations. The caregiver/family must be edu-
cated about: the lack of evidence to support the bene fi ts of 
PEG feeding to reduce aspiration risk, improve nutritional 

status, heal pressure ulcers, improve quality of life and 
survival, although it may be a convenient means to provide 
food, water, and medications. A requirement is the need for 
communication between geriatrician, gastroenterologist, 
nutritionist, nurse, and other disciplines that the patient 
will survive at least a few weeks and bene fi t from tube 
feeding; in the absence of bene fi t, there is no obligation to 
offer the intervention  [  14  ] . If a PEG is placed, periodic 
reevaluation regarding the necessity for PEG and its 
removal are required. Ultimately, it is a shared decision 
between patient’s values, caregiver, and a multidisciplinary 
team of gastroenterologist, primary physician, nurse, nutri-
tionist, and occupational therapist. 

 In the future, we do know whether acute care hospitals 
in fl uenced by incentives to keep the length of stay short will 
see changes in the rates of PEG placement. Evidence-based 
guidelines on tube feeding must be developed and provided 
to acute care hospitals, along with requirements to monitor 
quality measures and link the process to incentives  [  53  ] . 

   Table 15.5    Suggested discussions prior to PEG placement   

  Provider pertinent  
 Discussions must involve primary physician/geriatrician, gastroen-
terologist, nutritionist, nurse, and other disciplines as necessary 
  Evaluations must be individualized and multidisciplinary in approach 
  Health care proxy/caregiver/family member involvement is essential 
 Evaluate capacity of patient 
  In dementia, capacity is likely to be impaired to variable extent 
  Still, if the patient can decide, respect the patient’s decision 
 If patient has no capacity, is an advance directive in place? 
   If Yes, and a living will has been executed, is there any mention of 

arti fi cial nutrition and hydration? Abide by the wishes expressed 
  If Yes, and there is a health care proxy, contact the agent 
   If No, may contact family member (based on Family Health Care 

Decisions Act) or seek help though an ethics committee consultation 
   If patient has no advance directives or caregiver, may opt to contact 

the ethics committee ( State laws   and hospital   policies vary   and 
need   to be   followed ) 

  Health care   agent / caregiver pertinent  
 Discussions regarding mechanical problems 
  Immediate complications following PEG insertion 
  Long-term dif fi culties encountered, including occlusion, dislodgement 
 Discuss the impact of PEG on the following measures 
  Life expectancy 
  Risk of aspiration and pneumonia 
  Nutritional status and weight 
  Healing of wounds 
  Functional status 
  Cognition, level of consciousness 
  Quality of life 
  Caregiver burden 
 Address additional concerns, such as 
  Can patient continue to eat when the PEG is in place? 
  Is there a possibility that the tube can be removed or reinserted? 
  Any other concerns? 
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Most patients do not have the mental capacity to provide 
consent for the procedure  [  54  ] . It is hence prudent to inform 
the patient and caregiver about the disease at an early stage, 
discuss options for treatment and also implement advance 
directives, steps that can be helpful  [  55  ] . The algorithm 
shown in Fig.  15.1  is a helpful guide when PEGs are a con-
sideration in advanced dementia.  

  Key Points 

    Nothing is more satisfying than the pleasure of eating • 
normally!  
  PEGs provide questionable bene fi ts for long-term nutri-• 
tional status, reduction of aspiration risk, increase in life 
expectancy, and improvement in quality of life.  

  PEGs must not be placed hastily prior to complete evalu-• 
ation by a multidisciplinary team for modi fi able or revers-
ible factors and alternatives.  
  Effort must be taken to involve the caregiver in meaning-• 
ful discussions regarding bene fi ts, risks, and alternatives 
to PEG, without providing undue expectations.  
  In the absence of anticipated bene fi t and survival for • 
beyond several weeks, providers are under no obligation 
to offer the intervention.  
  Ethical considerations are common prior to PEG place-• 
ment; an ethics committee consultation may be required 
in dif fi cult cases.  
  Efforts to restore oral feeding must continue; elective removal • 
of the feeding tube must be attempted when feasible.          

  Fig. 15.1    PEG in dementia: an algorithmic approach*  [  14  ]        
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    Water, potassium, sodium, and chloride play essential roles 
in human physiology and health. Adequate intake of water 
helps maintain circulating volume and prevent impairments 
in cognition and exercise capacity due to dehydration  [  1 , p. 74, 
 2,   3  ] . Potassium is needed to maintain electrochemical gra-
dients across cellular membranes; adequate intake from 
dietary sources can reduce blood pressure, bone demineral-
ization, and formation of kidney stones  [  1 , p. 188,  4–  6  ] . 
Sodium and chloride also impact membrane potential as 
principal extracellular ions. When taken in excess, sodium 
increases blood pressure and cardiovascular risk in salt-sen-
sitive populations such as older persons and African 
Americans  [  7  ] . 

 Dietary reference intakes (DRIs) are a set of reference 
values created by the Food and Nutrition Board of the 
Institute of Medicine to guide nutrition education and policy 
in both the United States and Canada. Terms pertinent to 
understanding guidelines on water and electrolyte nutrition 
include the recommended dietary allowance (RDA), ade-
quate intake (AI), and tolerable upper limit (TUL)  [  8 , p. 8]. 
Each nutrient has a physiologic role, homeostatic balance, 
and relationship to disease when ingested in inappropriate 
amounts.  

   Introduction to the Dietary Reference Intakes 

 For over 50 years, the US RDAs and Canadian recommended 
nutritional intakes (RNIs) have been chief components of 
nutrition policy in their respective countries. They are used 
to assess dietary adequacy of individuals and populations, 
provide nutrition education, and guide institutional planning, 
food labeling, and food forti fi cation  [  8 , p. 1, 9]. Both RDAs 

and RNIs have been revised multiple times over the years 
re fl ecting changes in nutrition science and knowledge. 

 The DRIs are the successor to the RDAs and RNIs. With 
the support of the US and Canadian governments, these new 
reference values were created in 1994 by the Food and 
Nutrition Board of the National Academies’ Institute of 
Medicine. In addition to denoting states of nutritional 
de fi ciency as did the RDAs and RNIs, the DRIs were also 
intended to identify nutrient overconsumption, reduce 
chronic degenerative diseases, and improve overall health 
 [  8 , p. 6, 7]. The DRIs are for apparently healthy people and 
are not applicable to those with acute or chronic disease, 
nutritionally deprived states, or conditions characterized by 
increased nutritional requirements  [  8 , p. 13]. When used for 
individual nutritional assessment, nutritional intake data 
should be combined with historical, clinical, and biochemi-
cal information as needed to provide a valid assessment of 
nutritional status. 

 Reference values included in the DRIs include the RDA, 
estimated average requirement (EAR), adequate intake (AI), 
and tolerable upper intake level (UL)  [  8 , pp. 9–12]. The RDA 
is the average daily dietary nutrient intake level suf fi cient to 
meet the nutrient requirements of nearly all (97–98%) healthy 
individuals in a particular life stage and gender group. In 
order to calculate the RDA, the EAR must be known. The 
EAR is the average daily nutrient intake level estimated to 
meet the requirements of half of the healthy individuals in a 
particular life stage and group. Calculation of an EAR 
requires suf fi cient dose–response data that sensitively relates 
nutrient intake to one or more clinical or functional end-
points. None of the nutrients described in this chapter had 
suf fi cient experimental data to generate an EAR or RDA. 
Therefore, Adequate Intakes were calculated. 

 Adequate intake (AI) has been de fi ned as the recom-
mended average daily intake level based on observed or 
experimentally determined estimates of nutrient intake by a 
group of apparently healthy people. This nutrient intake is 
assumed to be adequate. Like the RDA, the AI is expected to 
meet or exceed the needs of most healthy individuals in a 
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speci fi c life stage and group. However, it is based on less 
data and more judgment than is used in establishing an EAR 
and RDA  [  8 , p. 11]. 

 The concept of tolerable upper intake level (UL) is also 
used to generate nutritional recommendations for water and 
electrolytes. The UL is the highest average daily nutrient 
intake level that is likely to pose no risk of adverse health 
effects to almost all individuals in the general population. As 
intake increases above the UL, potential for adverse effects 
may increase  [  1 , p. 3]. The need for the UL concept stems 
from the increased forti fi cation of foods, use of dietary sup-
plements, and increased recognition of the health conse-
quences of excess  [  1 , p. 28]. Its ascertainment includes 
collection, organization, and evaluation of all information 
pertaining to the adverse effects of a given nutrient. The UL 
is ultimately chosen based on the consideration of both sen-
sitive and serious endpoints  [  1 , pp. 54–55]. The UL is not 
intended to be a recommended level of intake, as there is no 
clear bene fi t to nutrient consumption in amounts greater than 
the RDA or AI. 

 Data sources used to generate the DRIs include both 
observational and experimental studies, including the Third 
National Health and Nutrition Examination Survey 
(NHANES III) conducted by the US Department of Health 
and Human Services between 1988 and 1994 and the 
Continuing Survey of Food Intakes by Individuals (CSFII) 
conducted by the US Department of Agriculture between 
1994 and 1996  [  1 , pp. 47–48]. Both studies used at least 
one 24-h diet recall and the food composition database 
developed by the USDA to calculate nutrient intakes. In 
addition, experimental data used to generate DRIs for water 
and electrolytes include basic research in animal models, 
controlled feeding studies in humans, and randomized 
clinical trials.  

   Water in Nutrition 

 Water comprises approximately 50% of body weight in older 
persons. In contrast, water comprises approximately 50% of 
body weight in young adults. Water serves multiple physio-
logic roles; it is a solvent for biochemical reactions, medium of 
transport for both nutrients and waste, and regulator of cell 
metabolism and gene expression via cellular hydration  [  9  ] . 
Approximately two-thirds of total body water is intracellular 
with the majority of the remainder in the extracellular intersti-
tium. Water exchanges freely between intracellular and extra-
cellular spaces due to osmotic gradients across cell membranes 
that are freely permeable to water. In contrast, water exchange 
between interstitial and intravascular spaces largely occurs via 
capillaries. 

 Total body water normally exists in a homeostatic balance. 
It is gained from consumption of liquids and solids as well as 
via metabolic water production. It is lost via respiratory, urinary, 

fecal, and insensible routes. Table  16.1  provides an estimate of 
minimum daily water losses and production  [  10–  13  ] .  

 Environment, activity level, and diet can impact water 
balance. For example, climates that are warm or have reduced 
water vapor pressure can increase insensible and respiratory 
losses, respectively  [  14,   15  ] . Similarly, increased activity 
level increases not only insensible (sweat) losses, but also 
respiratory losses from increased minute ventilation  [  10  ] . 
Finally, increased energy intake and expenditure will result 
in additional metabolic water production from oxidation of 
hydrogen-containing substrates  [  16  ] . 

 Acute reductions in total body water can upset this homeo-
static balance and impair both cognition and physical activ-
ity. Cognitive impairment affects multiple domains including 
attention, short term memory, and performance on mathe-
matics problems or other complex tasks  [  2,   17  ] . It can impair 
activities such as the shooting accuracy of expert target 
shooters  [  18  ] . In these cases, even a 2–3% reduction in total 
body water causes demonstrable impairment, including 
reductions in maximum aerobic power and physical work 
capacity  [  19,   20  ]  Higher levels of dehydration impair physi-
cal endurance and can lower cardiac output when combined 
with heat stress  [  21,   22  ] . 

 The current intake of total water (drinking water, bever-
ages, food) in older persons has been reported in NHANES 
III (see Table  16.2 )  [  23  ] . Together, drinking water and bever-
ages provide 73–80% of total water consumed, with the 
remainder derived from foods  [  23  ] .  

 Table  16.2  also demonstrates that serum osmolality is vir-
tually identical for markedly different deciles of water intake 
in each age group. Osmolality is closely controlled by 
homeostatic mechanisms and is the primary signal used to 
regulate water balance via hypothalamic/posterior pituitary 
secretion of arginine vasopressin (ADH). ADH is a potent 
stimulus for both thirst and renal water conservation. In 
healthy individuals, serum osmolality rarely varies by more 
than ±2% and is controlled at a set point of 280–290 mOs-
mol/kg  [  24,   25  ] . Experimental studies have demonstrated 
that elevated serum osmolality is an accurate marker for 

   Table 16.1    Estimation of minimum daily water losses and production  [  1  ]    

 Reference  Source  Loss (mL/d)  Production (mL/d) 

 Hoyt and 
Honing  [  10  ]  

 Respiratory 
loss 

 −250 to −350 

 Adolph  [  11  ]   Urinary loss  −500 to −1000 
 Newburgh et al 
 [  12  ]  

 Fecal loss  −100 to −200 

 Kuno  [  13  ]   Insensible loss  −450 to −1900 
 Hoyt and 
Honing  [  10  ]  

 Metabolic 
production 

 +250 to +350 

 Total  −1300 to −3450  +250 to +350 
 Net loss  −1050 to −3100 

  Table reproduced with permission from the National Academies Press  



14716 Water, Potassium, Sodium, and Chloride in Nutrition

dehydration  [  1 , p. 94,  26  ]  Therefore, persons in the lowest 
and highest deciles of water intake in each age group were 
not systematically dehydrated or hyperhydrated. 

 NHANES III data does however indicate that persons 
greater than age 70 have slightly higher serum osmolality 
concentrations than young adults (see Table  16.2 ). This 
 fi nding is not surprising as older persons have impaired renal 
concentrating (and diluting) abilities and impaired thirst sen-
sation. Maximum urine osmolality, when measured follow-
ing a short period of dehydration, is inversely related to age 
 [  27  ] . This decline in concentrating ability does not parallel 
age-related decline in glomerular  fi ltration rate  [  28  ] . With 
regard to thirst, numerous studies con fi rm an impaired thirst 
response to experimentally induced hypernatremia in older 
persons. For example, the osmotic threshold for thirst during 
hypertonic saline infusion has been found to be much higher 
in healthy elderly subjects than in their younger counterparts; 
many healthy elders did not report thirst until serum osmola-
lity exceeded 300 mOsmol/kg  [  29  ] . Similarly, in studies of 
water ingestion after hypertonic saline administration, older 
persons took in less water and had a marked reduction in the 
rate of return to baseline plasma osmolality  [  30  ] . 

 Given the ability of older persons to maintain serum 
osmolality at multiple deciles of total water intake and their 
tendency to    undercorrect total body water de fi cits in settings 
of water loss, the adequate intake (AI) for total water is 
derived from the median total water intake of young adults 
aged 19–30 years old rather than older age groups. This 
amount is 3.7 L/day for men and 2.7 L/day for women older 
than age 65. This amount includes total beverages of approx-
imately 3 L/day (13 cups) for older men and 2.2 L/day (9 
cups) for older women  [  1 , p. 144]. The AI should compen-
sate for net water losses described in Table  16.1  and maintain 
serum osmolality in the setting of impaired water conserving 
and thirst mechanisms associated with aging. This AI is not 
a requirement. It is a quantity of total water that should meet 
the nutritional needs of almost all healthy older persons 

performing moderate physical activity in a temperate 
climate. Needs may vary markedly based on type of physical 
activity, climate, and dietary intake. 

 There is no tolerable upper intake level (UL) for water  [  1 , 
pp. 164–165]. Although adverse effects of water overcon-
sumption have been reported, these have tended to occur in 
settings of psychiatric disease (primary polydipsia) or forced 
water intake scenarios where rapid intake exceeded the max-
imal renal excretion rate of 0.7–1.0 L/h  [  31,   32  ]  In the 
absence of acute large volume hyperhydration, there are no 
data demonstrating that habitual consumption of large water 
intakes results in identi fi able hazards in apparently healthy 
persons. There is signi fi cant ability to self-regulate water 
consumption, urine output, and urine concentration. 
Hyponatremia is generally dif fi cult to achieve  [  33  ] .  

   Potassium in Nutrition 

 Potassium has multiple physiologic effects. As an intracel-
lular cation, potassium in fl uences electrochemical gradients 
across cells with resultant impacts on vascular tone, neural 
transmission, and muscle contraction. Dietary potassium, in 
particular, has a profound effect on acid–base balance via its 
conjugate anion including citrate and other bicarbonate gen-
erating precursors that help neutralize diet-derived acids  [  34, 
  35  ] . Our kidneys often cannot completely excrete acid loads 
from Western diets high in protein and acid-producing cere-
als and grains. As a result, basic salts of bone including car-
bonates and hydroxyapatite are mobilized to counteract the 
resultant low-grade metabolic acidosis  [  36  ] . Bone matrix is 
thus reduced. Dietary potassium can help reduce this bone 
demineralization  [  37  ] . 

 Potassium balance largely involves dietary intake, cellular 
shifts, and renal losses. Eighty- fi ve percent of ingested dietary 
potassium is absorbed  [  38  ] . Foods highest in potassium on a 
calorie basis include leafy greens (1,500 mg/100 kcal) such as 

   Table 16.2    Selected deciles of daily total water intake and associated mean serum osmolality in men and women, NHANES III, 1988–1994  [  1,   23  ]    

 Age (years) 

 Decile of total water 
 Men  Women 

 Total water  Mean serum  Total water  Mean serum 

 Intake 
 Intake, L/day 
(mean) 

 Osmolality 
(mOsmol/kg) 

 Intake, L/day 
(mean) 

 Osmolality 
(mOsmol/kg) 

 19–50  1st 
 5th 
 10th 

 1.69 
 3.31 
 7.93 

 279 
 280 
 280 

 1.25 
 2.61 
 6.16 

 277 
 277 
 277 

 51–70  1st 
 5th 
 10th 

 1.64 
 3.17 
 7.20 

 280 
 283 
 281 

 1.32 
 2.68 
 5.81 

 281 
 281 
 279 

 71+  1st 
 5th 
 10th 

 1.44 
 2.71 
 5.45 

 283 
 283 
 281 

 1.19 
 2.38 
 4.85 

 282 
 283 
 282 
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spinach and kale; fruit of vine-based plants (1,200 mg/100 kcal) 
such as tomatoes, cucumbers, and eggplant; root vegetables 
(975 mg/100 kcal) including carrots, radishes, and onions; 
beans and peas (500 mg/100 kcal); tree fruits (430 mg/100 kcal) 
like apples, oranges, and bananas; and tubers (400 mg/100 kcal) 
 [  1 , p. 244]. Although dairy products, meat, and cereals do 
contain potassium, they are low in bicarbonate precursors 
and are thus net acid producers  [  39  ] . 

 The preponderance of dietary potassium is excreted by 
the kidney, with estimates ranging from 77 to 90%  [  38  ] . 
Fecal and skin losses are normally relatively minor routes of 
elimination until a decline in renal function occurs  [  40  ] . 
Given that the majority of  fi ltered potassium is reabsorbed in 
the proximal renal tubule, the majority of urinary potassium 
losses arise from distal secretion into the cortical collecting 
duct  [  1 , p. 189]. Importantly, the human premodern diet was 
rich in uncultivated plant food and vegetables rich in potas-
sium. The human kidney evolved to excrete large potassium 
and bicarbonate loads and is conversely relatively inef fi cient 
at conserving potassium and bicarbonate in the setting of 
diminished intake, such as the Western diet  [  35,   41  ] . 

 This dif fi culty conserving potassium is unfortunate given 
its salutary effects on blood pressure, as higher levels of daily 
potassium intake as measured by urinary potassium excre-
tion are associated with reduced systolic and diastolic blood 
pressures  [  42,   43  ] . Meta-analysis of intervention studies per-
formed on both hypertensive and nonhypertensive individu-
als shows similar results  [  4  ] . The impact of potassium appears 
strongest in older persons and African Americans with salt 
sensitivity, a phenomenon of direct blood pressure variation 
in relation to sodium intake  [  44,   45  ] . Salt sensitivity increases 
cardiovascular risk, even in those without hypertension  [  46  ] . 
A daily potassium intake of 4.7 g/day abolished severe salt 
sensitivity in a cohort of African Americans without hyper-
tension  [  44  ] . White subjects in the same trial achieved simi-
lar results at a potassium intake of 2.7 g/day compared to a 
control group ingesting 1.2 g/day. 

 Dietary potassium may help reduce bone demineraliza-
tion and kidney stone formation; a negative association exists 
with markers of bone turnover such as urinary pyridinoline 
and deoxypyridinoline and a positive association with bone 
mineral density  [  47,   48  ] . Bone turnover again increases once 
supplemental potassium is discontinued  [  5,   34  ] . Similarly, 
potassium intake is associated with a reduced incidence of 
nephrolithiasis  [  6,   49  ] . This relationship has biological plau-
sibility given that supplementation with potassium citrate or 
potassium bicarbonate can reduce hypercalciuria and increase 
urinary excretion of citrate  [  50,   51  ] . Both reduce formation 
of calcium-containing kidney stones. 

 The adequate intake (AI) of potassium has been set at 
4.7 g/day, a dose suf fi cient to reduce salt sensitivity in popula-
tions at high risk for cardiovascular disease as well as kidney 
stone formation  [  6,   44,   49  ] . This recommended daily intake is 

signi fi cantly less than the US median for persons aged 51–70 
and 71+ years old (Table  16.3 )  [  23  ] . Across all US age groups, 
less than 10% of men and 1% of women consume potassium 
in amounts greater than or equal to the AI  [  1 , p. 245]. Canadian 
intake of potassium is slightly more  [  52  ] . It is worth reiterat-
ing that the bene fi cial effects of potassium are maximized 
when it is naturally occurring and associated with bicarbonate 
precursors. Vegetables and fruits are excellent sources. In set-
tings of increased potassium loss such as with chronic diuretic 
use, the AI may be greater than 4.7 g/day. Importantly, the AI 
does not apply to older adults with medical conditions or on 
medications that impair potassium excretion (Table  16.4 ); 
serious cardiovascular toxicity may occur  [  1 , p. 237].   

 A tolerable upper intake limit (UL) has not been set for 
older adults without impairments in urinary potassium 
excretion. There is no evidence that a high level of dietary 
potassium has adverse effects in this group. The maximal 

   Table 16.3    Selected percentiles for usual daily intake of potassium (mg) 
in older persons in the United States, NHANES III, 1988–1994  [  1,   23  ]    

 Percentile 

 Sex/age (years)  1st  25th  50th  75th  95th  99th 
 M, 51–70  1,252  2,547  3,190  3,938  5,323  6,543 
 M, 71+  1,258  2,321  2,836  3,423  4,459  5,337 
 F, 51–70  1,120  2,000  2,435  2,932  3,803  4,549 
 F, 71+  954  1,873  2,343  2,873  3,738  4,420 

   Table 16.4    Selected clinical conditions that predispose to hyper-
kalemia  [  1  ]    

  Impaired renal excretion of potassium  
   Acute kidney injury—acute reduction in glomerular  fi ltration rate 

(GFR) 
  Chronic kidney disease in advanced stages 
  Diabetic nephropathy—hyporeninemic hypoaldosteronism 
   Use of ACE inhibitors or angiotensin receptor blockers—reversible 

reduction in GFR 
   Use of NSAIDs—reduction in GFR with afferent arteriolar 

constriction 
   Use of aldosterone receptor antagonists—block tubular response to 

aldosterone 
   Use of amiloride or triamterene—inhibitors of distal renal tubular 

Na + -K +  exchange 
  Impaired cellular accumulation of potassium  
  Type 1 diabetes mellitus—hypoinsulinemia 
  Beta adrenergic blockers 
  Alpha adrenergic agonists 
  Metabolic acidosis 
  Excessive cellular release of potassium  
  Rhabdomyolysis 
  Tumor lysis syndrome 
  Excessive intake of non-bicarbonate containing potassium, usually 
in presence of factors listed in 1 or 2 above  
  Potassium supplements 
  Salt substitutes that contain potassium 
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excretion rate of potassium by normal kidneys after adap-
tation to high levels of intake has been estimated to be 
31.3 g/day for adults, a level very dif fi cult to achieve from 
food alone  [  53  ] . In contrast, non-dietary supplemental 
potassium can lead to toxicity even in healthy individuals, 
and chronic excessive consumption of any type of potas-
sium including potassium-containing salt substitutes may 
cause hyperkalemia in those with impaired potassium bal-
ance (Table  16.4 )  [  1 , p. 249].  

   Sodium and Chloride in Nutrition 

 Both sodium and chloride are important components of 
extracellular  fl uid. Sodium is the principal extracellular 
cation and impacts osmotic function, membrane potential, 
circulating volume, and vascular tone. Chloride, in contrast, 
is a major extracellular anion and is a component of gastric 
juice. Multiple systems and hormones in fl uence sodium and 
chloride balance including the renin–angiotensin–aldoster-
one system, sympathetic nervous system, kallikrein–kinin 
system, atrial natriuretic peptide, and various intrarenal 
mechanisms  [  1 , pp. 273–274]. Unlike with potassium, normal 
renal function is associated with a remarkable ability to 
conserve sodium in the presence of salt depletion or the 
absence of sodium intake. 

 Sodium is a ubiquitous part of the Western diet. It is 
ingested most frequently as sodium chloride, though it is 
consumed in a variety of other processed forms including 
monosodium glutamate, sodium phosphate, sodium carbon-
ate, and sodium benzoate  [  1 , p. 274]. Almost all sodium is 
absorbed in the small intestine and is accompanied by chlo-
ride 90% of the time  [  54  ] . Importantly, only about 12% of 
sodium chloride is naturally occurring in foods. Seventy-
seven percent of total salt is added during processing, 5% is 
added while cooking, and 6% is added when eating  [  54  ] . 

 Obligatory losses of sodium and chloride are small. In the 
absence of substantial sweating, only 0.18 g or 8 mmol of 
sodium is lost per day (Table  16.5 )  [  55  ] . Chloride losses usu-
ally accompany sodium losses, though excess chloride deple-
tion can be seen in vomiting. True chloride de fi ciency is 
rarely seen unless special medical products low in chloride 
constitute almost all caloric intake  [  56  ] . Studies of several 
isolated populations with very low salt ingestion  fi nd no evi-

dence of hyponatremia or impaired physical activity despite 
urinary excretion of less than 0.1 g of sodium per day  [  57  ] .  

 In contrast, excess sodium chloride has been shown to 
increase blood pressure and cardiovascular risk in the prepon-
derance of studies. Both cross-sectional and within-popula-
tion studies have demonstrated direct correlation between 
increased sodium intake, increased urinary sodium excretion, 
and both systolic and diastolic blood pressure  [  42,   58  ] . These 
trends amplify with age and have been con fi rmed by interven-
tional studies such as the Dietary Approaches to Stop 
Hypertension-Sodium (DASH-Sodium) trial that tested the 
effects on blood pressure of three levels of sodium intake (1.2, 
2.3, 3.5 g/day) as part of a 2,100 kcal diet  [  59  ] . The DASH 
diet is rich in fruits, vegetables, and low fat dairy products and 
reduced in total and saturated fat. Subjects were randomly 
assigned to DASH and control diets as well as 1 of 3 levels of 
sodium intake. The highest level of sodium mirrored typical 
US consumption. The difference in systolic blood pressure 
between higher sodium (3.5 g/day) and intermediate sodium 
(2.3 g/day) diets was 2.1 mmHg, while further lowering of 
sodium consumption to 1.2 g/day led to an additional systolic 
blood pressure reduction of 4.6 mmHg. Greater blood pres-
sure reduction was noted among subjects with hypertension, 
African Americans, and those over 45 years of age. Similar 
results have been demonstrated in subjects with mildly ele-
vated diastolic blood pressure (83–89 mmHg) and obesity 
 [  60–  62  ] . Although a recent study demonstrated possible car-
diovascular harm associated with low sodium intake, its 
results have been questioned by multiple respected authori-
ties and should not be used to guide practice  [  63–  66  ] . 

 Given the minimal obligate needs for sodium and eleva-
tion in blood pressure with increased consumption, the daily 
adequate intake (AI) for sodium is 1.5 g/2,100 kcal  [  1 , 
p. 308,  67,   68  ] . The corresponding daily AI for chloride is 
2.3 g/2,100 kcal. This level of intake can provide adequate 
levels of other nutrients as in the DASH diet and allow for 
excess sodium loss in sweat by those moderately physically 
active or unacclimatized to high temperatures. This AI does 
not apply to highly active individuals such as competitive 
athletes and workers exposed to substantial heat stress. 
Importantly, as older persons are more likely to be salt sensi-
tive and consume far less than 2,100 kcal/day, the AI for 
sodium is 1.3 g/day in persons aged 51–70 years and 1.2 g/day 
in persons older than 71 (Table  16.6 ).  

 The average level of sodium and chloride intake among 
older persons in the United States is signi fi cantly higher than 
the AI. Based on self-reported data from NHANES III, the 
estimated mean intake of sodium among older men and 
women over the age of 70 is approximately 3.2 and 2.4 g/d, 
respectively  [  23  ] . These values are likely underestimates of 
true sodium consumption as they do not include salt added at 
the table. Indeed, measurement of 24-h urinary sodium 
excretion points to slightly higher levels of intake  [  1  ] , p. 320. 

   Table 16.5    Estimation of daily obligatory sodium losses  [  1,   55  ]    

 Source  g/day  mmol/day 

 Urine  0.005–0.035  0.2–1.5 
 Skin (nonsweating)  0.025  1.1 
 Feces  0.010–0.125  0.4–5.4 
 Total  0.040–0.185  1.7–8.0 

  Permission to reproduce table received from the  New England Journal 
of Medicine   



150 K. Dharmarajan and K.L. Minaker

 Unlike for water and potassium, sodium has a tolerable 
upper intake limit (UL) of 2.3 g/day with a corresponding 
chloride UL of 3.6 g/day. Three trials have shown that when 
sodium is provided at a level close to its daily AI of 
1.5 g/2,100 kcal, blood pressure still rises when sodium 
intake is raised to 2.3 g/day  [  59,   69,   70  ] . Given that there is 
no apparent threshold below which there is no increased risk 
of cardiovascular disease across the broad range of blood 
pressures typically observed in the United States, the addi-
tional increase in blood pressure at a sodium intake of 2.3 g/
day is likely harmful. Indeed, recent work has documented 
increased cardiovascular risk even in persons deemed “pre-
hypertensive” with a systolic blood pressure of 120–
139 mmHg or diastolic blood pressure of 80–89 mmHg  [  71  ] . 
Ideally, increased salt sensitivity and higher absolute risk of 
cardiovascular mortality in older persons should lower the 
tolerable upper intake limit for sodium to a value less than 
2.3 g/day. However, data are currently insuf fi cient to pre-
cisely de fi ne this level in the elderly. 

  Key Points 

    DRIs can help older persons avoid consequences of nutri-• 
ent de fi ciency and where applicable, chronic toxicities 
due to overconsumption. DRIs for water and electrolytes 
are summarized in Table  16.7 .   
  DRIs for older persons have been made in the context of • 
speci fi c age-related physiologic and epidemiologic con-
siderations that are summarized in Table  16.8   [  28–  30,   44, 
  45,   53,   59,   72  ] .   
  DRIs apply to healthy elderly and do not provide adequate • 
nutritional guidance for those who are already malnour-
ished or have speci fi c disease states.  
  In the United States, less than 10% of men and 1% of • 
women consume the adequate intake of potassium, and 
greater than 95% of men and 75% of women consume 
sodium in excess of the tolerable upper intake limit  [  23  ] .  
  Even small favorable changes in nutrient intake can result • 
in signi fi cant bene fi ts, as blood pressure seems more 
highly correlated with the ratio of sodium:potassium 
intake than with consumption of either nutrient alone  [  42,   73  ] . 
A reduction in systolic blood pressure by 3 mmHg or 
diastolic blood pressure by 2 mmHg could reduce cardio-
vascular mortality by greater than 10%  [  74–  76  ] .          
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         Introduction 

 This chapter highlights several considerations in the use of 
intravenous (IV)  fl uids in the geriatric patient, speci fi cally 
sodium and water. It emphasizes the fact that these are not 
only the key elements of routine intravenous  fl uid orders, but 
also body nutrients, required in limits to avoid the adverse 
consequences of either excess or de fi cit. 

 The goals of intravenous  fl uid administration are to care-
fully achieve and maintain a euvolemic and isotonic environ-
ment within the body as well as to provide for a variety of 
nutritional and pharmacologic interventions. The selection 
of an appropriate IV solution is dependent upon the  fl uid vol-
ume and electrolyte status of the geriatric patient as well as 
any additional speci fi c therapeutic goal. A relevant factor is 
the ability of the individual to sustain  fl uid volume changes 
resulting from intravenous salt and water therapy. Avoiding 
extracellular volume excesses in the elderly is a speci fi c 
example, given the decreases in cardiac and renal function, as 
well as the greater limitations in interstitial storage volume 
related to aging. Basic water and sodium needs must relate to 
choice of IV  fl uids as a function of the volume status of the 
“typical” hospitalized patient as also their serum sodium    con-
centration. For discussion of clinical conditions related to 
sodium aberrations, the reader is referred to additional perti-
nent literature  [  1–  3  ]  (Table  17.1 ). It is a point of emphasis that 
sodium and water are nutrients; there are upper and lower 
limits to the amounts required in order to maintain ideal phys-
iologic homeostasis  [  4,   5  ] .   

   Water 

 For the purpose of considering the  fl uid and electrolyte status 
of a patient at any one time, it is useful to imagine the body 
as a cylinder containing four compartments (Fig.  17.1 ). 
Water-free mass (“ fl esh”) represents, on average, one-third 
of the body volume. The remaining two-thirds in a normal 
weight individual represent water volume. In turn, approxi-
mately two-thirds of the total body water (TBW) is contained 
in the intracellular space, with the remaining third in the 
extracellular compartment. This latter space is further subdi-
vided into the interstitial and the vascular spaces. In a normal 
individual, the interstitial space contains about two-thirds of 
the extracellular volume. The vascular space, the smallest of 
the body’s  fl uid compartments, represents approximately 
one-third of the extracellular volume and about one-ninth of 
the body’s water space overall.  

 Maintenance of the euvolemic state requires replacement 
of normal daily volume losses. These include primarily 
insensible and renal losses, the former including solute-free 
pulmonary (“free water”) and solute-containing dermal water 
loss. Typically, dermal losses are very low in solute content 
barring exceptions such as in patients with mucoviscidosis. 
Because the kidney’s water concentrating ability spans a 
large range and continually adapts to variations in water 
intake availability (e.g., urine-speci fi c gravity can vary 
between 1.001 and 1.040, or between 30 and 1,200 mOsm/L), 
estimation of  approximate  water requirements using the “2/3 
rule” is normally suf fi cient in the clinical setting (Fig.  17.1 ). 
Because there is an upper limit to renal solute concentrating 
ability, as well as a mandatory loss of insensible free water in 
expired air, most individuals require a minimum of 1.5–2 L 
of water replacement per day as follows:
    1.    Renal excretion: minimum 1 L daily. 

 In a 24-h period, the human body under normal condi-
tions produces about 1,000–1,500 mOsm of ionic and 
molecular waste for renal excretion. The upper limits of 
renal concentration ability are reached at about 1,200–
1,500 mOsm/L. Under conditions of illness and therapeutic 
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intervention,  fl uid requirements increase for solute excre-
tion, e.g., increased waste excretion due to enhanced 
catabolism, pharmacologic degradation products, and 
increased acidotic excretion.  

    2.    Minimal insensible loss is approximately 0.5–1 L daily. 

 Whereas renal  fl uid losses are a mix of water and solute 
waste, pulmonary water loss is solute-free water vapor. 
This is termed “insensible” loss because of the fact that it 
is not normally observed (except when breathing in a cold 
atmosphere) nor directly measured. Factors that increase 
insensible water loss include fever, increased ventilatory 
rate, tracheostomy, mechanical ventilation, as well as 
enhanced sweating (Table  17.2 ). Insensible loss normally 

   Table 17.1    Examples of sodium and water abnormalities   

 Hyponatremia with hypovolemia (decreased total body water (TBW) 
and Na; relatively greater decrease in Na) 
  Extrarenal losses 
  GI: vomiting, diarrhea,  fi stulas, ostomies 
  Third-space losses: pancreatitis, peritonitis, small-bowel 

obstruction, rhabdomyolysis, burns, postoperative period 
  Renal losses 
  Diuretics 
  Osmotic diuresis (glucose, urea, mannitol) 
  Mineralocorticoid de fi ciency 
  Salt-losing nephropathies 
 Hyponatremia with euvolemia (normal TBW; near-normal total 
body Na) 
  Hypothyroidism 
  Glucocorticoid de fi ciency 
  States that increase release of ADH (postoperative, narcotics, pain, 

emotional stress) 
  Syndrome of inappropriate ADH secretion 
  Medications: though ADH release, altered renal response or other 

pathophysiologic mechanisms (an important cause in the geriatric 
age group) 

  Primary polydipsia 
 Hyponatremia with hypervolemia (increased total body Na; 
relatively greater increase in TBW) 
  Extrarenal disorders 
  Congestive heart failure 
  Hepatic cirrhosis 
  Renal disorders 
  Nephrotic syndrome 
  Acute renal failure 
  Chronic renal failure 
  Syndrome of inappropriate ADH secretion 
 Hypernatremia with hypovolemia (decreased TBW and Na; relatively 
greater decrease in TBW) 
  Extrarenal losses 
  GI: vomiting, diarrhea 
  Skin: burns, excessive sweating 
  Renal losses 
  Diuretics medications 
  Osmotic diuresis (glucose, urea, mannitol) 
  Diabetes insipidus 
 Hypernatremia with euvolemia (relatively decreased TBW; increased 
total body Na) 
  Inability to access free water including restricted mobility 
  Patients on tube feeding 
  NPO on isotonic IV  fl uids only 
 Hypernatremia with hypervolemia (increased TBW, greater increase 
in Na) 
  Hypertonic IV  fl uid administration without free water 
  Total parenteral nutrition with inadequate free water 
  Mineralocorticoid excess 

  Fig. 17.1    The distribution of body water within a euvolemic 70-kg 
(154 lb) person (remember that 1 kg of water weight equals 1 L volume) 
(used with permission from the University of Virginia Health System 
Nutrition Support Traineeship Syllabus  [  9  ] )       

   Table 17.2    Potential sources of  fl uid excess or loss in hospitalized 
patients   

 Intake  Output 

 Intravenous  fl uids  Stool/urine 
 Medications given via IV drip  Chest tubes 
 Water  fl ushes given with crushed 
medications 

 Percutaneous drains 

 Water  fl ushes to keep tubes patent   Biliary/pancreatic 
 Water contained in tube feedings 
or TPN 

 Wound drainage 
 Ostomies 
 Naso/oro gastric tube suction 
 Excessive drooling/sialorrhea 
 Fistulas 
  Enterocutaneous 
  Spit  fi stulas 
 Insensible losses 
  Accelerated  insensible losses 
including 
  Burns 
  Tracheostomies 
  Fever 
  Kinair beds 

  Used with permission from the University of Virginia Health System 
Nutrition Support Traineeship Syllabus  [  9  ]   
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averages about 10 mL/kg body weight; in reality it is 
higher, around 15 mL/kg body weight minus that pro-
duced from endogenous metabolism.   

    3.    Miscellaneous  fl uid losses: minor amounts of water are 
lost through stools, usually less than 150 mL/24 h. 
Gastrointestinal losses increase considerably in illness 
such as diarrhea or vomiting.     
 Thus, with an intake of approximately 2 L of water per day 

(equivalent to an IV infusion rate of about 85 mL/h), normal 
body water homeostasis can be maintained in the absence of 
exaggerated  fl uid gains or losses. For the average person on 
oral intake, about half of this comes from ingested  fl uids 
while the other half is contained within foods that are eaten. 

 Disease processes and care interventions add an additional 
challenge to the body’s ability to maintain a euvolemic state. 
These include water losses that result from diarrhea, vomit-
ing, increased sweating, and enhanced insensible loss, or the 
diuretic effects of drugs (Table  17.2 ). Gains in body  fl uid 
volume can result from cardiac failure, impairment in renal or 
hepatic function (low albumin), impaired capillary endothe-
lial function in the setting of sepsis/trauma/ARDS, excessive 
water retention, effect of drugs, or excessive sodium intake. 

 Under normal physiological conditions, neurohumoral 
adjustments to changes in the body’s water intake and losses 
begin to occur within minutes. For example, the intake of 
free water beyond the body’s euvolemic need is generally 
eliminated within 3 h of ingestion (Fig.  17.2 ). On the other 
hand, vomiting results in an almost immediate increase in 
antidiuretic hormone (vasopressin) levels and the initiation 
of renal water conservation.   

   Sodium 

 The body’s  fl uid volume is regulated to maintain an isotonic 
(iso-osmolar) state in the intracellular, interstitial, and intra-
vascular compartments. Normally this is 290 ± 10 mOsm/L. 

The extracellular compartments of the body are dominated 
by sodium (~140 mEq/L) and chloride (~100 mEq/L). In 
contrast, the intracellular compartment is dominated by 
potassium (~150 mEq/L) and phosphate (~50 mEq/L). Thus, 
over 90% of dissolved body sodium is contained within the 
 vascular  and  interstitial  spaces, while over 90% of body 
potassium is located within the  intracellular  space. In addi-
tion, variable amounts of sodium are stored in bone, approxi-
mately half of which remains physiologically available 
(Table  17.3 ). Additionally, serum sodium concentration lev-
els in most cases is a re fl ection of body water content. 
Hypernatremia generally denotes mean water depletion 
rather than increased body sodium. In general, dehydration is 
a term that suggests water loss, whereas the term volume 
also implies the inclusion of solutes such as sodium or blood. 
Hypernatremia more often than not, in the older population, 
denotes water loss as opposed to volume depletion.  

 Typically, the amount of  sodium excretion  in an individual 
on a daily basis is equivalent to his or her average sodium 
intake. Thus the amount of sodium excretion in 24 h varies 
from individual to individual over a large range. In the United 
States this is generally between 40 and 450 mEq (mmol). 
Under experimental conditions, human sodium conservation 
can be maintained with as little as 5–10 mEq intake in 24 h 
due to the ability of the kidney to tightly conserve sodium 
 [  6  ] . Potassium excretion also varies with intake. However, in 
contrast to the ability of the kidney to conserve sodium even 
at very low intake levels, renal potassium conservation is 
more limited. Thus, under conditions of no potassium intake 
and normal renal function in the adult, renal losses continue 
at a minimum level of approximately 40–60 mEq daily (also 
known as the “renal potassium leak”). 

 Moreover, whereas water conservation and excretion regu-
latory mechanisms operate almost on a minute-to-minute 
basis, adjustments in renal excretion to daily variations in 
sodium intake typically take a  number of days  to respond 
(Figs.  17.2  and  17.3 )  [  6,   7  ] . For example, when a hospitalized 
older patient receives an intravenous infusion which contains 
an amount of sodium  in excess  of his or her normal average 
intake, a number of days will pass before his or her urinary 
sodium excretion begins to match this higher intake level. 

  Fig. 17.2    Water elimination. The effect of a standard water load on 
renal function.  Shaded areas  indicate the range of values obtained in 24 
healthy adults. A water load of 20 mL/kg was given between 0 and 
30 min. The  bottom panel  indicates cumulative excretion expressed as 
a percentage of the total (from Felig  [  10  ] ,  fi gure 9–22, p. 423, with 
permission of McGraw Hill Companies)       

   Table 17.3    Sodium distribution in the body   

 Compartment or tissue  Sodium distribution (%) 

 Plasma  11 
 Interstitial  29 
 Connective tissue  12 
 Bone 
  Exchangeable 
  Non-exchangeable 

 43 
 14 
 29 

 Intracellular  2.5 
 Transcellular  2.5 
 Total  100 
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The rami fi cations of the resulting sodium accumulation can 
be signi fi cant for patients who normally subsist on lower 
sodium intake levels such as the elderly population.  

 As an illustration, consider an elderly woman who is 
admitted to the hospital for dehydration secondary to pneu-
monia whose normal average sodium intake is 100 mEq 
daily (2,300 mg), a  fi gure in the midrange of the recom-
mended dietary allowance (RDA). On admission to the hos-
pital, an IV infusion of normal saline (containing 154 mEq 
sodium/L) is begun at the rate of 150 mL/h, equivalent to 
3.6 L/24 h. After 24 h, when she no longer appears dehy-
drated, her infusion rate is decreased to 125 mL/h for another 
2 days after which it is discontinued because of adequate oral 
intake. Over the 72-h period of IV infusion, she has received 
a total of the following intravenous ingredients:

   9.6 L of water  • 
  1,478 mEq of sodium (34,000 mg)    • 
 In contrast to her normal living circumstance in which she 

would have cumulatively taken in 300 mEq (6,900 mg) of 
sodium over the same time period of 72 h, this 3-day infusion 
of normal saline exceeded her usual intake by approximately 
1,178 mEq (27,100 mg) of sodium. In adjusting this value to 
account for what was needed to correct for her level of dehy-
dration on admission (a typical dehydration range would be 
2–5% body weight), at most, about one-third of her total 
infusion was actually needed to bring her to euvolemic 
status. Thus, the remainder of the infused sodium (two-thirds 
of 1,178 = 785 mEq Na) represents an amount of sodium 
equivalent to seven or more additional days of intake beyond 
her usual amount. Because of the normal delay in adjustment 
of her renal sodium excretion to match the new in-hospital 
intake level (Fig.  17.3 ), her extracellular sodium content has 
therefore been increased by approximately 785 mEq. This 
results in an isotonic volume expansion of about 6 L 
(785 mEq/140 mEq/L = 6 L) and represents an excessive intake 
of 18,000 mg of sodium, or approximately 12 teaspoons of 

table salt. If her IV infusion had been continued for a longer 
period of time, or at a higher infusion rate, an additional 
amount of sodium would have been infused and accumulated 
in her extracellular compartment. 

 Particularly in patients with limited cardiac, renal, or 
hepatic function, such excesses in volume expansion through 
normal saline infusion will lead to interstitial edema and its 
cardiopulmonary consequences. Of additional concern, if 
her oral intake of water was also compromised because of 
limited water access,  her free water intake requirement would 
also not have been met , potentially leading to hypernatremia 
 [  3  ]  and the discomfort of excessive thirst. Adverse outcomes 
such as these are preventable with careful avoidance of 
excessive sodium infusion and provision of free water. The 
choice of the appropriate amount and concentration of hydra-
tion  fl uid, both sodium and water, requires the same care as 
the selection of a correct medication dose. 

 Tables  17.4  and  17.5  indicate sodium content levels in 
standard IV  fl uids and at commonly ordered infusion rates. 
For comparison, the RDA for sodium intake is between 47 
and 147 mEq (1,100–3,300 mg) per day  [  5  ] . Because actual 
dietary sodium intake in the United States is generally higher 
than this and varies between 50 and 450 mEq/day (1,150–
10,350 mg), sodium de fi ciency is rarely observed. The geri-
atric population generally consumes less sodium than the 
average, and remains at higher risk for suffering the conse-
quences of excessive normal saline infusion.   

 One liter of normal saline contains 154 mEq (3,542 mg) 
of sodium, an amount just above the upper RDA range. This 
is equivalent to an amount just under two teaspoons of table 
salt per liter. In comparison, the average concentration of 
sodium in the extracellular body compartment is ~140 mEq/L. 
Thus, normal saline contains no free water and is slightly 
hypertonic to normal body osmolarity. For comparative inter-
est, Table  17.6  contains the sodium content of common salt 
substitutes.   

   Table 17.4    Electrolyte content of IV solutions, per liter   

 Fluid  Na  K  Glucose  Tonicity  mOsm/L 

 0.9 NS a   154  0   0  Slightly hypertonic  304 
 0.45 NS   77  0   0  Hypotonic  154 
 0.25 NS   38  0   0  Hypotonic   77 
 Lactated ringers 
(LR) 

 130  4   0  Isotonic  280 

 D 
5
 W   0  0  50 g  Hypotonic   0 b  

 D 
5
 W 0.45 NS   77  0  50 g  Hypotonic  154 b  

 0.9 NS + 150 mEq 
NaHCO 

3
  

 308  0   0  Very hypertonic  616 

  Used with permission from the University of Virginia Health System 
Nutrition Support Traineeship Syllabus  [  9  ]  
  a One liter of 0.9 NS contains approximately two teaspoons of table salt 
  b  Note : The 50 g of dextrose in a liter bottle equates to an osmolarity of 
277 mOsm/L. However, the dextrose is rapidly metabolized and does 
not contribute to serum osmolarity unless the patient is hyperglycemic  

  Fig. 17.3    Sodium elimination (from Simpson  [  11  ] , p. 25,  fi gure 1, 
with permission of Elsevier)       
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   Maintenance Fluid Requirements 
for IV Infusion 

 For the average person who is euvolemic, iso-osmolar 
(isotonic), and limited to IV replacement alone (NPO), a 
 minimum  of 2 L of IV water (85 mL/h) is recommended. 
Because the equivalent of 1 L of 0.9% normal saline contains 
suf fi cient sodium replacement for a 24-h period in the typi-
cal clinical circumstance, the remainder of the intravenous 
volume replacement can be provided in the form of free 
water as represented in a solution of 5% dextrose in water 
(D 

5
 W). An equivalent example of a minimum standard IV 

“maintenance  fl uid” for 24 h would be achieved with an 
order of D 

5
  in half-normal (0.45) saline to run at 85 mL/h. 

This would provide approximately 2 L of volume containing 
154 mEq of sodium plus a liter of free water replacement 
over a 24-h period. Writing for 75, 100, or 125 mL/h of 0.45 
NS would provide, respectively, 1.8, 2.4, and 3 L of volume 
in 24 h. The obvious advantage of using 0.45 normal saline 
is that its volume contains half free water.  

   General Recommendations for IV Fluid 
Selection 

 The following guidelines are recommended for achieving 
and maintaining a euvolemic and isotonic internal environ-
ment under most clinical circumstances (Table  17.1 ):
    1.    Achieving euvolemia.

   (a)    From a comparison of an individual’s normal weight 
with his or her current body weight and clinical exam-
ination, determine the patient’s volume status and 
estimate, if any, the degree of variation from 
euvolemia.  

   (b)    If  euvolemic , only maintenance  fl uids need to be pre-
scribed, as in the patient who may be NPO.  

   (c)    The  dehydrated  patient is typically hypernatremic 
from water losses or poor intake and will ultimately 
require hypotonic  fl uid (Table  17.4 ) to fully correct 
volume status. Initial infusion with isotonic saline 
with slow correction of the hypernatremia is required 
in order to avoid the risk of adverse CNS outcomes 
 [  8  ] . Following normalization of sodium and correc-
tion of dehydration, maintenance  fl uid replacement 
should then be instituted.  

   (d)    Volume replacement because of additional clinical 
volume loss (diarrhea, blood loss, vomiting/NG suc-
tion, diuresis, and exaggerated insensible loss (fever)) 
needs to be estimated from clinical examination (typi-
cally for blood pressure, pulse, orthostasis, skin tur-
gor, jugular venous pressure, edema), measured 
intake/output volume, body weight, and the sodium 
content of the speci fi c  fl uid lost (Table  17.7 ).   

   Table 17.5    Comparative sodium levels   

 Source 
 Sodium content 

 mEq  mg  NaCl (mg) 

 Lowest required intake  [  6  ]   5/day  115  287 
 Recommended dietary 
allowance 

 47–147  1,100–3,300  2,750–8,250 

 1 L 0.9 normal saline  154  3,542  8,855 
 US intake, range per day  50–450  1,150–10,350  2,875–25,875 
 0.45 NS infusions 
 75 mL/h × 24 h  138  3,188  7,970 
 100 mL/h × 24 h  185  4,250  10,625 
 125 mL/h × 24 h  231  5,313  13,282 
 0.9 NS infusions 
 75 mL/h × 24 h  277  6,371  15,927 
 100 mL/h × 24 h  369  8,487  21,217 
 125 mL/h × 24 h  462  1,0626  26,565 
 150 mL/h × 24 h  554  12,742  31,855 
 Addition of NaHCO 

3
  to 0.45 and 0.9 NS infusions/liter a  

 75 mEq in 0.45 NS  152  3,496  8,740 
 150 mEq in 0.9 NS  304  6,992  17,480 

  Used with permission from the University of Virginia Health System 
Nutrition Support Traineeship Syllabus  [  9  ]  
  a Only occasionally ordered. The astute pharmacist will call attention to 
the hypertonic sodium load  

   Table 17.6    Salt and salt substitutes a    

 1 mEq (mmol) Na = 23 mg Na 
 Per teaspoon  1 mg Na = 2.5 mg NaCl 

 Product  mEq  mg  NaCl (mg) 

 Salt  100  2,300  5,750 
 Sea salt   95  2,176  5,440 
 Garlic salt   89  2,050  5,125 
 Garlic powder   0.04  1  2.5 
 Black pepper   0.04  1  2.5 
 Lemon pepper   28  487  1,217 
 Morton lite salt   48  1,100  2,750 
 Morton salt substitute   0  0  0 
 No salt   0.9  20  50 
 Nu-salt   0  0  0 
 Mrs. Dash seasonings   0  0  0 
 Chef Paul Prudhomme magic salt 
free all-purpose blend seasoning 

  0  0  0 

 Also salt   0  0  0 
 Blue crab bay herbs for seafood   0  0  0 
 Soy sauce   15  343  857 
 Low-sodium soy sauce   9  200  500 
 Vinegar   0  0  0 
 Mustard   3  65  162 
 Dill pickle (1 spear)   40  928  2,320 
 Beef bouillon (1 cube)   38  864  2,160 
 Salt  100  2,300  5,750 
 Sea salt   95  2,176  5,440 

  Used with permission from the University of Virginia Health System 
Nutrition Support Traineeship Syllabus  [  9  ]  
  a  Note : Some products in the table may contain signi fi cant amounts of 
potassium indicating the need for provider and patient awareness 
regarding safety. For example: sea salt 150 mg, Morton liter salt 610 mg, 
no salt 800 mg, also salt 356 mg  
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   (e)    The  volume-expanded  patient generally requires main-
tenance free water volume replacement and very limited 
sodium intake, as well as diuresis based on the clinical 
circumstance. If the patient is isotonic or hypertonic, 
 fl uid replacement should be limited to free water replace-
ment only. This will also help facilitate natural sodium 
excretion (natriuresis).      

    2.    Achieving isotonicity (iso-osmolar status).
   (a)    Tonicity of body  fl uids can be measured directly 

(serum osmolarity), or estimated approximately from 
the serum sodium concentration ([Na] × 2 + 10), or 
more exactly from the formula [Na] × 2 + glucose/18.  

   (b)    The  isotonic  patient requires only maintenance sodium 
replacement unless he or she is also dehydrated (see 
1(c) and (d) above).  

   (c)    The  hypertonic  ( hypernatremic ) patient requires addi-
tional free water replacement according to the following 
formula:

Average TBW = 0.66´ body weight (kg)

Water de fi cit = TBW´{Serum[Na]-140}/140 

 Generally it is best to give no more than half of the 
calculated de fi cit over 12–24 h and recalculate the 
de fi cit based upon repeated clinical measurements. 
Examples include patients with renal (diabetes insipidus) 
or extrarenal volume losses (vomiting, diarrhea). Vital 
signs and clinical examination will dictate the type of 
 fl uid used for replacement.  

   (d)    The  hyponatremic  patient requires a determination of 
whether the hypotonic state needs correction, and if 
so, whether water restriction or sodium supplementa-
tion is required. Clinical  fi ndings, including the pres-
ence of an abnormal neurological status, generally 
clarify this circumstance.
   i.    No correction is generally necessary if [Na] is 

>130 mEq/L and not trending downward (stable).  
   ii.    Water restriction (generally 1,200–1,500 mL/day) 

is required if a diagnosis of the syndrome of inap-
propriate antidiuretic hormone secretion (SIADH) 
applies, especially if the [Na] is <130 mEq/L and/
or is trending downward.  

   iii.    Sodium supplementation is generally indicated 
only for the  rare  patient who is considered truly 
sodium depleted. Typically these patients are also 
volume depleted and generally respond to isotonic 
volume replacement with normal    saline. 

  Note : As a general rule in evaluating disorders of 
sodium and water metabolism, in addition to the 
serum sodium concentration, the patient’s vital signs 
and neurological status deserve primary attention in 
determining  the choice of  fl uid and rapidity of correc-
tion.  Vital signs (e.g., low blood pressure) must be 
given priority over the sodium value; in a hypotensive 
patient with hypernatremia, the choice of  fl uid would 
be normal saline to raise the blood pressure. The 
choice of  fl uid in a patient with hyponatremia and sei-
zures or stupor might include judicious administration 
of hypertonic saline (e.g., 3% saline) with a view to 
partially correct the low serum sodium level. Gradual 
correction is generally prudent unless the disorder is 
rapid in onset.             

  Key Points 

    Achievement and maintenance of a euvolemic and iso-• 
tonic internal environment require careful adjustment of 
water and sodium intake that re fl ects the excesses and/or 
de fi cits of these physiologically linked nutrients.  
  Optimal care of the  fl uid status also requires an apprecia-• 
tion of the limits of sodium and water handling, which can 
vary depending on such factors as age, renal and cardiac 
function, and the patient’s routine intake of sodium.  
  Under most clinical circumstances, careful attention to • 
the amounts of infused sodium and water in conjunction 
with appropriate clinical assessment will provide for 
optimal establishment and maintenance of the patient’s 
 fl uid status.  
  Standard assessment methods include physical examina-• 
tion, an accurate body weight,  fl uid intake and output 
measurements, and serum electrolyte, renal function, and 
osmolarity determinations.  
  Systematic application of these principles will insure that • 
the internal  fl uid environment of the patient remains normal 
and adverse outcomes are minimized.          
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         B12 (Cobalamin) 

   Introduction 

 Vitamin B12 (B12, cobalamin) and folic acid are commonly 
consumed nutrients; de fi ciency of either may cause anemia 
and additional manifestations. The term B12 refers to several 
compounds known collectively as cobalamins; the most com-
mon are two therapeutic forms, hydroxocobalamin and 
cyanocobalamin, and two metabolically active coenzymes 
methylcobalamin and deoxyadenosylcobalamin.    Hydroxoco-
balamin, produced by bacteria, is not a form normally pres-
ent in humans and requires conversion to the active coenzyme 
form; it is the more common commercial preparation used 
outside the US. Cyanocobalamin is not found in nature; it is 
more air-stable and is formed by utilizing the af fi nity of 
hydroxocobalamin for cyanide. Like hydroxocobalamin, 
cyanocobalamin also has to undergo conversion in the body 
to the active coenzyme  [  1  ] . Chemically, B12 is 5, 6-dimethyl-
benzimidazolyl cyanocobamide. Cobalamin is the vitamin 
B12 molecule minus the cyanide group; cyanocobalamin is 
the most traditional commercial preparation used in the US 
 [  2,   3  ] . Several inactive forms of B12 termed as vitamin B12 
analogues also exist; these forms may even have anti-B12 
actions in humans, but serve as apoenzymes for bacteria  [  2  ] . 

 The properties of this heat (but not light)-stable vitamin 
are provided in Table  18.1 . Functions served by B12 include 

DNA and RNA synthesis; lipid, protein, and carbohydrate 
metabolism; maintenance of structural integrity of mem-
branes and myelin sheaths; maintenance of bone marrow cel-
lularity, cell-mediated immunity; and gastrointestinal 
epithelial and mucosal cell integrity  [  4,   5  ] .   

   Epidemiology 

 B12 de fi ciency is a worldwide problem with prevalence rang-
ing widely  [  6  ] , affecting males more than females, with no 
race predilection  [  6,   7  ] . Based on National Health and Nutrition 
Examination Survey (NHANES III)  [  8  ]  data, in New Mexico 
elders (>65 years), Hispanics had lower B12 levels compared 
to non-Hispanic Whites  [  9  ] ; in 165,700 patients, B12 de fi ciency 
accounted for 17–20% of nutritional anemias and 6–7% of all 
anemias  [  10  ] . Surveys in the UK and the USA suggest that 
de fi ciency increases with age, with marginal status around 
20%; in developing countries, de fi ciency is more common and 
noted at an earlier age due to low consumption of animal-
source foods  [  11  ] . Although data on true prevalence is under-
estimated and varies with source, the range is 2–43% in the 
over 65 years group  [  11–  15  ]  based on criteria adopted  [  11–  20  ] . 
In a US study, the prevalence of B12 de fi ciency was higher in 
African Americans and White centenarians than in octoge-
narians (35.3% vs. 22.8%)  [  21  ] . De fi ciency appears equally 
prevalent in community and long-term care settings  [  14  ] .  

   Vitamin B12 Absorption 

 B12 absorption involves a complex pathway involving multi-
ple steps; a disruption of any single step can cause de fi ciency. 
Naturally available B12 is bound to dietary proteins. R pro-
tein, also termed Transcobalamin I (TC I), is produced by sali-
vary glands and gastric granulocytes and epithelial cells  [  22, 
  23  ] . Upon ingestion, acid-peptic activity in the stomach facili-
tates release of cobalamin from food protein. At this stage, 
two proteins compete for B12: R protein and intrinsic factor 
from gastric parietal cells. Three steps follow. Step 1: in the 
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acid medium of the stomach, cobalamin conjugates with R 
protein which has greater af fi nity for B12 (than IF), and the 
complex passes into the duodenum. Step 2: in the duodenal 
alkaline pH (contributed by pancreatic bicarbonate) and aided 
by pancreatic proteases, the R binder is cleaved to release B12 
from the B12-R binder complex; B12 is now ready to bind to 
intrinsic factor (IF) from the stomach for transport down the 
small intestine  [  24  ] . In physiologic states, IF in a milliliter of 
gastric juice can bind 50–60 ng of B12  [  25  ] . Step 3: IF-B12 
complex transported to the ileum attaches to cubulin and meg-
alin or amnionless receptor complex in the ileal enterocyte; 
here it is actively absorbed through a process of endocytosis 
in the presence of ionic calcium and a pH over 6  [  3,   26–  28  ] . 
In summary, step 1 requires acid-peptic activity to severe B12 
from food protein to complex with R factor in the stomach; 
step 2 beyond the stomach involves release of B12 from R 
factor in an alkaline medium and binding to gastric IF  [  18  ] . 
Aging by itself plays little role in absorption; it is the impact 
of disease and medications that causes de fi ciency at any age. 

 In the lysosomes of enterocyte, cobalamin is liberated and 
IF is recirculated  [  18  ] . Free B12 is complexed with transco-
balamin II (TC II), also known as holotranscobalamin II 
(holo-TCII) in secretory vesicles of the ileal enterocyte, to be 
transported into circulation to liver and other organs of the 
body  [  3,   18  ] . The B12-binding proteins are TCs I, II and III, 
with half lives of days, hours, and minutes, respectively; once 
absorbed, B12 is bound to TC I (80–94%) and TC II (6–20%), 
with TC II the metabolically active component  [  29  ] . B12 
participates in the enterohepatic circulation  [  24  ] . Liver 
secretes B12 bound to haptocorrins via bile into the intestine, 
to be lysed by pancreatic proteases and rebind with IF to 
resume the usual pathway  [  24  ] . About 1–3% of B12 is pas-
sively absorbed without IF, a fact substantiated by absorption 
of B12 even in pernicious anemia  [  5,   30–  33  ] . B12 absorption 
through enterohepatic circulation is about 1.4  m g a day and is 
perhaps even more ef fi cient in vegetarians; typical absorp-
tion after oral ingestion takes 4–6 h  [  34  ] . Liver stores 50–90% 
of B12 in the body, ranging from 1 to 10 mg. The absorption 
pathway is schematically presented in Fig.  18.1 .  

 Inherited or acquired malabsorption disorders can affect any 
step in the pathway and impair absorption. Much of the excess 
B12 absorbed or injected in large doses is excreted in the urine; 
here the percentage of dose retained decreases, the total amount 

absorbed increases, and a larger dose is excreted  [  5  ] . B12 
transport across the blood brain barrier is augmented by zinc 
and impaired by copper, with little clinical relevance  [  35  ] .  

   Causes of B12 De fi ciency 

 Although low intake of animal-source foods causes B12 
de fi ciency as noted in vegetarians, the most common cause is 
food-cobalamin malabsorption  [  36  ]  and not dietary de fi ciency 
 [  37  ] . Yet, the geriatric age group is vulnerable to nutrient 
de fi ciencies due to restricted diets, age-related physiological 
alterations in the GI tract including a less ef fi cient enterohe-
patic circulation, chronic disease, and polypharmacy  [  18,   38  ] . 
The most common cause of B12 de fi ciency in older adults is 
 food-cobalamin malabsorption syndrome, also termed food-
cobalamin syndrome (FCS),  de fi ned as the inability to release 
cobalamin from food or its binding proteins; it usually results 
from atrophic gastritis related or unrelated to  Helicobacter 
pylori  infection, or long-term ingestion of acid-neutralizing 
agents  [  39,   40  ] . It is an exclusion diagnosis currently and may 
be better characterized in future  [  40  ] . 

 Predispositions to B12 de fi ciency include male gender, 
age >75 years, strict vegan diet, avoidance of dairy prod-
ucts  [  16  ] , decreased salivary gland secretions  [  29  ] , 
decreased gastric acidity, atrophic gastritis, use of acid low-
ering drugs, total gastrectomy (within a year)  [  41  ] , alcohol-
ism  [  42  ] , malabsorption syndromes such as celiac disease, 
pancreatic insuf fi ciency, small intestinal bacterial over-
growth (SIBO), Crohn’s disease, defective cellular metabo-
lism (chronic N 

2
 O toxicity)  [  5  ] , Zollinger–Ellison 

syndrome, AIDS enteropathy  [  24  ] , hypothyroidism  [  24  ] , 
ileal disease, cholestyramine, metformin  [  18  ] , genetic 
de fi ciencies of intrinsic factor, haptocorrin (TC I) de fi ciency 
or polymorphisms of TC II  [  29  ] , and genetic polymor-
phisms in transcobalamins  [  36  ] . Relative de fi ciency can 
occur with increased requirements in diabetes mellitus, 
renal failure, smoking, alcohol consumption, and methyle-
netetrahydrofolate reductase (MTHFR) polymorphism 677 
homozygosity  [  18  ] .  Diphyllbothrium latum , the  fi sh tape-
worm, absorbs B12 and those infested develop de fi ciency. 
A select discussion of predisposing causes follows. 

  Drug–nutrient interactions  as a cause of B12 defi ciency 
are listed in Table  18.2 . Although data is inconsistent, PPIs 
used over years may decrease the absorption of dietary vita-
min B12, but not crystalline B12; the basis is perhaps a sus-
tained reduction of gastric acidity, disrupting the essential 
 fi rst step in splitting B12 from food protein  [  43  ] . While long-
term studies are few, chronic PPI use may warrant evaluation 
for B12 de fi ciency  [  20,   44,   45  ] . More recently, metformin 
has been incriminated as a cause of B12 de fi ciency; the drug 
impairs B12 absorption at the ileum, apparently through 
calcium depletion at the site  [  27,   28  ] . Addition of oral calcium 

   Table 18.1    Properties of vitamin B12   

 Air-stable 
 Easy to crystallize and purify 
 Dark red crystals or crystalline red amorphous powder 
 Hygroscopic in its anhydrous form 
 Destroyed by metals and oxidizing or reducing agents 
 Sparingly water-soluble (1:80); aqueous solutions stable at pH 4.5–5 
 Unstable in light 
 Heat stable; not destroyed by autoclaving to 121°C 
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may minimize the problem. As metformin is a common  fi rst-
line therapy in type 2 diabetes, a disorder common in the 
old, the  fi nding has implications. It appears prudent to mea-
sure B12 levels when individuals are on medications that 
predispose to de fi ciency.  

  Chronic atrophic gastritis  is a once popular classi fi cation 
as Type A or Type B (Strickland and McKay); Type A involves 
the fundus and body of the stomach and spares the antrum, 
while Type B predominantly involves the antrum. The fundus 
and body contain gastric parietal cells which secrete acid and 

IF; autoimmune Type A gastritis is pernicious anemia, associated 
with antibodies to IF and parietal cells. Type B gastritis is 
associated with  H. pylori a nd NSAID use. In the past  perni-
cious anemia  (PA) was considered the most common cause of 
B12 de fi ciency  [  46  ] , a view now challenged, with FCS con-
sidered today the most common basis, accounting for 40–50% 
of cases  [  47  ] . While PA increases in prevalence with age, it 
accounts for <10% of cases of B12 de fi ciency in the over 60 
age group in the US  [  46  ] , but may be more common in those 
of Scandinavian or North European descent. Pernicious 

  Fig. 18.1    Gastrointestinal absorption of Cobalamin       
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anemia causes less than 2% of B12 de fi ciency in the UK older 
adults  [  37  ] . Antibodies in PA are directed at IF and occur in up 
to 70% of cases; while they are speci fi c, their absence does 
not rule out PA  [  46  ] . On the other hand, parietal cell antibod-
ies are nonspeci fi c, occurring in up to 90% of cases and even 
noted with aging  [  46  ] . 

 The association between  H. pylori infection  and B12 
de fi ciency is novel and interesting.  H. pylori  infection is 
amongst the most common GI infections worldwide. Over 
half the cobalamin-de fi cient subjects were positive for 
 H. pylori  infection in a study; following treatment of the 
infection, 40% of the subjects improved their B12 levels  [  26  ] . 
Thus eradication of  H. pylori  through antibiotics may correct 
B12 de fi ciency. The mechanisms involved are speculative. 
Interestingly, while  H. pylori  infection and atrophic gastritis 
are more common in Japan than in the West, PA is uncom-
mon in the Japanese  [  48  ] . 

 SIBO that frequently occurs in blind, stagnant loop disor-
ders is detailed in chapter 46. Bacteria in the small bowel, 
especially anaerobes, use up dietary cobalamin and produce 
analogues that serve no useful purpose to the host, and in fact 
compete with the dietary cobalamin for receptor sites  [  49  ] . 
In these patients serum folate levels may be normal or even 
elevated as bacteria synthesize folate  [  50–  52  ] . Treatment 
involves administering a course of antibiotics. 

  Gastric surgery was  performed for peptic ulcer decades 
ago; today, gastric bypass is commonly performed to address 
morbid obesity. Following surgery, cobalamin de fi ciency 
develops in a third at two years, with anemia occurring in 
nearly half the patients  [  53  ] . In addition to B12 de fi ciency, 
iron de fi ciency develops following gastric bypass, while 
folate de fi ciency is rare  [  53  ] . In a study of 72 postgastrec-
tomy patients, iron de fi ciency was the most evident, followed 
by B12 and folate de fi ciency; iron plus B12 de fi ciency was 
the most common combination noticed  [  54  ] . 

 B12 de fi ciency is common in Crohn’s disease compared 
to ulcerative colitis  [  55  ] ; in Crohn’s disease, prior small 
intestinal surgery is an independent risk factor  [  55  ] . 
De fi ciency increases proportionately to the extent of ileal 
involvement; levels should be routinely obtained in patients 
with in fl ammatory bowel disease. Levels are low in up to 
half the patients with HIV disease and increase with the pres-
ence of diarrhea; the mechanism involves disordered trans-
port causing malabsorption  [  56  ] . 

 On the contrary, B12 levels may be high in decompen-
sated chronic liver disease, whereas plasma folate levels are 
low. The ratio between B12 and folic acid may be useful in 
the differential diagnosis of chronic liver disease  [  57  ] . In 
liver disease, myeloproliferative disorders and solid organ 
cancers, there is false elevation of B12 levels and increased 
binding to transcobalamin I and II, resulting in functional 
(B12) de fi ciency at the metabolic level  [  58,   59  ] . Uncommon 
disorders causing B12 defi ciency include: Zollinger–Ellison 
syndrome, where pancreatic proteases are deactivated by 
acid gastric contents; chronic pancreatitis where the mecha-
nism involves exocrine de fi ciency; intestinal lymphoma, 
amylodosis, and short bowel syndrome.  

   Requirements and Lifestyles 

 The recommended dietary allowance (RDA) from the 
Institute of Medicine is 2.4  m g of crystalline B12 per day in 
adults, expecting at least 50% is bioavailable  [  31,   60  ] . The 
usual daily intake in western diets is 3–30  m g/day  [  61  ] . B12 
content of diets is provided in Table  18.3  and bioavailability 
after cooking for select foods in Table  18.4 . Dietary content 
of B12 and folate differs markedly in commonly consumed 
foods, as depicted in Fig.  18.2 . B12 is not present in several 
food sources such as spices, mustard, garlic, vegetables, 
fruits, and cooking oils. Estimated daily loss of B12 is 1  m g/
day in normal physiological states and more with malabsorp-
tion  [  5  ] . In patients undergoing gastric bypass, prophylactic 
supplementation must be initiated  [  3  ] .    

 In a cross-sectional European study, vegans had lower 
B12 concentrations (but higher folate concentrations) than 
vegetarians and omnivores; half the vegans were B12 
de fi cient and at risk of developing clinical symptoms  [  62  ] . 
Low serum B12 levels are associated with few lifestyle fac-
tors, mainly vegetarianism and high coffee intake, unlike 
serum folate defi ciency which was associated with smoking, 
alcohol intake, and unhealthy diets  [  63  ] .  

   Clinical Manifestations 

 The progress of cobalamin depletion goes through successive 
stages of malabsorption, subtle preclinical de fi ciency, and 
 fi nally overt clinical de fi ciency; the entire process taking years 

   Table 18.2    Drug interactions with B12  [  134,   135  ]    

 Medication  Comments 

 Neomycin  B12 de fi ciency due to malabsorption 
 Methotrexate  B12 de fi ciency but there is no signi fi cant effect 

on methotrexate ef fi cacy 
 Phenytoin  B12 de fi ciency 
 Phenobarbital  B12 de fi ciency 
 Colchicine  Decreases IF-B12 receptors in ileal enterocytes 
 Levodopa  Increases homocysteine levels via methylation 

of levodopa 
 Isoniazid  B12 de fi ciency 
 Oral contraceptives  False low levels 
 Vitamin B6  Enhances absorption of B12 
 Vitamin C  Has no effect on B12 absorption 
 Metformin  B12 de fi ciency occurs through calcium 

depletion at the ileum 
 Proton pump 
inhibitors 

 Gastric acid suppression and failure to cleave 
B12 from food protein 
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 [  47,   64  ] . B12 de fi ciency is often asymptomatic. Presentation 
may range from day-to-day manifestations, or features that are 
hematological, neurological, psychiatric, or a combination 
(Table  18.5 )  [  65  ] . The rate of cognitive function decline 
appears related to B12 levels and MMA levels, rather than 
homocysteine levels  [  66  ] . Neurological features may be irre-
versible if treated too late. B12 de fi ciency causes megaloblas-
tosis of proliferating intestinal epithelium besides other cells, 
which in turn can cause malabsorption of several additional 
nutrients with consequent features. Patients with FCS have 
inability to absorb protein bound cobalamin, but can absorb 
crystalline B12 and exhibit a normal Schilling test  [  11  ] .   

   Diagnosis 

 B12 de fi ciency should be suspected especially in high-risk 
individuals presenting with unexplained anemia, cognitive 

and psychiatric impairment, nonspeci fi c gastrointestinal 
manifestations such as diarrhea, glossitis, or anorexia, with or 
without other nutrient de fi ciencies  [  19  ] . The “at risk group” is 
provided in Table  18.6 . Hematological testing for macro-
ovalocytosis, hypersegmentation of neutrophils, and cytope-
nias is a start, although not fully utilized in the present era. 
The differential diagnosis of macrocytosis also includes folate 
de fi ciency, alcoholism, reticulocytosis, hemolysis, hypothy-
roidism, and liver disease  [  67  ] . In fact, B12 defi ciency is not 
the most common cause of macrocytosis. Bone marrow dem-
onstrates increased erythroid/myeloid ratio, megaloblasts, and 
“asynchronism of maturation,” referring to an immature 
nucleus despite maturation of hemoglobin  [  67  ] . Thus macro-
cytosis does not equate megaloblastosis; the latter is more spe-
cifi c for B12 (and folate) defi ciency. Radioactive immunoassay 
testing for B12 is more sensitive compared to electro-chemi-
luminiscence immunoassay  [  68  ] . Ultimately testing involves 
a judicious choice of tests factoring patient preferences, costs, 
and yield  [  67,   69,   70  ] . A stepwise approach to screening and 
evaluation of B12 de fi ciency is provided in Table  18.7 .   

 Testing involves assay of the vitamin or the metabolites. 
A low serum cobalamin <200 or 300 pg/mL is not by itself 
diagnostic for B12 de fi ciency, with at least two unrelated 

   Table 18.3    B12 content of various foods  [  136  ]    

 Food 
 B12 
( m g/100 g) 

 Mollusks, clam, mixed species, canned, drained solids  98.89 
 Beef, variety meats and by-products, liver, cooked, pan-fried  83.13 
 Turkey, all classes, giblets, cooked, simmered, some 
giblet fat 

 33.25 

 Braunschweiger (a liver sausage), pork  20.09 
 Chicken, liver, all classes, cooked, simmered  16.84 
 Crustaceans, crab, Alaska king, cooked, moist heat  11.51 
 Margarine, vegetable oil spread, 60% fat, tub/bottle  10.83 
 Chicken, broilers or fryers, giblets, cooked, simmered  9.44 
 Fish, sardine, Atlantic, canned in oil, drained solids 
with bone 

 8.94 

 Crustaceans, crab, blue, cooked, moist heat  7.31 
 Fish, salmon, sockeye, cooked, dry heat  5.80 
 Milk, dry, nonfat, instant, with added vitamin A  4.00 
 Milk, buttermilk, dried  3.85 
 Cheese, Swiss  3.35 
 Beef, ground, 75% lean meat/25% fat, patty, cooked, broiled  2.81 
 Lamb, domestic, leg, whole (shank and sirloin)  2.64 
 Cheese, mozzarella, part skim milk, low moisture  2.29 
 Egg, yolk, raw, fresh  1.93 
 Salami, dry or hard, pork, beef  1.90 
 Crustaceans, shrimp, mixed species, cooked, breaded, 
and fried 

 1.87 

 Fast foods, hamburger, large, double patty, with 
vegetables 

 1.80 

 Cheese, feta  1.69 
 Cheese, muenster  1.48 
 Egg, whole, cooked, fried  1.39 
 Fast foods, cheeseburger, regular, single patty  1.31 
 Egg, whole, raw, fresh  1.29 
 Pork, fresh, loin, bone-in, separable lean only, cooked, 
pan-fried 

 0.76 

 Fast foods, burrito, with beans and meat  0.75 

   Table 18.4    Vitamin B12 content in  m g/common measure of select 
foods and bioavailability  [  136,   137  ]    

 Meat and chicken 
  Cooked beef liver, lean meat, chicken, turkey: 13–83.3  m g/measure 
  Cooking meat for 35 min at 350 °F = 33% loss of bioavailability 
 Milk-based 
  Whole milk: 1.3–1.4  m g/measure; butter milk 
  Bioavailability: Boiling milk: 2–5 min = 30% loss, microwave: 

5 min = 50% loss; pasteurization = 5–10% loss; refrigeration for 
9 days = no loss noted 

  Fluorescent light exposure at 4 °C decreases B12 content 
  Cottage cheese; hard cheese; blue cheese: contains 20–60% 

of milk B12 
  Pizza cheese topping; 0.49  m g/measure 
 Eggs 
  Whole egg: 0.65  m g/measure; egg yolk: 0.32  m g/measure; egg 

white: 0.03  m g/measure 
  Bioavailability: Scrambled, boiled, and fried similar 
 Sea food 
  Salted and fermented salmon kidney has the highest B12 content 
  Fish: Salmon, sardine, trout, tuna, shell  fi sh: 3–8.9  m g/measure 
  Loss of B12 from  fi sh meat by boiling, steaming, sautéing, frying, 

and microwaving: 2.3–14.8% 
 Vegetables, fruits, nuts, nondairy beverages: contain little to no B12 
  Chick peas, beans, peanuts 
  Coffee, tea, lemonade, cranberry juice, grape drinks 
  Rice  fl our, wheat  fl our, couscous, oat bran, corn meal 
  Cabbage, spinach, brocolli, garland  Chrysanthemum , taro, soybean 
  Strawberries, pears, oranges, raspberries, bananas, dates 
  Almonds, pecans, cashew nuts, Brazil nuts 
  Edible algae contain 38–72  m g pseudovitamin B12: 
 May inhibit biologically active B12  [  18  ]  
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biochemical abnormalities (MMA, homocysteine) required 
for diagnoses  [  5,   13,   69  ] . Some consider values below 80 pg/
mL as diagnostic of de fi ciency, as also an MCV over 130 fL 
 [  69  ] . While the generally accepted cut-off was <200 pg/mL, 
there has been a suggestion to raise that level to between 300 
and 350 pg/mL  [  18  ] . Hence, borderline levels between 200 and 
350 pg/mL are indeterminate for B12 status and require fur-
ther evaluation to ascertain status  [  13,   15  ] . HoloTC is the most 
sensitive measure of functional B12 status  [  37  ] . For screening 
purposes combined B12 and holoTC levels may better identify 
patients with de fi ciency  [  71  ] . In this context, serum B12 level 
<163 pg/mL coupled with HoloTC <40 pmol/L may be con-
sistent with true vitamin B12 de fi ciency  [  72  ] . In summary, 
there are uncertainties about appropriate cut-offs warranting 
studies to determine de fi nable endpoints  [  73  ] . Further, false 
elevations of B12 levels seen in liver injury, SIBO, alcoholism, 
and other disorders confound the diagnosis. 

 IF antibody speci fi city is 95% but sensitivity is only 
50–70% for PA  [  5  ] . Parietal cell antibodies are nonspeci fi c 
and occur with aging. Serum gastrin and pepsinogen I have 
high sensitivities (90–92%), but are nonspeci fi c for PA  [  5  ] . 

 The Schilling test was utilized in the past to differentiate 
the causes of B12 de fi ciency; the test is cumbersome, time-
consuming, and does not help diagnose FCS, a common basis 
for de fi ciency. Recently CobaSorb and C-CobaSorb tests 
have been used to identify patients with malabsorption and 
adequacy of supplementation. In the CobaSorb test, holoTC 

  Fig. 18.2    B12 and Folate content 
of select foods       

   Table 18.5    Features of B12 de fi ciency   

 Asymptomatic or nonspeci fi c 
  Day-to-day vague symptoms 
  Lethargy, fatigue, apathy 
  Weight loss 
 Hematological 
  Macro-ovalocytosis 
  Anemia 
  Hypersegmented neutrophils 
  Thrombocytopenia 
  Pancytopenia 
  Hemolytic jaundice 
 Neurological 
  Peripheral neuropathy 
  Spinal cord: subacute combined degeneration 
  Optic neuropathy 
  Gait abnormalities 
  Balance abnormality 
  Ataxia 
 Psychiatric 
  Depression, anxiety, psychosis 
  Cognitive impairment, progressing to dementia 
 Other 
  Gastrointestinal: glossitis 
  Malabsorption from GI mucosal epithelial involement 
  Pigmentation and vitiligo 
  Visual hallucinations with impaired vision (Charles Bonnet 

syndrome)  [  138  ]  
  Unexplained cough  [  139  ]  
  Urinary incontinence 
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is measured before and after 3 days of ingesting cobalamin. 
If nonfasting holoTC is less than 75 pmol/L at baseline and 
increases by 10 pmol/L after ingesting cobalamin for 3 days, 
malabsorption is an unlikely cause of de fi ciency  [  74,   75  ] . 
In C-CobaSorb test, instead of cobalamin, cyanocoabalamin 
is used as it is not metabolized in the gut  [  70,   71,   76  ] . 

 Biomarkers have application to detect B12 de fi ciency, 
based on the actions of cobalamin as a cofactor for methion-
ine synthetase and methylmalonly-CoA mutase  [  77  ] . The 
reactions are depicted in Fig.  18.3 . Homocysteine level 
>10  m mol/L is considered high, a risk for cardiovascular 
mortality  [  18  ] . Elevated homocysteine levels also occur in 
hypovolemia, chronic kidney failure, hypothyroidism, and 
folate and pyridoxine de fi ciencies  [  18  ] . MMA is elevated in 
B12 de fi ciency, but also in renal failure. HoloTC comprises 
6-20% of total circulating B12; a level <40 pg/mL is consis-
tent with B12 de fi ciency  [  71  ] . B12 <200 pg/mL may be sub-
clinical, with normalization of electrophysiologic neurologic 
changes after B12 replacement  [  5  ] . Urinary excretion of 

formiminoglutamic acid excretion after histidine ingestion, 
propionate level, 2-methylcitrate levels, and deoxyuridine 
suppression test (dUST) have been used to diagnose subclinical 
de fi ciency  [  18,   29  ] . MMA and homocysteine  fl uctuate with 
time and do not predict or preclude response to B12  [  42  ] .  

 The four stages of cobalamin depletion are: (1) serum 
depletion: low holoTC; (2) Cell depletion: low holoTC, holo-
haptocorrin, and erythrocyte cobalamin; (3) biochemical 
de fi ciency: elevated homocysteine and MMA; (4) clinical 
de fi ciency: anemia and neuropsychiatric manifestations 
 [  2,   3,   18  ] . B12 de fi ciency may also be classi fi ed into three 
categories based on B12 and holoTC levels; probable: both 
B12 and holoTC are low; possible: either B12 or holoTC is 
low; unlikely: neither B12 nor holoTC is low  [  71  ] .  

   Treatment 

 The clinical challenge is to diagnose B12 de fi ciency at the ear-
liest and before clinical manifestations, offering opportunity 
to avert complications. De fi ciency is treated by replacement of 
cobalamin provided through one of several routes: intramus-
cular, oral, sublingual  [  5,   78  ] , and nasal  [  5  ] ; most commonly 
used routes are intramuscular and oral due to their low cost 
 [  5  ] . In the scenario of clear de fi ciency with manifestations, the 
intramuscular route is the recommended initial approach to 
ensure adequate levels. With neurological complications, the 
window of opportunity to replace the vitamin and expect 

   Table 18.6    Suggested approach to screening, diagnosis, and treatment 
of vitamin B12 de fi ciency  [  2,   15,   19,   38,   42,   67,   69,   70,   79,   140  ]    

 Screen at  fi rst opportunity the following 
  Those with clinical manifestations suggestive of de fi ciency 
   Hematological, neurological, psychiatric, or a combination 
  Consider adults at risk 
   Patients with malnutrition 
   Anemia, unexplained 
    Gastrointestinal: atrophic gastritis,  H. pylori  infection, small 

intestinal bacterial overgrowth, gastric bypass surgery, intestinal 
resection, Crohn’s disease, chronic pancreatitis, malabsorption 
syndromes 

   Medications: metformin, PPIs, phenytoin, colchicine, etc. 
   Vegetarians and those on restricted diets 
   HIV infection 
   Autoimmune: pernicious anemia. hypothyroidism 
   Age: consider initial screen at age 65; earlier if warranted; and 

periodically thereafter 
  Check the B12 level: 
   Normal range: 211–910 pg/mL. Below this range, sensitivity is 

97% and specifi city is 60%; specifi city increases to 90% 
if <100 pg/mL  [  42  ]  

   If >350 pg/mL: de fi ciency unlikely 
   If <100 pg/mL: likely to be de fi ciency 
   If 100–350 pg/mL, indeterminate range; further evaluation 

suggested 
 When levels are in the indeterminate range 
  Determine MMA levels: Normal range: 0.08–0.28  m mol/L 
   If <0.29  m mol/L: Unlikely to be B12-de fi cient 
   If >0.75  m mol/L: Likely to be B12-de fi cient 
  Homocysteine (not speci fi c) 
  Holotranscobalamin levels may be useful to judge response 
 Following diagnosis of B12 de fi ciency 
  Determine the cause of vitamin B12 de fi ciency through further 

tests if appropriate 
  Extent of testing based on health status, life expectancy, costs, and 

patient preferences 

   Table 18.7    Treatment of B12 de fi ciency  [  70,   80–  83,   87  ]    

 Routes of treatment 
  Intramuscular: 100–1,000  m g monthly or 1,000  m g every 3 months 
  Oral doses:500–2,000  m g daily 
  Intranasal: 500  m g weekly 
  Sublingual: 500–2,000  m g daily 
 Choice of route 
  Based on discussions: consider ease of administration, access to 

provider, quality of life, costs, and patient preferences 
 Advantages 
  Oral, intranasal, and sublingual: ease of administration, not 

provider-dependent 
  Intramuscular: safe and reliable; less frequent dosing 
 Disadvantages 
  Intramuscular; involves trips to the provider and may be provider-

dependent 
  Oral: adherence may be an issue; dysphagia may be a 

contraindication 
  Intranasal and sublingual: nonadherence may be an issue; expensive 
 Monitoring B12 blood levels while on treatment 
  Annually if on oral, sublingual, or intranasal administration 
  If on injections under supervision, levels not required to be measured 
 Duration: usually for life 
 Adverse effects 
  Toxicity rare even with large doses, local site hematomas can occur 
  Hypokalemia may occur following initial replacement and 

predispose to arrhythmias 
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improvement is limited; here the best option is to give large 
doses to replace body stores. Once initiated, maintenance of 
stores can be achieved through any route. In the absence of 
manifestations, the choice of route may follow a provider-
patient discussion, based on convenience to the patient and 
preferences. Injections of B12 are inexpensive and toxicity is 
extremely unlikely, with excesses spilling into the urine. 

 Common dietary sources of B12 include meat, liver,  fi sh, 
eggs, and milk  [  34  ] . However it is impractical to correct 
de fi ciencies through diet alone; it is dif fi cult to get patients to 
change a lifetime dietary practice, as this may involve cultural 
or other beliefs and taste preferences. The oral route has become 
more popular and is suitable for subclinical or mild de fi ciency 
without neurological defects, and ideally after repleting stores 
with injections in the event of existing complications from 
de fi ciency  [  17  ] . Intramuscular routes utilize an initial dosage of 
100–1,000  m g per day for up to a week in the presence of mani-
festations, with maintenance in doses ranging from 100 to 
1,000  m g per month to 1,000  m g every 3 months  [  2,   65,   79  ] . 

 Oral replacement has become an accepted route with 
good patient acceptance and is comparable to injections, as 
long as the regimen is adhered to  [  80–  83  ] . Oral B12 in doses 

of 125–1,000  m g daily is effective and safe both in PA and 
food-cobalamin malabsorption  [  84  ] . Lifelong oral mainte-
nance therapy ranges from 500–2,000  m g per day  [  17,   80  ] . 

 Biweekly intramuscular treatment can normalize hemato-
logical parameters, but the response of neurological manifes-
tations is highly variable and dependent on the duration of 
neurological damage; reversibility is slow, taking months to 
years. Treatment of severe anemia from B12 de fi ciency can be 
followed by transient hypokalemia  [  5  ] . Depression associated 
with B12 de fi ciency has a variable response, although bio-
chemical markers improve. Cobalamin malabsorption from 
 H. pylori  gastritis can improve with treatment of  H. pylori  
infection alone  [  5,   26  ] . Hydroxocobalamin may be used where 
cyanocobalamin is contraindicated, as in tobacco or tropical 
amblyopia and optic neuropathy in PA  [  85,   86  ] . Nasal hydroxo-
cobalamin has a 2–5% bioavailability  [  85  ] . Ultimately the 
options in treatment provide a choice for the patient, with 
advantages and disadvantages (Table  18.7 )  [  70,   87  ] . The bio-
availability of B12 is highest with the injection, followed by 
nasal and oral routes  [  85  ] . Future targets for delivery of B12 
may include recombinant human IF  [  88  ]  in those unable to 
absorb free B12 and milk forti fi ed with B12  [  89  ] . 

  Fig. 18.3    Reactions utilizing B12 and Folate       
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 Of interest, hydroxocobalamin has two additional roles. 
The  fi rst is the utility of hydroxocobalamin in the manage-
ment of cyanide poisoning because of its af fi nity to bind cya-
nide; secondly, as B12-de fi cient smokers may be unable to 
break down cyanocobalamin, hydroxocobaalamin may be 
the better option in these individuals.  

   Monitoring B12 Status 

 Supplementation may be associated with variable increases 
in blood levels of B12  [  90  ]  MMA, and homocysteine mea-
sures may suggest effectiveness of B12 therapy. Most patients 
relapse in a year or two after stopping B12 therapy  [  5  ] . B12 
levels are ideally monitored if on oral, intranasal, or sublin-
gual therapy to verify adherence to treatment; injections 
under supervision do not require monitoring as levels of B12 
can be high prompting some providers to discontinue therapy 
 [  2  ] . Potassium levels may drop following initiation of B12 
therapy and may require monitoring based on clinical judge-
ment. Likewise, iron and folate levels may decline if they are 
in the lower normal limits due to increase in hematopoesis.   

   Folic Acid 

   Introduction 

 Folic acid (FA) is a term derived from “foliage,” referring to 
“leafy green vegetables”  [  91  ] . FA is water-soluble and the 
essential vitamin B9, chemically known as pteroylmonoglu-
tamic acid. The physiological properties of folic acid were  fi rst 
noticed in 1931 by Lucy Willis after treating megaloblastic 
anemia with yeast and liver extracts  [  91,   92  ] . Folic acid is the 
synthetic form; folate is the natural form of vitamin in foods 
and that present in blood and tissues, the metabolically active 
form in humans. Folic acid is stable in solution, while folate 
oxidizes easily. Folate is involved in methyl transfer reactions 
in amino acid metabolism and synthesis of nucleic acids: con-
version of serine to glycine, histidine catabolism, synthesis of 
thymidylate, methionine, and purine synthesis  [  92  ] .  

   Epidemiology 

    NHANES III data suggest that folate de fi ciency in the US is 
more prevalent among non-Hispanic black and Mexican 
American people while non-Hispanic whites usually have 
higher levels  [  8  ] . Two percent of NHANES III population 
over age 60 years were folate-de fi cient, the cut-off being 
3 ng/mL serum folate  [  8  ] . Anemia due to folate de fi ciency 
was seen in 180,000 of 2.8 million individuals, accounting to 
6.4% of all anemias in those over 65 years  [  10,   12  ] .  

   Absorption, Transport, and Storage 

 Folate absorption is both active and passive. The maximal 
sites of absorption are the duodenum and jejunum  [  92,   93  ] . 
Active absorption in this site is pH (5–6.5)-dependent and 
occurs via sodium-dependent folate carrier protein present 
on enterocytes  [  91  ] ; it is a saturable process involving anion 
exchange and transmembrane pH gradient mechanisms  [  92, 
  94  ] . The intracellular transport of folate, a receptor-mediated 
endocytosis, depends on three proteins: reduced folate car-
rier (RFC1), the folate receptor, and a low pH folate proton-
coupled folate carrier  [  91  ] . While proton-coupled folate 
transporter protein predominates in the proximal half of the 
small intestine where the pH is acidic, reduced folate carrier 
protein expressed in the apical membrane of enterocytes 
functions at neutral pH to absorb folate in the distal half of 
the small intestine  [  95  ] . Polyglutamates are hydrolysed to 
monoglutamate prior to absorption by pancreatic pteroylpo-
lyglutamate hydrolase (PPH)  [  91  ] . Monoglutamate folate is 
absorbed passively, but not suf fi ciently to meet the daily 
requirements  [  91  ] . 

 Hepatic  fi rst pass metabolism of folates is 95%. Serum 
folate levels are maintained by liver and enterohepatic circu-
lation  [  91  ] . Up to 60–90  m g of folate are secreted into bile 
every day  [  93  ] . Folate concentrations peak within 30–60 min 
after a meal, with a plasma half life of 3–3.5 h  [  96  ] . In tis-
sues, monoglutamates are converted to the polyglutamate 
form. Folate and its metabolites are excreted via the urine 
and feces. Red cell folate is stable and a better index of status 
than serum folate. 

 The normal daily adult western diet contains 600–
700  m g of folate  [  93  ] , with two thirds of food folate in 
polyglutamate form, requiring conversion to monogluta-
mate form for intestinal absorption  [  97,   98  ] . The ratio of 
monoglutamates to polyglutamates in natural folates is not 
a limiting factor for absorption  [  99  ] . Folate absorption is 
decreased by dietary  fi ber, tomatoes, orange juice, citrates, 
alcohol, antacids, zinc de fi ciency, malabsorption disorders 
such as chronic pancreatitis and colitis, and by medications 
such as cimetidine and sulfasalazine  [  91,   94,   100–  102  ] . 
Folic is metabolized in the gut to 5-methyltetrahydrofolate, 
5,10-methylenetetrahydrofolate, tetrahydrofolate, and 
10-formyltetrahydrofolate  [  103  ] . Methylenetetrahydrofo-
late reductase (MTHFR) polymorphism (seen in 50% of 
individuals) is associated with decreased ability to convert 
dietary folate to its active metabolites  [  104  ] . While folate 
absorption and metabolism are normal in end stage renal 
disease, it is removed by hemodialysis, predisposing to 
de fi ciency  [  105  ] . 

 Folate is bound to low-af fi nity binding proteins such as 
albumin (40%), alpha2-macroglobulin, and transferrin and 
high-af fi nity binding proteins such as folic acid-binding pro-
tein (FABP)  [  92,   106  ] .  
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   Causes of Folic Acid De fi ciency 

 Folic acid de fi ciency can be caused by a decrease in intake or 
absorption, increased requirements, drug interactions, 
increase in folate-binding by proteins, and increased loss 
from the body. Any intestinal disorder can cause de fi ciency 
(Table  18.8  provides a list).   

   Clinical Manifestations 

 Early stages of folic acid de fi ciency are asymptomatic. 
De fi ciency usually occurs in conjunction with other nutrient 
de fi ciencies. Folic acid de fi ciency impairs marrow production 
of all three lineages; the result may be megaloblastic anemia, 
thrombocytopenia, leucopenia, and pancytopenia in any com-
bination, with severe de fi ciency. In the preclinical stages, an 
increase in homocysteine levels is noted (Table  18.9 ). 
Macrocytosis occurs with other causes as stated earlier and less 
commonly from B12 and folate de fi ciency. The consequences 
of folate de fi ciency are megaloblastic changes in all prolifer-
ating cells including the blood, bone marrow, and in the rap-
idly proliferating cells of the GI tract; the epithelial changes 
in the gastrointestinal mucosa can be widespread and cause a 
secondary de fi ciency of folate, B12, and other nutrients.   

   Diagnosis of Folate De fi ciency 

 Serum folate levels increase within an hour after ingestion 
and represent short-term folate status. Red cell folate re fl ects 
long-term folate status. Based on NHANES information, for 
red cell folate levels microbiological assessment (MA) is 
preferred to isotope dilution liquid chromatograph-tandem 
masospectrometry (LC-MS/MS), as red cell folate levels 
detected by LC-MS/MS are higher by 25% compared to MA 
 [  107  ] . Serum folate less than 3 ng/mL and red cell folate 
below 140 ng/mL are consistent with de fi ciency  [  108  ] .  

   Folate Requirements 

 RDA of folates for adults in dietary folate equivalents 
(DFE) is 200–400  m g per day  [  97  ] . The tolerable intake level 
of synthetic folic acid is 1,000  m g per day  [  109  ] . 
Recommendations are similar in the old and the young. 
Folate is easily destroyed by heat, UV light, oxidation, and 
cooking  [  110  ] . Much is lost by cooking for 5 min and more 
than half after frying or boiling in water for 30 min. Folate is 
well dispersed in foods (Table  18.10 ), but absent in spices, 
mustard, garlic, and cooking oils. The bioavailability of food 
folate is lower than that for forti fi ed folic acid and folic acid 
supplement  [  111  ] . Bioavailability varies with source; while 
it is close to 100% for free folic acid, it is less than 50% for 
food folate  [  112,   113  ] . However, folic acid is not the biologi-
cal form of folate and requires reduction to tetrahydrofolate; 
the physiological form is 5-methyl tetrahydrofolate.   

   Folate De fi ciency-Related Morbidity and 
Mortality 

 Folate adequacy has been suggested to lower risk for col-
orectal and other cancers, but the relationship is by no means 
certain  [  94,   104,   114  ] . The controversy also raises the question 

   Table 18.8    Causes of folate de fi ciency  [  8,   36,   91,   94,   100–  102,   104, 
  141–  144  ]    

 Low intake of green leafy vegetables and legumes 
 Malabsorption 
  In fl ammatory bowel disease—ulcerative colitis, Crohn’s disease 
  Celiac disease 
  Tropical sprue 
  Scleroderma 
  Intestinal lymphoma 
  Amyloidosis 
  Surgical intestinal resection 
  HIV disease 
  Blind loop syndrome 
 Increased requirements: leukemias, psoriasis, cancers, etc. 
 Medications 
  Sulfasalazine 
  Metformin 
  Cimetidine 
  Phenytoin 
  Green tea 
  Phenobarbital 
 Functional de fi ciency secondary to antagonistic action of 
  Methotrexate 
  Trimethoprim 
  Pyrimethamine 
  Triamterene 
 Alcoholism 
 Smoking 
 Hemodialysis 

   Table 18.9    Features of folate de fi ciency  [  94,   127,   145  ]    

 Macro-ovalocytosis 
 Anemia 
 Megaloblastosis: gastrointestinal and bone marrow 
 Leucopenia 
 Thrombocytopenia 
 Glossitis, skin pigmentation 
 Proneness to atherosclerotic disease 
 Procarcinogenicity (although controversial)  [  127  ]  
 Decreased cognitive function 
 Depression 
 Worsening psoriasis  [  94  ]  
 Vitiligo  [  94  ]  
 Atrophy of the oro-pharyngeal mucosa  [  94  ]  
 Age-related macular degeneration  [  145  ]  
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of the protective ingredient, between folate, an anti-oxidant, 
and  fi ber in the dietary source. In in fl ammatory bowel dis-
ease patients with folate de fi ciency and hyperhomocysteine-
mia, there is an increased risk of colorectal cancer  [  115  ] . 
It was believed that folic acid intake would help decrease 
homocysteine levels and favorably impact cardiovascular 
morbidity and mortality, with suggestions for folic acid sup-
plementation for primary stroke prevention  [  116  ] . Decreasing 
homocysteine by over 20% for more than 2 years appeared to 
decrease the incidence of  fi rst stroke with statistical 
signi fi cance  [  116  ] . However, a large recent meta-analysis 

failed to con fi rm a bene fi t for folic acid, B6 and B12 supple-
ments on cardiovascular risk, vascular disease, cancer or 
total mortality  [  117,   118  ] . In older adults, lower folic acid 
levels are associated with depression and dementia.  

   Alcohol and Folate 

 The majority of chronic alcoholics (up to 80%) can be folate-
de fi cient  [  119  ] . Alcohol intake, whether acutely, subacutely, 
or chronically, decreases intestinal absorption of folate, 
impairs the enterohepatic circulation, and increases urinary 
excretion of folate  [  120,   121  ] . Serum alcohol greater than 
150 mg/dL inhibits reabsorption of  fi ltered folate at the prox-
imal renal tubule causing increase in urinary excretion of 
folate  [  120  ] . To counteract the chronic alcohol intake, folate 
receptors and reduced folate carriers in the proximal renal 
tubule decrease urinary folate excretion  [  120  ] . Acute alcohol 
ingestion with serum levels greater than 150 mg/dL increases 
urinary excretion of folate by  fi vefold, whereas chronic 
intake increases it by only onefold  [  120  ] . Effects of alcohol 
on intestinal absorption of folate and metabolism are com-
plex and outlined in Table  18.11   [  122,   123  ] .   

   Treatment 

 Folic acid can be supplemented by oral, intramuscular, intra-
venous, and subcutaneous routes. The RDA for older adults 
is 400  m g per day, similar to that for younger adults. Folic 
acid is provided in a dose of 1–5 mg daily depending on 
severity of de fi ciency. Forti fi cation has been implemented as 
a public health initiative in the USA to prevent folic acid 
de fi ciency-related complications (such as neural tube 
defects). Following folate forti fi cation, the highest decrease 
in homocysteine concentrations was found in alcoholics and 
those with low intake of vegetables and fruits in older adults 
 [  124  ] . There is a nonlinear dose-relationship between folate 
levels and homocysteine levels  [  104,   125  ] . Homocysteine 
levels stabilize after increasing folate to certain levels  [  125  ] . 
There are suggestions that L-5-methyltetrahydofolate, the 
predominant dietary folate and transport form in circulation, 
may reduce the potential for masking the hematological 

   Table 18.10    Folate content of various nutrients  [  146  ]    

 Food 
 FA, DFE* 
( m g)/100 g 

 Leavening agents, yeast, baker’s, active dry  2350.00 
 Chicken, liver, all classes, cooked, simmered  576.53 
 Rice, white, long-grain, parboiled, enriched, dry  430.81 
 Cornmeal, self-rising, degermed, enriched, yellow  375.36 
 Turkey, all classes, giblets, cooked, simmered, some 
giblet fat 

 335.17 

 Wheat  fl our, white, all-purpose, self-rising, enriched  307.20 
 Bread, Italian  305.00 
 Wheat  fl our, white, all-purpose, enriched, bleached  291.20 
 Wheat  fl our, white, bread, enriched  288.32 
 Snacks, pretzels, hard, plain, salted  286.67 
 Spices, oregano, dried  266.67 
 Beef, variety meats and by-products, liver, cooked, 
pan-fried 

 260.00 

 Seeds, sun fl ower seed kernels, dry-roasted, with salt added  237.50 
 Bagels, plain, forti fi ed  225.35 
 Cowpeas, common (blackeyes, crowder, southern), mature 
seeds, cooked, boiled 

 208.14 

 Dill weed, fresh  200.00 
 Bread, Indian, fry  195.56 
 Spinach, raw  190.00 
 Lentils, mature seeds, cooked, boiled, without salt  180.81 
 Seaweed, kelp, raw  180.00 
 Chickpeas (garbanzo beans, Bengal gram), mature seeds, 
cooked, boiled 

 171.95 

 Beans, pinto, mature seeds, cooked, boiled, without salt  171.93 
 Bread, white, commercially prepared (includes soft 
bread crumbs) 

 171.11 

 Mushrooms, shiitake, dried  166.67 
 Bread, mixed-grain (includes whole-grain, 7-grain)  165.38 
 Orange juice, frozen concentrate, unsweetened, undiluted  154.93 
 Parsley, raw  150.00 
 Bread, rye  150.00 
 Beans, black, mature seeds, cooked, boiled, without salt  148.84 
 Asparagus, cooked, boiled, drained  148.33 
 Okra, frozen, cooked, boiled, drained, without salt  146.20 
 Peanuts, all types, dry-roasted  144.62 
 Egg, yolk, raw, fresh  144.58 
 Crackers, cheese, sandwich-type with peanut butter  fi lling  142.86 
 Beans, navy, mature seeds, cooked, boiled, without salt  140.11 
 Lettuce, cos or romaine, raw  140.00 

   * DFE: Dietary Folate Equivalent  

   Table 18.11    Alcohol effects on folate and its metabolic reactions 
 [  119,   120,   147  ]    

 Inhibition of methylation of tetraydrofolate (THF) from serine 
 Inhibits folate absorption in the intestine 
 Inhibits methylene tetrahydrofolate reductase 
 Inhibits methionine adenosyl transferase 
 Inhibits methylation of methionine and DNA 
 Inhibits homocysteine metabolism to glutathionine 
 Impairs the enterohepatic cycle 
 Increases urinary excretion of folate 
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symptoms of B12 de fi ciency and has a reduced likelihood 
for drug interactions  [  126  ] . 

 As there is a concern about masking B12 de fi ciency with 
folate supplementation, folic acid intake from forti fi cation is 
limited to 1 mg per day  [  127  ] . Folic acid intake can exceed 
1 mg tolerable upper limit if forti fi ed diets such as highly 
forti fi ed cereals, noodles, pasta, rice, and over-the-counter 
supplements are consumed regularly  [  127  ] . Hence one 
should read food labels and factor the amount of folates 
taken as supplements or as forti fi ed foods to keep daily intake 
below 1 mg. Folic acid in excessive amounts may decrease 
ef fi cacy of anti-epileptic medications, worsen neurological 
manifestations of undiagnosed pernicious anemia, and 
decrease zinc absorption in the gut  [  100  ] .  

   B12 and Folate Interactions 

 Patients with low B12 and high serum folates have the high-
est homocysteine and MMA levels  [  128–  130  ] . This phenom-
enon is explained by irreversible oxidation of intracellular 
B12, decreasing cobalamin activity, decrease in holotransco-
balamin, and the methyl-trap hypothesis. In B12 de fi ciency, 
methionine synthase is suboptimal in function leading to 
decline in methionine synthesis, causing elevated levels of 
homocysteine along with methyltetrahydrofolate  [  130  ] . High 
folate levels in association with low B12 may also suggest 
small intestinal bacterial overgrowth, where the bacteria 
assimilate B12 and produce folate  [  33  ] . Folate increases 
intracellular oxidation of B12 and inactivates cobalamin, 

decreasing its availability even further  [  32,   128  ] . This could 
be the basis for unmasking or worsening of neurological and 
psychiatric manifestations, following folic acid supplemen-
tation  [  31,   129  ] . There is no evidence of an effect of B12, 
folic acid, or B6 supplementation on cognition in those with 
normal or impaired cognition  [  131  ] . 

 As foods are forti fi ed with folic acid, there is potential for 
exacerbation of biochemical and clinical B12 de fi ciency, 
calling for food forti fi cation with vitamin B12  [  132  ] . B12 
de fi ciency is common in the geriatric population, and new 
evidence suggests that the elderly respond poorly to doses 
less than 500  m g daily. But forti fi cation with B12 is a com-
plex issue and may even be ineffective, unlike in the case of 
folate; studies must instead target supplementation in special 
populations such as vegetarians and elderly  [  133  ] . 

 A comparison of B12 and folic acid defi ciency is provided 
in Table  18.12 .  

  Key Points 

    Early recognition of cobalamin de fi ciency poses opportu-• 
nities to avert complications.  
  Vitamin B12 de fi ciency, marginal or overt, occurs in • 
15–40% of older adults.  
  Vitamin B12 absorption is an active, energy-mediated and • 
complex process, but can also occur through passive diffu-
sion from the intestinal lumen when available as large doses.  
  Vitamin B12 is only present in foods of animal origin and • 
not in fruits, vegetables, and grains.  

   Table 18.12    A comparison of B12 and Folic acid de fi ciency   

   Cobalamin de fi ciency  Folate de fi ciency 

 Presentation  Can be asymptomatic 
 Megaloblastosis, GI and bone marrow 
 Anemia, macrocytosis, pancytopenia 
 Hypersegmented neutrophils 
 Neurological manifestations 
 Neuropsychiatric manifestations 

 Can be asymptomatic 
 Megaloblastosis: GI and bone marrow 
 Anemia, macrocytosis, pancytopenia 
 Hypersegmented neutrophils 
 Cognitive impairment 
 Depression 

 Causes  Vegan or vegetarianism 
 Medications 
 Stomach or small intestinal surgery 
 Several GI causes of malabsoprtion 

 Restricted dietary intake 
 Alcoholism 
 Increased utilization by cancers 
 Losses (psoriasis, hemodialysis) 

 Diagnosis  Biomarker: B12 level, holoTC level 
 Functional marker when B12 levels are indeterminate: MMA 
and tHcy (nonspeci fi c) 
 Bone marrow: megalobastosis 
 Additional tests to evaluate the cause 

 Biomarker: Serum folate and RBC folate 
 Functional marker: tHcy (nonspeci fi c) 
 Bone marrow: megalobastosis   

 Treatment  Intramuscular 
 Oral and sublingual 
 Intranasal 

 Oral 
 Intramuscular 
 Intravenous 

 Diet  Diet; predominantly animal sources  Diet: vegetables, fruits, animal source 
 Forti fi cation  Forti fi cation not implemented, under consideration  Folate forti fi cation is a public health initiative and successful 
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  Asymptomatic states are common in B12 defi ciency; • 
manifestations indicate long-standing de fi ciency and can 
be hematological, neuropsychiatric, or a combination.  
  The most common cause of B12 de fi ciency is food-co-• 
balamin malabsorption.  
  Blood assays help assess B12 status, supported by meth-• 
ylmalonic acid (MMA) and holoTC assays. In future, 
holoTC, which has a better diagnostic accuracy, may 
replace existing B12 assays as a primary screening test 
for suspected defi ciency  [  148  ] . Assessing the cause of 
de fi ciency entails further testing.  
  B12 can be supplemented through oral, sublingual, intra-• 
nasal, or intramuscular routes.  
  Folate is present in fruits and vegetables, unlike B12.  • 
  Folate is easily lost during heating or frying.  • 
  Folate de fi ciency presents with similar hematological • 
parameters as that of B12, but without neurological mani-
festations; depression and dementia may occur.  
  Folic acid de fi ciency is corrected by oral supplements, • 
which are more bioavailable than folate in foods.  
  Forti fi cation of food is an effective public health initiative • 
to avert de fi ciency.           
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   Iron 

   Introduction 

 Iron is an essential micronutrient necessary for oxygen carry-
ing capacity, enzyme function, immune function, etc. In the 
humans, total body iron stores average 3–5 g  [  1  ] . While iron 
regulation is clear, mechanisms for excretion are less well 
de fi ned. In the USA, the National Health and Nutrition 
Examination Survey (NHANES) III (1999–2000) shows a 
prevalence of iron de fi ciency at 6% in the over 70 years age 
group and 9% in the 50–69 years group  [  2  ] . The prevalence of 
anemia varies based on the setting; the NHANES III data 
reveals a third of anemia in the over 65 age group to be nutri-
tional, with iron de fi ciency alone or in combination with other 
nutrients accounting for 22% of the causes for anemia  [  3  ] .  

   Physiology of Iron Absorption, Transport, 
and Storage 

 Iron in the diet is present in two forms: heme (10–15%) and 
non-heme (85–90%)  [  4  ] . Non-heme form comprises the major 
component, up to 15 mg of elemental iron in the average daily 
American diet. Heme iron constitutes up to 5 mg of elemental 
iron in the average daily intake; its absorption from the intesti-
nal lumen to the systemic circulation is far from clear  [  5  ] . 

 There are two hypotheses proposed for nonheme iron 
absorption. One is hepcidin based and the second is entero-
cyte based. Iron absorption mainly takes place in the duode-
num and proximal jejunum; the absorption is variable and 
ranges from 1 to 50% due to interactions with food, nutrients, 
mucosal or systemic in fl ammation, and iron stores. Factors 
that can decrease the bioavailability of iron are listed in 
Table  19.1 . Ferrous sulfate absorption without food is 24.1% 
and with food the absorption declines to 8.2%. The absorption 
of iron is not parallel to the iron content in the preparation.  

 Iron in food that is in ferric form is poorly absorbed, but is 
absorbed following conversion to ferrous form by a reductase 
on the luminal surface of the enterocyte. Ferrous form is 
competitively transported into the enterocyte by a divalent 
metal ion transporter (DMT1) which also transports copper, 
zinc, molybdenum, cobalt, cadmium, nickel, and lead. DMT1 
expression is regulated by body iron stores. Gastric acidity 
promotes retention of iron in ferrous form, enhancing its 
absorption. Enterocyte iron is either transported into the sys-
temic circulation or attaches to a storage protein, apoferritin, 
forming ferritin. The enterocyte iron pool regulates iron 
responsive elements/iron responsive protein (IRE/IRP) to 
in fl uence iron absorption. Iron transport into the systemic 
circulation is tightly regulated by hepcidin at the ferroportin–
hephaestin complex of the enterocyte. Iron released into the 
systemic circulation is attached to transferrin and transported 
to liver, bone marrow, and other tissues (Fig.  19.1 ).  

 Hepcidin is a 25-amino acid peptide produced by hepato-
cytes  [  6  ] ; production is dependent on iron status, in fl ammation, 
hypoxia, and erythropoietin activity. This regulation of iron 
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absorption is termed the “gut–liver axis”  [  7  ] . Hepcidin inhibits 
iron absorption through degradation of DMT1  [  8  ]  and additional 
molecular mechanisms; its level is upregulated in the presence 
of in fl ammation and iron overload and is downregulated in the 
presence of hypoxia, anemia, and activity of erythropoietin  [  9  ] . 

 Body iron is excreted via the shedded dermal epithelial 
cells; unabsorbed iron and enterocyte ferritin are lost through 
feces (1–2 mg/day)  [  4  ] . The iron released from red blood 
cells into the reticuloendothelial system is transported by 
transferrin (most important functional pool) for new red 
blood cell formation (20–30 mg/day)  [  4  ] . Hepcidin inhibits 
this step in erythropoiesis resulting in anemia of chronic dis-

ease  [  7  ] , where even adequate iron stores cannot be utilized 
for RBC formation (Fig.  19.2 ). After 50 years of age, the 
daily iron requirement is 8 mg  [  10  ] . Liver and macrophages 
are the main storage sites for iron  [  4  ] .   

   Iron Content in Food 

 Seaweed, dry cocoa powder, and chicken liver are high in 
content, with chicken liver carrying the highest heme iron con-
tent per weight coupled with high bioavailability. Most fruits 
and vegetables have low iron content, barring artichoke; spin-
ach iron is low in bioavailability. Oils and dairy have no iron 
 [  11  ] . Forti fi ed cereal has up to 18 mg of nonheme iron, whereas 
white bread has 0.9 mg per serving  [  10  ]  (Table  19.2 ).   

   Iron De fi ciency 

 Older adults prone to iron de fi ciency include vegetarians or 
lacto-vegetarians, those with dietary restrictions including 
low intake of meat or chicken, prior history of multigravida 
pregnancy, intestinal malabsorption, celiac disease, 
in fl ammatory bowel disease, blood loss, chronic kidney dis-
ease, and others. Obesity increases hepcidin levels with a 
decline in iron absorption  [  12  ] . On average, each hemodialy-
sis patient loses 6–8 g of iron per year solely due to dialysis-
related blood loss  [  13  ] . Serum erythropoietin and soluble 

   Table 19.1    Factors that decrease iron bioavailability  [  20,   50–  52  ]    

 Organic 
  Phytates 
  Polyphenols/tannins (tea) 
  Eggs 
  Gluten 
  Soy protein 
  Bananas 
  Fiber—ispagula and psyllium 
 Trace elements: calcium, zinc 
 Gastric acid reducing agents 
  Proton pump inhibitors 
  Antacids 
  H2 blockers 
  Sodium bicarbonate 
  Helicobacter pylori  infection 

  Fig. 19.1    Iron absorption 
and transport       
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transferrin receptors (sTfR) signi fi cantly increase and induce 
functional iron de fi ciency with the use of in fl iximab  [  14  ] . 
Erythropoietic stimulating agents used to target higher hemo-
globin levels create a functional iron de fi cient state by using 
up iron stores for erythropoiesis; at this stage, the agents are 
ineffective unless iron stores are repleted  [  15  ] . 

   Clinical Features of Iron De fi ciency 
 Symptoms and signs of iron de fi ciency are nonspeci fi c. 
Fatigue, malaise, generalized weakness, decreased exercise 

tolerance, impaired cognitive abilities, irritability, aguesia, 
bald tongue, pale conjunctiva, koilonychia, restless leg syn-
drome, depressed immune function, and altered appetite and 
food habits are known to occur. Alternatively, the presenta-
tion may be worsening of organ function, typically cardiac or 
cerebrovascular  [  16  ] . The most common cause of iron 
de fi ciency is blood loss of gastrointestinal or genitourinary 
origin. Iron de fi ciency may result from malabsorption, such 
as in celiac disease. In developing nations, iron de fi ciency 
commonly results from blood loss due to parasitic gut infec-
tions. Iron de fi ciency should prompt evaluation for a cause; 
it is typically from blood loss. In older adults, the gastroin-
testinal tract is a likely source.  

   Diagnosis 
 Clinical and laboratory markers aid diagnosis. Microcytic 
hypochromic anemia characterized by serum ferritin levels 
<15 ng/mL or transferrin saturation (TSAT, referring to 
serum iron/total iron binding capacity × 100) <20% are both 
diagnostic of iron de fi ciency. The pitfall with serum ferritin 
assay is that it is a positive acute phase reactant and therefore 
elevated values in the hospitalized patients may mask iron 
de fi ciency. It is suggested that ferritin <70 ng/mL is an opti-
mal cutoff for a diagnosis of iron de fi ciency in patients with 
acute or chronic in fl ammation  [  17  ] . Hence, ferritin assay and 
TSAT are ideal tests only in the stable ambulatory or long-
term care settings. Serum ferritin, an intracellular protein, is 
a good index of storage iron. Bone marrow biopsy is a help-
ful diagnostic test, but seldom attempted these days  [  1  ] . Also 
useful are measures of soluble transferrin receptors, sTfR-
ferritin index, zinc protoporphyrin/heme ratio (ZPP/H), and 

  Fig. 19.2    Hepcidin and iron 
transport       

   Table 19.2    Iron content in mg per 100 g of various food sources  [  11  ]    

 High ( ³ 5 mg/100 g food) 
  Cocoa 
  Chicken 
  Cashew nuts 
  Oat bran 
  Organ meats 
  Spirulina 
 Moderate (1–5 mg/100 g food) 
  Dried fruits and nuts: Almonds, pecans, raisins,  fi gs, dates 
  Whole grain wheat  fl our 
  Fruits: Artichokes 
  Egg yolk 
  Shrimp,  fi sh 
  Domestic lamb 
  Pork 
  Vegetables: Spinach, beans 

 Low ( £ 1 mg/100 g food) 
  Vegetables: Lettuce, cabbage, broccoli, potatoes, asparagus 
  Fruits: Bananas, peaches 
  Orange juice, lemon juice 
  Coffee 

 



180 T.S. Dharmarajan et al.

reticulocyte hemoglobin concentration  [  18  ] . Transferrin 
receptor concentrations are high in iron de fi ciency. 

 Hypochromic, microcytic anemias (HMAs) are not solely 
from iron de fi ciency  [  16  ] ; they also occur in anemia of chronic 
disease, rarely vitamin B2 de fi ciency, thalassemia major, beta 
thalassemia trait, sideroblastic anemia, hemoglobin H dis-
ease, hereditary transferrin de fi ciency, aferritinemia, and lead 
poisoning. Table  19.3  provides a differential diagnosis.   

   Treatment of Iron De fi ciency  [  18,   19  ]  
   Iron Replacement    
 Total iron de fi cit can be calculated using Ganzoni formula: 
body weight [kg] × (target hemoglobin-actual hemoglobin) 
[g/dL] × 2.4 + depot iron [mg]. Iron may be replaced either 
via oral or parenteral route based on the de fi cit of iron, toler-
ance for formulation, and patient’s condition. Iron can be 
safely supplemented in oral forms. Formulations vary in ele-
mental iron content but are approximately of similar bio-
availability; individual tolerance is variable (Table  19.4 ). 
Side effects are gastrointestinal and the main basis for poor 
adherence to oral therapy; they include nausea, vomiting, 
anorexia, altered taste, constipation, black discoloration of 
stools, and diarrhea. Oral iron formulations may interact and 
alter bioavailability of nutrients and medications. Ascorbic 

acid and orange juice increase iron bioavailability, as also 
meat, poultry, and  fi sh  [  20  ] . Iron preparations may decrease 
the absorption and ef fi cacy of levothyroxine, bisphospho-
nates, quinolones, tetracyclines, and captopril among others 
(Table  19.1 ).  

 It may be best to initiate oral iron with one pill daily (e.g., 
ferrous sulfate 325 mg) and if tolerated increase the dose to 
two or three times daily  [  21  ] . Oral iron is available as ferrous 
sulfate, fumarate, gluconate, succinate, and as polysaccharide 
iron complex or in combination with ascorbic acid. The 
amount of oral iron consumed can make a difference; in a 
study of 90 adults aged >80 years, three different formula-
tions of oral iron (15, 50, and 150 mg doses) produced a simi-
lar response in improving ferritin levels and hemoglobin, but 
the highest intolerance to oral iron, manifested as gastrointes-
tinal complaints was in the group receiving the largest dose 
 [  22  ] . Chronic use of proton pump inhibitors and H2 blockers 
impair iron absorption through reduction of gastric acidity. 
Replacement of iron matters, in that it is effective in iron 
de fi ciency anemia. It is not uncommon to come across older 
adults who remain anemic from iron de fi ciency because of 
blood loss years earlier. 

 Three generations of intravenous iron formulations exist. 
The oldest agent, iron dextran, is infrequently used for fear 

   Table 19.3    Differentiation of iron de fi ciency from other causes   

 Iron de fi ciency anemia  Anemia of chronic disease  Thalassemia  Sideroblastic anemia 

 Serum iron  Low (<15 ng/mL)  Low  Normal to high  Variable 
 Total iron binding capacity (TIBC)  High (>400  m g/dL)  Normal or low  Normal  Normal 

 Serum ferritin  Low (<15 ng/mL)  Normal or high  50–300 ng/mL  50–300 ng/mL 
 RBC morphology  Microcytic and 

hypochromic 
 Normocytic or microcytic  Microcytic, hypochromic 

(target cells) 
 Microcytic or 
ringed sideroblasts 

 Transferrin saturation  Low (<20%)  Low  30–80%  30–80% 
 Hb electrophoresis  Normal  Normal  Abnormal  Normal 

   Table 19.4    Parenteral iron formulations  [  18,   53,   54  ]    

 Formulation 
 Elemental iron 
content (mg/mL)  Comments 

 Iron dextran   50  Anaphylactic reactions; life threatening 1/100 patients exposed. Drug intolerance in 2.5%  [  53  ] . 
Less utilized today 

 Iron gluconate   12.5  Nausea,  fl ushing, headache, diarrhea can occur. 3.3 allergy episodes/million doses/year. Adverse 
drug events 29.5% by 4 weeks. Drug intolerance is 0.4%  [  53  ] . Life threatening adverse drug event 
(ADE) incidence: 0.9 per 10 6  doses  [  55  ]  

 Iron sucrose   20  Releases free iron rapidly into the systemic circulation, with increased susceptibility for infections. 
Administration of 200–300 mg over 2 h IV infusion is safe  [  54  ] . Life-threatening ADE incidence is 
0.6 per 10 6  doses  [  55  ]  

 Ferumoxytol   30  Large doses (510 mg) can be administered in less than half a minute without a test dose  [  53  ] . Fewer 
drug-related adverse events 

 Ferric carboxymaltose   50  Large doses can be provided in <15 min; equals ef fi cacy to iron sucrose. Up to 1 g (15 mg/kg) can 
be provided in a single dose without a test dose  [  56  ] . Adverse events: headache, dizziness, nausea, 
abdominal pain, constipation, diarrhea, and injection-site reactions  [  23  ]  

 Iron isomaltoside 1000  100  Up to 1.7 g (20 mg/kg) of iron can be administered in a single dose without requiring a test dose  [  56  ] . 
Contraindicated decompensated liver cirrhosis, hepatitis, and active rheumatoid arthritis  [  57  ]  
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of anaphylactic reactions. Subsequently iron administered as 
sucrose and gluconate preparations were better tolerated. 
The newest agents include ferric carboxymaltose and ferru-
moxytol, which are effective, well tolerated and can be pro-
vided in large doses. Parenteral iron is indicated when oral 
iron is poorly tolerated and along with the use of erythropoi-
etic stimulating agents which produce a functional iron 
de fi ciency. Ferric carboxymaltose can be given less fre-
quently in larger doses  [  23  ] . Although ferric carboxymaltose 
is expensive, it may be an option compared to iron sucrose 
(which requires multiple doses and more resource utiliza-
tion)  [  24  ]  (Table  19.5 ). Long-term use of iron formulations 
may increase the risk of atherosclerosis, infection, diabetes, 
and cardiovascular mortality  [  25–  27  ] . While treating iron 
de fi ciency, it must be borne in mind that higher iron stores 
may increase cancer risk; lower iron stores correlated with 
lower cancer risk in the Iron (Fe) in Atherosclerosis Study 
(FeAST) trial  [  28  ] .      

   Copper 

 Copper is an essential micronutrient involved in multiple 
body functions including mitochondrial respiration, synthesis 
of hemoglobin, iron metabolism, redox reactions, cofactor 

role in metalloenzymes, neuronal transmitter synthesis and 
transport mechanisms across synapses, lipid metabolism, 
in fl ammatory activity, etc.  [  29–  31  ] . Reference ranges in >50-
year age group are 10.7–16.5  m mol/L for men and 12.7–
19.5  m mol/L for women  [  32  ] . RDA for copper is 0.9 mg/day; 
the median intake of copper in the USA is 1–1.6 mg/day 
 [  33  ] . The major source of dietary copper include shell fi sh, 
nuts, legumes, liver, meats, and the germ of grains; cocoa, 
dried fruits, and vegetables are lower in content. Milk is low 
in content. 

   Copper Absorption, Transport, and Storage 

 Copper absorbed across the gastrointestinal tract binds to 
proteins (albumin, transcuperin) and amino acids; absorp-
tion is enhanced by dietary methionine, lectins, chlorides, 
carbonates, acetates, and sulfates and decreased by cysteine 
and molybdenum  [  29  ] . Dietary copper is absorbed from the 
stomach, duodenum, and proximal jejunum  [  29  ] . Copper 
stores are maintained by the portohepatic circulation  [  34  ] . 
Dietary copper content is up to 7 mg/day; most of the 
absorbed copper is transported to liver via portal vein and 
the rest excreted in feces  [  34  ] . Intracellular copper is regu-
lated by importers (CTR proteins) and exporters (ATP7A 
and B)  [  30  ] . CTR proteins are present in enterocytes, liver, 
and kidney  [  31  ] . Copper exporters ATP7A and B regulate 
copper excretion. Mutations in ATP7B lead to decrease in 
copper export from hepatocytes and neuronal cells leading 
to intracellular copper toxicity and Wilson’s disease  [  34  ] . 
The largest stores of copper are in liver (9%) and brain 
(7.3%)  [  35  ] . Between 65 and 95% of copper is bound to 
ceruloplasmin  [  34  ] . 

 Copper and iron interact in the absorption process. Iron 
de fi ciency is associated with increase in hepatic copper 
levels. Increased intake of inorganic iron salts lead to cop-
per de fi ciency; although there is iron accumulation, the 
interactions lead to anemia, which is often normocytic and 
hypochromic  [  36  ] . Copper de fi ciency alters iron metabo-
lism. Copper de fi ciency is associated with hip fractures 
 [  37  ] , anemia  [  38  ] , neutropenia, age-related macular degen-
eration  [  39  ] , and progression of atherosclerosis  [  40  ] . 
De fi ciency is implicated in the development of amyloid 
plaques and neuro fi brillary tangles in Alzheimer’s disease 
 [  35  ] . Ceruloplasmin and serum copper levels are used to 
detect de fi ciency, but are not sensitive tests. Although 
serum copper and zinc levels are not linked to mortality in 
older adults, the copper-to-zinc ratio is directly related to 
all cause mortality regardless of age, gender, and other 
confounding factors  [  41  ] .   

   Table 19.5    Iron–Zinc interactions with dietary ligands  [  45  ]    

 Dietary ligand  Mineral  Effects 

 Ascorbic acid  Iron 
 Zinc 
 Iron–zinc 

 Increase in iron uptake 
 No effect 
 Increase in iron uptake, none on zinc 

 Phytic acid  Iron 
 Zinc 
 Iron–zinc 

 Decrease in iron uptake 
 Decrease in zinc uptake 
 Decrease in iron and zinc uptake 

 Tartaric acid  Iron 
 Zinc 
 Iron–zinc 

 Increase in iron uptake 
 Increase in zinc uptake 
 Decrease in iron uptake, increase in zinc 
uptake 

 Tannic acid  Iron 
 Zinc 
 Iron–zinc 

 Decrease in iron uptake 
 Increase in zinc uptake 
 Decrease in iron uptake; increase in zinc 
uptake 

 Cysteine  Iron 
 Zinc 
 Iron–zinc 

 Increase in iron uptake 
 Decrease in zinc uptake 
 Decrease in iron and zinc uptake 

 Histidine  Iron 
 Zinc 
 Iron–zinc 

 Increase in iron uptake 
 Decrease in zinc uptake 
 Decrease in iron and zinc uptake 

 Methionine  Iron 
 Zinc 
 Iron–zinc 

 Increase in iron uptake 
 Decrease in zinc uptake 
 Decrease in iron uptake; increase in zinc 
uptake 
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   Zinc 

   Dietary Content and Absorption 

 Zinc is an essential micronutrient    with several functions. It is 
a component of over 250 enzymes including alkaline phos-
phatase, reverse transcriptase, DNA polymerase, and has 
roles in immune responses, apoptosis, bone metabolism, neu-
robehavioral, and gonadal functions  [  42,   43  ] . Zinc containing 
enzymes serve as scavenging free radicals and are implicated 
in the aging process. Zinc is present in most organs; 85% of 
total body zinc (2–3 g)  [  44  ]  is in muscle and bone, the rest in 
liver, skin, and other tissues. Zinc bioavailability is high from 
foods such as shell fi sh, oysters, crab, pork, beef, and chicken, 
but low from vegetarian diets such as legumes, nuts, whole 
grains, and seeds  [  20  ] . Zinc absorption varies with the food 
source, intake of other nutrients, and perhaps body stores. 
Twenty to 40% of oral zinc is absorbed, mostly in the small 
intestine, less in the stomach and large intestine; absorption is 
increased by the presence of amino acids. 

 When dietary zinc is excessive or large amounts of zinc are 
administered over long periods of time, copper de fi ciency can 
result. While zinc induces intestinal metallothionein (MT), 
copper has greater af fi nity for MT than zinc and displaces 
zinc, getting trapped. Although zinc decreases copper absorp-
tion, conversely, copper does not affect zinc absorption. 
Supplemental iron provided as ferrous form has an inhibitory 
effect on zinc absorption, which is greater than for ferric iron; 
the basis is competition for uptake at the receptor level. The 
mechanism initially was attributed to competitive inhibition 
at the receptor level, but it is now believed to be a result of 
noncompetitive inhibition at the enterocyte  [  45  ]  (Table  19.5 ).  

   Requirements and Consequences of De fi ciency 

 Daily requirement for zinc is 8 mg/day for women and 
11 mg/day for men  [  33  ] . Zinc de fi ciency is not uncommon in 
the elderly and is secondary to poor dietary intake, decreased 
absorption, and the use of medications such as loop diuretics 
which excrete zinc in urine  [  46  ] . 

 Zinc is mostly intracellular, with measures of serum zinc 
not an accurate re fl ection of total body stores; erythrocyte 
zinc may be a better indication. Clinical manifestations of Zn 
de fi ciency include dermatitis, diarrhea, aguesia, alopecia, 
immune dysfunction, impaired wound healing, night blind-
ness, age-related macular degeneration  [  47  ] , hypertension 
 [  48  ] , and osteoporosis  [  49  ] . Zinc is a component of therapy 
for the long-term management of macular degeneration. The 
cornea, a tissue with high zinc concentration, is affected by 
zinc de fi ciency   . Zinc dermatitis involves the extremities and 
adjacent to body ori fi ces.       
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         Introduction 

 Vitamin D de fi ciency has received much attention in the last 
several years and become a subject of discussion in the lay 
press and medical literature  [  1–  9  ] . Known as a sunshine vita-
min, its major role is in calcium homeostasis and skeletal 
health. Vitamin D truly is a prohormone rather than a vita-
min, requiring conversion to the active hormone form. 
Although structurally similar to a steroid hormone  [  7  ] , it is 
generally referred to as a vitamin, which includes vitamin D 

2
  

(ergocalciferol) and vitamin D 
3
  (cholecalciferol).  

   Prevalence and Epidemiology 

 Vitamin D de fi ciency prevalence has been referred to as a 
pandemic. In the United States, based on the National Health 
and Nutrition Examination Survey (NHANES) data (2005 
and 2006) half to two-thirds have circulating levels of 25-OH 
vitamin D (25OHD) below the 30–76 ng/mL range, with the 
mean levels 24 ng/mL for several age groups  [  10  ] . The preva-
lence of levels  £ 20 ng/mL was 41.6%  [  11  ] . Data suggests that 
40–100% of US and European older community adults are 
de fi cient in vitamin D; de fi ciency is highest in the older insti-
tutionalized and hospitalized, with 60% of nursing home resi-
dents and 57% of hospitalized vitamin D de fi cient  [  10–  13  ] . 

The issue is not solely an old age problem; the young are 
not immune either and are potentially at risk. Fifty-two per-
cent of Hispanic and black adolescents in Boston and 48% of 
white preadolescent girls in Maine had 25OHD levels below 
20 ng/mL  [  11,   14,   15  ] , indicating a need for effective inter-
vention  [  16  ] . Dress style is an in fl uence, with a higher preva-
lence in females described from Jordan  [  12  ] . In a pain clinic, 
93% of patients with nonspeci fi c musculoskeletal pain were 
de fi cient  [  17  ] . Those with chronic liver disease have a high 
likelihood of severe vitamin D de fi ciency  [  18  ] . 

 A role for vitamin D has been implicated in reducing the 
risk of many chronic disorders including type II diabetes, 
multiple sclerosis, rheumatoid arthritis, cancers, heart dis-
ease, and infections. The role of calcium is intricately linked 
to vitamin D, parathormone (PTH), and calcitonin  [  1–  4  ] .  

   Physiology: Vitamin D Metabolism 
and Functions 

 The sources for vitamin D are three: dermal synthesis, dietary 
sources such as salmon and fatty  fi sh, and supplements 
including multivitamins. With sunlight exposure, 7-dehydro-
cholesterol (provitamin D 

3
 ) in the epidermis and dermis is 

converted non-enzymatically to previtamin D 
3
 , which 

isomerizes to form D 
3
   [  19–  21  ] . Ozone ef fi ciently absorbs 

UVB radiation; little vitamin D formation occurs in the early 
morning and late afternoon. Vitamin D 

3
  from the skin and 

dietary vitamin D undergo sequential hydroxylation,  fi rst in 
the liver to 25(OH)D and then in the kidney to the biologi-
cally active form, 1,25-dihydroxyvitamin D (1,25[OH] 

2
 D). 

The highest circulating form of the vitamin is 25(OH)D, also 
the storage form, while the active metabolite is (1,25[OH] 

2
 D) 

 [  5  ] . Excessive solar UV-B irradiation does not lead to vita-
min intoxication because excess previtamin is photolyzed to 
inactive photoproducts  [  22,   23  ] . Melanin in the skin func-
tions similar to a sunscreen, decreasing synthesis. Further, 
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1,25(OH) 
2
 D may also regulate keratinocyte differentiation 

and negative feedback. Several factors, including serum 
phosphorus and parathyroid hormone (PTH), regulate renal 
production of 1,25(OH) 

2
 D. Calcium metabolism is regulated 

by 1,25(OH) 
2
 D through interaction with its major target tissues, 

the bone, and the intestine. 
 The 1,25(OH) 

2
 D ligand binds with af fi nity to the vitamin D 

receptor (VDR), to increase intestinal absorption of both cal-
cium and phosphorus. Musculoskeletal roles for vitamin D 
include bone formation, resorption and mineralization, and 
maintenance of neuromuscular function. Circulating 
1,25(OH) 

2
 D reduces serum parathyroid hormone (PTH) levels 

directly by decreasing parathyroid gland activity and indirectly 
by increasing serum calcium. 1,25(OH) 

2
 D regulates bone 

metabolism in part by interacting with the VDR in osteoblasts, 
releasing biochemical signals to form mature osteoclasts. The 
osteoclasts release calcium into the blood (Fig.  20.1 ).  

 With vitamin D de fi ciency, there is a signi fi cant decline in 
gut calcium and phosphorus absorption. The calcium absorp-
tion rises substantially with correction of vitamin D levels. 
Low calcium stores trigger an increased PTH release, in an 
attempt to restore calcium homeostasis by increasing renal 
tubular reabsorption of calcium, bone calcium mobilization, 
and enhancing the production of 1,25(OH) 

2
 D. In summary, 

PTH hypersecretion is the price paid to correct hypovitamin-
osis D and calcium de fi ciency; typically PTH levels begin to 
rise when 25(OH)D levels fall below 30 ng/mL  [  24  ] . This 
was perhaps one reason to set a lower acceptable range level 
for normal vitamin D status.  

   Calcium Metabolism 

 Calcium (Ca) homeostasis needs to be preserved for muscle 
contraction, nerve conduction, hormone regulation, and blood 
coagulation, besides other metabolic processes. Maintenance 
of body calcium stores is dependent on dietary intake, cal-
cium absorption from the gastrointestinal (GI) tract, and renal 
calcium excretion. With a balanced diet, roughly 1,000 mg of 
Ca is ingested daily and about 200 mg secreted into the GI 
tract in bile and other secretions. Depending on the circulat-
ing vitamin D levels, roughly 200–400 mg of Ca is absorbed 
from the intestine each day. The remaining 800–1,000 mg 
is lost in the stool. Ca balance is maintained through renal 
calcium excretion averaging 200–300 mg/day  [  25,   26  ] . 

 Both extracellular and intracellular Ca concentrations are 
tightly regulated by bidirectional Ca transport across the 
plasma membrane of cells and intracellular organelles. 
Ionized Ca acts as an intracellular second messenger and is 
involved in skeletal muscle contraction, excitation–contrac-
tion coupling in cardiac and smooth muscle, and activation 
of protein kinases and phosphorylation. Ca is also involved 
in the action of other intracellular messengers, such as cyclic 

adenosine monophosphate (cAMP) and mediates responses 
for gastrointestinal hormones such as glucagon, secretin, and 
cholecystokinin. 

 Despite the important intracellular roles, roughly 99% of 
body Ca is in bone, as hydroxyapatite crystals. Roughly 1% of 
bone Ca is freely exchangeable with extracellular Ca, and serves 
a buffer role. Total serum Ca concentration ranges from 8.8 to 
10.4 mg/dL (2.20–2.60 mmol/L), with 40–45% bound to plasma 
proteins, primarily albumin. The balance includes ionized Ca 
and a fraction complexed with ions such as citrate. Total Ca, the 
value obtained by laboratory measurement, includes protein-
bound, complexed, and ionized fraction. The physiologically 
active    form (which is the free Ca) is about 50% of the total Ca; 
it would be the relevant measure, but is technically dif fi cult and 
restricted to situations with altered protein binding.  

   Current Intake of Vitamin D and Calcium 

 NHANES (2005–2006) data estimated the average intake of 
vitamin D for males and females from foods alone ranged 
from 144 to 288 IU/day. Thirty-seven percent of the US popu-
lation used a dietary supplement containing vitamin D to 
enhance intake. Table  20.1  provides age-based vitamin D and 
calcium requirements. Over the past 20 years, mean serum 
25(OH)D concentrations in the USA have slightly declined 
among men, but not women; reasons were largely from simul-
taneous increases in body weight, reduced milk intake, and 
greater use of sun protection when outside  [  27–  29  ] .  

 The NHANES 2003–2006 data suggested that the mean 
calcium intake for males ranged from 871 to 1,266 mg/day 
depending on life stage group; for females, the range was 
748–968 mg/day. Groups falling below desirable intakes 
included women aged 51–70 years, and both men and women 
over 70 years. Overall, females are less likely than males to 
obtain recommended intake of calcium from food. About 
43% of the US population and most older women use dietary 
supplements containing calcium, which helped increase 
calcium intake, with some older women even exceeding the 
upper limit  [  27,   29,   30  ] . 

 Only 30   % of calcium ingested is actually absorbed in the 
gut and depends on the amount consumed (the ef fi ciency of 
absorption decreases as calcium intake increases), age, and 
life stage (absorption decreases with age). Hence    higher cal-
cium intake is recommended for females aged over 50 years 
and for both males and females older than 70 years, Vitamin 
D status plays an important role; components in food (phytic 
acid and oxalic acid) bind to calcium, inhibiting absorption. 
Foods with high levels of oxalic acid include spinach, collard 
greens, sweet potatoes, rhubarb, and beans. Foods high in 
phytic acid include  fi ber-containing whole-grains, wheat bran, 
beans, seeds, nuts, and soy isolates. High intakes of sodium, 
protein, and caffeine increase calcium excretion  [  31,   32  ] .  
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  Fig. 20.1    Vitamin D metabolism and it effects.  Dotted red line  denotes inhibitory effect       
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   Risk Factors for Vitamin D De fi ciency 

 The hitherto recommended intake of 400 IU/day has been 
questioned as being very low. Poor intake of vitamin D with 
insuf fi ciency is reported across all age groups, geographic 
regions, and seasons. As sunlight exposure is erratic, and 
propaganda about the relationship of sunlight to skin cancer 
is high, supplements are often the preferred option to achieve 
minimum recommended daily intakes. The tendency to 
remain indoors either as a preference or from disability, and 
excessive coverage of skin by clothing all impair dermal syn-
thesis. Obesity is associated with low levels of the vitamin, 
partly from inadequate exercise, decreased exposure to sun-
light and from sequestration of vitamin D in body fat  [  5  ] . 
Table  20.2  lists risk factors for vitamin D de fi ciency.  

 Recent guidelines from Canada and the USA issued 
within months differ signi fi cantly  [  29,   33  ] . The Canadian 
guidelines recommend a higher intake, while the US guide-
lines are more conservative and recommend lower amounts. 
The US guidelines have expressed skepticism in that several 
vitamin D related consequences are debatable and require 
further research.  

   Calcium De fi ciency and at Risk People 

   Diseases 

 Inadequate calcium intake is not associated with conse-
quences in the short term; circulating blood levels of calcium 
are maintained by tight regulation. Hypocalcemia results pri-
marily from disease (e.g., osteomalacia, gastrectomy, hypo-
magnesemia, malabsorption) or rarely as an adverse effect of 
from medications (e.g., loop diuretics). Manifestations with 
severe hypocalcemia include numbness and tingling in the 
 fi ngers, muscle cramps, convulsions, lethargy, and abnormal 
cardiac rhythm. If left untreated, calcium de fi ciency leads to 
tetany and death. Over time, inadequate calcium intake causes 
osteopenia and osteoporosis, with a higher risk for bone frac-
tures. Although frank calcium de fi ciency is uncommon, sub-
optimal dietary calcium intake leads to health consequences 
over time, most evident in the following situations.  

   Postmenopausal Women 

 Menopause leads to bone loss because decline in estrogen 
levels increases bone resorption and decreases calcium 
absorption. Annual decline in bone mass is 3–5% in the years 
immediately after menopause, with the decline below 1% 
per year after age 65. Merely increasing calcium intake does 
not fully offset this bone loss  [  34  ] . Amenorrhea secondary to 
reduced circulating estrogen levels or induced by exercise 
results in decreased bone mass and stress fractures  [  35  ] .  

   Lactose Intolerance 

 Lactose-intolerant individuals are at risk of calcium inade-
quacy as they tend to avoid dairy products. Lactase declines 
with age, with a higher incidence of lactose intolerance in the 
elderly. Data suggests that most people with lactose intoler-
ance can consume up to 12 g of lactose (present in 8 oz of 
milk), with minimal to no symptoms, especially if consumed 
with other foods; larger amounts of dairy products can be 
consumed if spread over the day and eaten with other dietary 
items  [  36  ] . Options to reduce symptoms include eating low-
lactose dairy products such as aged cheeses (cheddar and 
Swiss), yogurt, or lactose-reduced and lactose-free milk. To 
ensure adequate calcium intake, individuals with lactose-
intolerance must choose nondairy food sources or a calcium 
supplement  [  37  ] .  

   Vegetarians 

 Vegetarians might absorb less calcium than omnivores 
because they consume more plant products containing oxalic 

   Table 20.1    Age-based Recommended Dietary Allowance (RDA) for 
vitamin D and calcium  [  29  ]    

 Age group 
 Vitamin D 
(IU)  Calcium (mg) 

 Children (4–8 years)  600  800 
 Teenagers (9–18 years)  600  1,300 
 Adults (19–50 years)  600  1,000 
 Adults (51–70 years)  600  1,000 (males), 1,200 (females) 
 Older Adults (>70 years)  800  1,200 

   Table 20.2    Risk factors for vitamin D de fi ciency  [  1–  6,   8,   11,   19  ]    

 Older age, predisposed to associated with by several factors 
 Down regulation of vitamin D receptors with age 
 Darker skin pigmentation: less ef fi cient synthesis 
 Insuf fi cient exposure to sunlight: lack of UV-B rays 
 Medications that inactivate or impair vitamin D metabolism 
(e.g., anticonvulsants, rifampin, corticosteroids) 
 Obesity (body mass index > 30 kg/m 2 ): less outdoor activity, 
sequestration of vitamin 
 Sedentary lifestyle: less outdoor activity and exposure to sunlight 
 Excessive clothing: diminished exposure of skin to sunlight 
 Season: cold climates, time of day, lack of sunlight, latitude 
 Con fi nement to indoors 
 Use of sunscreens, can block most of the UV B ray effects 
 Living in high altitude 
 Malabsorption (celiac disease, short gut syndrome, gastric by-pass 
surgery, and others) 
 Chronic liver disease (decreased 25 hydoxylase activity) 
 Chronic kidney disease (decreased hydroxylase activity, renal losses 
with proteinuria) 
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and phytic acids. On the other hand, vegetarian diets which 
contain less protein than typical omnivore diets, are associated 
with lower calcium losses in urine  [  38  ] .   

   Sources of Vitamin D 

   Sunlight and Diet 

 Solar ultraviolet-B (wavelengths of 290–315 nm) irradiation 
is the primary source of vitamin D (other than diet) for most 
people. Dietary sources of vitamin D are limited: they include 
oily  fi sh such as salmon, mackerel, and sardines;  fi sh oils 
such as cod liver oil; and shiitake mushrooms. Several foods 
are forti fi ed in the USA, including milk, some yogurts, 
arti fi cial milk, some cereals, and margarine. Table  20.3  pro-
vides food sources of vitamin D  [  39–  43  ] .  

 Sun exposure and UV-B radiation (with a wavelength of 
290–320 nm) of uncovered skin converts cutaneous 7-dehy-
drocholesterol to previtamin D 

3
  and in turn to vitamin D 

3
 . 

Season, time and length of day, cloudiness, smog, skin melanin 
content, clothing, pigmentation, and sunscreen are all factors 
that in fl uence the extent of radiation exposure, effects, and 
vitamin D dermal synthesis. Ample opportunities help syn-
thesize vitamin D through sunlight exposure and increase 
hepatic and fat stores in spring, summer, and fall in most lati-
tudes. Cloud cover and shade reduce UV light exposure; like-
wise radiation does not penetrate glass adequately. Sunscreens 
with a sun protection factor (SPF) of 8 or more blocks most 
synthesis. Approximately 15–30 min of sun exposure between 
10  am  and 3  pm  at least 2–3 times a week to face, arms, legs 
or back without sunscreen may suf fi ce; another option is the 
use of commercial tanning beds that emit 2–6% UV-B radiation. 
If neither is possible, dietary sources or supplements are the 
only options left  [  1,   39,   40,   44,   45  ] . 

 Despite the importance of sunlight in vitamin D synthesis, 
it is prudent to limit skin exposure to UV rays. UV radiation 
is a carcinogen responsible for most skin cancers including 
metastatic melanoma. Lifetime cumulative UV damage to 
skin is also largely responsible for much of the extrinsic age-
associated cosmetic changes. The American Academy of 
Dermatology recommends photoprotective measures such as 
sunscreen as precaution. Data is inadequate to determine 
whether UV-B-induced synthesis of vitamin D can occur 
without a risk of skin cancer  [  46–  48  ] .  

   Dietary Supplements 

 While sunlight and dermal synthesis of vitamin D are good 
options, ultimately the practical option may be appropriate 
use of supplements in older people  [  49  ] . Vitamin D in supple-
ments and forti fi ed foods is available in two forms, D 

2
  (ergo-

calciferol) and D 
3
  (cholecalciferol) that differ chemically 

only in side-chain structure. Vitamin D 
2
  is manufactured by 

the UV irradiation of ergosterol in yeast, while vitamin D 
3
  is 

manufactured by irradiation of 7-dehydrocholesterol from 
lanolin and chemical conversion of cholesterol. The half life 
of D 

3
  is longer than D 

2
  and its bioavailability may be margin-

ally better. In practice there is little difference between the 
two. In chronic kidney disease especially stages 4 and 5, vita-
min D analogues may be required (Table  20.4 )  [  50  ] .    

   Table 20.3    Dietary sources of vitamin D  [  39–  42,   84  ]    

 Forti fi ed sources 
  Cereal 
  Milk, including soy or almond milk 
  Orange juice (some brands) 
  Yogurt (some brands) 
  Butter 
  Cheese, some, esp. cheddar 
  Margarine 
  Yolk of egg 

 100 IU per serving 
 100 IU per 8 oz 
 100 IU per 8 oz 
 100 IU per 8 oz 
 56 IU per 3.5 oz 
 100 IU per 3 oz 
 429 IU per 3.5 oz 
 20 IU per egg 

 Nonforti fi ed food sources 
  Dry mushrooms (shiitake) 
  Cod liver oil 
  Egg yolk 
  Mackerel (canned) 
  Salmon (canned) 
  Salmon (fresh, farmed) 
  Sardines (canned) 
  Tuna  fi sh (canned) 
  Cod liver oil 

 1,600 IU per 3.5 oz 
 400 IU per teaspoon 
 20 IU per yolk 
 250 IU per 3.5 oz 
 300–1,000 IU per 3.5 oz 
 100–250 IU per 3.5 oz 
 300 IU per 3.5 oz 
 230 IU per 3.6 oz 
 1,360 IU per tsp 

   Table 20.4    Vitamin D: forms and doses  [  1,   3,   5,   42,   50  ]    

 Form of vitamin D  Dose  Comments 

 Ergocalciferol (D 
2
 )  Capsule, tablets, drops, syrup: 

100–50,000 IU 
 Injection: 300,000–600,000 IU 

 Used for forti fi cation and in supplements. Half life: 8–10 days 

 Cholecalciferol (D 
3
 )  Tablets, caps: 400–50,000 IU  Used in forti fi ed food. Half life: 25–30 days 

 Calcifediol (25-hydroxy vitamin D 
3
 )  Capsules: 20, 50  m g  Used in presence of liver disease 

 Calcitriol (1,25-dihydroxyvitamin D 
3
 )  Capsules: 0.25–0.5  m g 

 Oral solution: 1  m g/mL 
 Injection: 1–2  m g/mL 

 Used in presence of chronic kidney disease 

 Dihydrotachysterol (synthetic analogue of D 
2
 )  Tablets: 0.125, 0.2, 0.4 mg 

 Solution: 0.2 mg/mL 
 Capsules: 0.125 mg 

 Vit D analogue for CKD. Rapid onset of action 



190 T.S. Dharmarajan and A. Sohagia

   Sources of Calcium 

   Food 

 Milk, yogurt, and cheese are rich natural sources of calcium 
and major food derivatives of the nutrient. Nondairy sources 
include vegetables, such as Chinese cabbage, kale, and broc-
coli, but the bioavailability does not match dairy sources. 
Most grains do not have high amounts of calcium unless 
forti fi ed; however, they do contribute dietary calcium because 
grains are consumed often and are a major dietary compo-
nent. Forti fi ed foods include several fruit juices, tofu, and 
cereals (Table  20.5 )  [  49,   51  ] .   

   Dietary Supplements 

 The two main calcium supplements are carbonate and citrate. 
Calcium carbonate is both inexpensive and easily available. 
While carbonate has more elemental calcium than citrate (40% 
vs. 21%), the latter may be better absorbed in the presence of 
reduced gastric acidity. Citrate may be marginally more expen-
sive. In the  fi nal analysis, there is little to substantiate one over 
the other. Other calcium forms include gluconate, lactate, and 
phosphate. Calcium citrate malate is a well-absorbed form in 
some forti fi ed juices. Calcium carbonate is absorbed most 

ef fi ciently when it is consumed with food, and in the presence 
of acid, whereas calcium citrate is absorbed irrespective of the 
gastric food and acid content  [  52  ] . Calcium citrate    may be a 
better choice in presence of reduced gastric acid states from 
use of proton pump inhibitors. 

 The percentage of calcium absorbed depends on the total 
amount of elemental calcium consumed at a given time; as 
the amount increases, the percentage absorption decreases. 
Absorption is highest in doses  £ 500 mg. Hence, larger doses 
of calcium such as 1,000 mg/day are best split several times 
daily. Gastrointestinal side effects include a variable combi-
nation of gas, bloating, and constipation; more recently cal-
cium supplements have been linked to nephrolithiasis with 
long-term use  [  52,   53  ] .   

   Gastrointestinal Factors Contributing 
to Vitamin D Insuf fi ciency 

 Aside from inef fi cient cutaneous synthesis of vitamin D (four 
times less in the old than young adults), vitamin D insuf fi ciency 
results from drug nutrient interactions and increase in body 
fat. Aging is associated with down regulation of VDRs. 
Medication effects are complex and occur by inducing the 
CYP enzymes and inactivation of the vitamin in the liver. 
Statins, calcium channel blockers, and digoxin interfere with 
vitamin D synthesis when consumed together. Estrogen, iso-
niazid, and thiazide diuretics raised blood vitamin D level 
while antacids, anti-seizure medications (phenytoin, pheno-
barbital), cholestryamine, and rifampin decrease vitamin D 
levels  [  54,   55  ] . Corticosteroids reduce calcium absorption and 
impair vitamin D metabolism, contributing to osteoporosis. 

 Older adults suffer from several gastrointestinal disorders 
that predispose to de fi ciency, including any cause of malab-
sorption (celiac disease, chronic pancreatitis, short gut syn-
drome, Crohn’s disease, among others)  [  55–  58  ] . Patients 
presenting for bariatric surgery may be expected to develop 
insuf fi ciency and need lifetime monitoring for metabolic 
bone disease from vitamin D and calcium de fi ciency  [  59–
  61  ] . Hepatic causes such as end stage liver disease particu-
larly biliary cirrhosis, cholestatic liver disease, and alcoholic 
cirrhosis are all associated with defective 25 hydroxylation; 
the AASLD (American Association for the study of Liver 
Diseases) recommends vitamin D and calcium supplements 
in these situations (Table  20.6 )  [  18  ] .   

   Manifestations 

 Patients with osteomalacia may be asymptomatic or present 
with skeletal consequences include bone pain (best elicited 
by exerting pressure on the bone), bilateral proximal muscle 
weakness (myopathy), gait and balance abnormalities, and a 

   Table 20.5    Common foods source for calcium  [  27,   32,   51,   52  ]    

 Food source  mg/serving 

 Dairy products 
  Yogurt, plain, low fat, 8 oz 
  Milk, buttermilk, 8 oz 
  Cheddar cheese, 1.5 oz 
  Milk, reduced-fat (2% milk fat), 8 oz 
  Milk, whole (3.25% milk fat), 8 oz 
  Mozzarella, part skim, 1.5 oz 
  Ice cream, vanilla, ½ cup 
  Cottage cheese, 1% milk fat, 1 cup unpacked 
  Swiss cheese 2 oz 
  Chocolate milk, 1 cup 
  Romano cheese, 1.5 oz 

 415 
 285 
 306 
 297 
 291 
 275 
  85 
 138 
 438 
 280 
 452 

 Non-dairy products 
  Bread, white, 1 oz 
  Bread, whole-wheat, 1 slice 
  Broccoli, raw, ½ cup 
  Salmon, pink, canned, solids with bone, 3 oz 
  Orange juice, calcium-forti fi ed, 6 oz 
  Spinach, cooked, ½ cup 
  Okra, cooked ½ cup 
  Ready-to-eat cereal, calcium-forti fi ed, 1 cup 
  Soy beverage, calcium forti fi ed, 1 cup 
  Tofu ½ cup 
  Sardines 3 oz 
  Oatmeal, plain and  fl avored, forti fi ed, 1 packet 
  White beans, canned ½ cup 

  31 
  20 
  89 
 181 
 200–260 
 120 
  88 
 100–1,000 
 368 
 253 
 325 
  99–110 
  96 
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consequent higher risk for falls (Table  20.7 ). When symp-
tomatic, the levels are likely to be quite low. Data suggests 
that physical performance improves in adults aged 70–89 
years with increase in 25(OH)D levels to over 20 ng/mL 
 [  62  ] . Osteomalacia in older adults commonly coexists with 

osteoporosis; however, the clinical manifestations and evalu-
ation differ. While osteomalacia is a qualitative disorder from 
failure of mineralization of bone (and can result from causes 
other than vitamin D de fi ciency), osteoporosis is a quantita-
tive disorder (Table  20.8 )  [  63,   64  ] .    

   Vitamin D and Extraskeletal Health 

 Mounting evidence suggests that vitamin D de fi ciency may 
be linked to several chronic disorders, including cancer and 
cardiovascular disease  [  65  ] . VDRs in brain, prostate, breast, 
colon, pancreas, heart, skin, and cells of immune system 
bind to the active 1,25(OH) 

2
 D to regulate numerous genes 

that regulate cell proliferation, differentiation, apoptosis, 
and angiogenesis. Vitamin D controls genomic signaling 
pathways, with a potential role in diverse conditions such 
as psoriasis, diabetes mellitus type 1 and type 2  [  1,   66,   67  ] , 
rheumatoid arthritis, multiple sclerosis, hypertension  [  20, 
  68  ] , heart disease including heart failure  [  69  ]  and cancer 
(e.g., colon, breast, prostate). A link to neurocognitive 
functioning is claimed  [  70  ] , as also an association with 
odds of frailty in older women  [  71  ] . Vitamin D replete 
states may reduce costs of care and confer survival bene fi ts 
in critical illness  [  72  ] . Finally, a prospective study of the 
over 65 age group in NHANES III showed the risk of death 
to be 45% lower in those with 25(OH)D values over 40 ng/
mL  [  12,   73  ] , a  fi nding supported by another meta-analysis 
 [  74  ]  (Table  20.7 ).  

   Table 20.6    Vitamin D de fi ciency in common gastrointestinal disorders 
 [  55–  61  ]    

 Gastro intestinal disorders  Possible mechanism 

 Gastrectomy  Decrease intake, malabsorption, 
bacterial overgrowth 

 Gastric bypass  Malabsorption secondary to decrease 
absorptive surface area and dumping 
syndrome 

 Celiac disease  Malabsorption secondary to villous 
atrophy of proximal small bowel 

 In fl ammatory bowel 
disease 

 Malabsorption secondary to epithelial 
damage, small intestinal stricture or 
surgery (in Crohn’s disease), medication 
effect (steroid) 

 Primary biliary cirrhosis  Severe jaundice can decrease ability to 
absorb dietary vitamin D from the gut. 
Decrease in bile acid secretion contribu-
tory factor 

 Chronic liver disease 
including cirrhosis 

 Impaired synthesis, impaired absorp-
tion secondary to impaired bile acid 
production or gut edema associated 
with portal hypertension 

 Small intestinal bacterial 
overgrowth 

 Malabsorption of fat soluble vitamins 

 Exocrine pancreatic 
insuf fi ciency 

 Malabsorption with or without 
steatorrhea 

   Table 20.7    Manifestations and consequences from vitamin D 
de fi ciency  [  22,   33,   42,   76  ]    

 Complaints and  fi ndings 
  Asymptomatic or silent, until marked de fi ciency occurs 
  Bone discomfort, pain and tenderness over long bones, ribs, and back 
  Pain is bilateral and symmetrical 
  Gait disturbance and impaired balance 
  Increased risk of falls 
  Generalized muscle weakness with poor endurance 
  Proximal muscle weakness and aches, bilateral and symmetrical 
  Low back pain 
  Hypocalcemia and features of tetany 
  Laboratory test abnormalities (calcium, phosphorus, alkaline 

phosphatase) 
  Osteomalacia, evidenced by radiographs or laboratory tests 
 Suggested, but not con fi rmed relationships 
  Immunomodulatory effects in: multiple sclerosis, type 1 diabetes, 

psoriasis, rheumatoid arthritis, in fl ammatory bowel disease, and 
periodontal disease 

  Susceptibility to infections 
  Association with depression and schizophrenia 
  Cardiovascular effects: hypertension, chronic heart failure 
  Uncontrolled cell growth and proliferation, with potential for 

cancer of the breast, colon, prostate, and others 

   Table 20.8    Comparison of osteoporosis and osteomalacia   

 Variable  Osteoporosis  Osteomalacia 

 Age of occurrence  Mostly older adults  Young and old 
 Causative factors  Age related; 

postmenopausal 
 Secondary: endocrine, 
drugs, smoking, 
myeloma, inactivity 

 Vitamin D or 
phosphorus 
de fi ciency, renal 
tubular acidosis, 
hereditary forms 

 Pathology  Mineral to matrix ratio 
remain normal 
 Bone mass reduced 

 Mineral to matrix 
ratio decreased 
 Bone mass variable 

 Bone volume  Decreased  Normal to decreased 
 Serum calcium, 
phosphorus 

 Normal  Normal to low 

 Serum alkaline 
phosphates 

 Normal  Normal to increased 

 25 OH vitamin D 
level 

 Normal  Low 

 De fi nite diagnosis  DEXA  Bone biopsy 
 DEXA  Value below mean  variable 
 Radiologic 
features 

 Axial skeleton predomi-
nantly involved with 
thinning of bone and 
proneness to fracture 

 Symmetric pseudo-
fractures or fragility 
fracture in appen-
dicular skeleton 
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   Assessment of Vitamin D Status 

 The serum 25(OH)D level is the standard measure of vitamin 
D status. While 1,25(OH) 

2
 D is the active form, the short 

circulating half life (4–6 h) provides labile and misleading 
levels. Laboratory measurements are not uniform or consis-
tent. The radioimmunoassay and competitive protein binding 
assays for 25(OH)D are fraught with technical dif fi culties; the 
recent switch has been to LC-MS (liquid chromatography 
tandem mass spectroscopy) which measures both 25(OH)D 

2
  

and 25(OH)D 
3
  quantitatively  [  3,   5,   6  ] . 

 There exists lack of uniform agreement with the terms 
“normal, insuf fi cient, and de fi cient” status. Vitamin D pre-
ferred (or desirable) blood level is 30–60 ng/mL (75–
150 nmol/L), insuf fi ciency is 21–29 ng/mL, and de fi ciency is 
<20 ng/mL; the normal range used by several laboratories is 
20–100 ng/mL (50–250 nmol/L). 

 In osteomalacia, calcium and phosphorus may be normal 
to low and alkaline phosphatase values normal to high; all 
three assays are normal in osteoporosis (Table  20.8 ). A low 
score in the Mini Nutritional Assessment scale is associated 
with a greater likelihood of lower vitamin D values  [  60  ] . 

 A bone biopsy in osteomalacia demonstrating lack of 
mineralization (or widening or osteoid) is diagnostic. DEXA 
scans, which are useful in osteoporosis, have no role in the 
evaluation of osteomalacia.  

   Vitamin D and Calcium Toxicity 

 Vitamin D intoxication (levels over 150 ng/mL) is rare but may 
be a result of intentional or inadvertent intake of large amounts 
for weeks. Recent data from a study in older women demon-
strated that the annual administration of 500,000 U vitamin D 
was associated with an increase in hypercalcemia, falls and 
fractures  [  75  ]  suggesting that large intermittent doses may be 
handled differently from smaller, regular long-term adminis-
tration. Thus falls may occur with both de fi ciency  [  76  ]  and 
intoxication. Vitamin D intoxication is associated with hyper-
calcemia, hyperphosphatemia, headache, nausea, vomiting, 
nephrolithiasis, vascular calci fi cation, and pancreatitis  [  77  ] . 
Patients with chronic granulomatous disorders may be sensi-
tive to the macrophage production of 1,25(OH) 

2
 D and resul-

tant hypercalcemia. Excessive sun exposure does not result in 
vitamin D toxicity, because of the protective mechanisms; a 
cut off in synthesis occurs through photodegradation of previ-
tamin D 

3
  and vitamin D 

3
 . It is claimed that toxicity is unlikely 

at vitamin D intake below 10,000 IU/day, with the Institute of 
Medicine (IOM) setting the upper limit at 4,000 IU/day  [  29  ] . 

 Chronic use of calcium supplements has come under scru-
tiny. Hypercalcemia can lead to vascular and tissue 
calci fi cation, with damage to heart, vessels, and kidneys  [  78  ] . 

The use of calcium (1,000 mg/day) and vitamin D (400 IU) by 
postmenopausal women was associated with a 17% increase 
in nephrolithiasis over 7 years in the Women’s Health Initiative 
study. Overall, hypercalcemia rarely results from dietary cal-
cium intake; it is most commonly associated with excessive 
use of supplements, primary hyperparathyroidism or malig-
nancy. The high intake of calcium from supplements, but not 
foods, has received attention for adverse outcomes. NHANES 
data (2003–2006) indicate that 5% of women over 50 years 
consume calcium (from foods and supplements) that exceeds 
the upper limits by 300–365 mg daily  [  79,   80  ] . A systematic 
review suggested that vitamin D supplements in moderate to 
high doses may reduce cardiovascular risk, whereas calcium 
supplements seem to have minimal cardiovascular effects 
 [  80  ] . In summary, the biological plausibility for the bene fi t of 
vitamin D in prevention of cardiovascular disease and diabe-
tes is not supported by consistent evidence; data from future 
research may provide clearer implications  [  81  ] .  

   Prevention and Treatment Strategies 

 Prevention and treatment guidelines have been recently released 
in USA  [  29  ]  and Canada  [  33  ] . The IOM US report based on 
evidence from observational studies suggests a level of 20 ng/
mL as acceptable to protect the majority against adverse out-
comes. The IOM recommendations for daily requirements dif-
fer with age groups; for adults aged 51–70 years, the RDA is 
600 IU/day for males and females; for those over 70 years it is 
800 IU/day  [  29  ] . Calcium intake for the age group 51–70 years 
is 1,000 mg/day for males and 1,200 mg/day for females; for 
those over 70 years, it is 1,200 mg/day  [  29  ] . 

 The Osteoporosis Canada guideline statement suggests 
that 25(OH)D levels be at least 30 ng/mL (75 nmol/L); the 
recommended intake of vitamin D for high-risk and older 
adults is 800–2,000 IU daily, with consideration for higher 
doses. In individuals being treated with medications for 
osteoporosis, a measure of vitamin D status is recom-
mended after 3–4 months of adequate supplementation; 
doses up to 2,000 IU are regarded as safe and do not require 
monitoring  [  33  ] . 

 A common    approach correct vitamin D de fi ciency is to 
administer 50,000 IU capsules of vitamin D 

2
  weekly for 4–8 

weeks and monthly thereafter  [  1–  5  ]  and levels repeated in 3 
months. An alternate option is 1,000–2,000 IU/day of vita-
min D 

2
  or D 

3
 . Intermittent doses may be metabolized differ-

ently from daily doses  [  5,   75  ] . Cutaneous exposure to sunlight 
or arti fi cial UV-B such as a tanning bed is an option. Exposure 
to direct sunlight is helpful, with darker skinned people 
requiring longer exposure. Patients with intestinal malab-
sorption, mild to moderate hepatic dysfunction, and those on 
anticonvulsants or corticosteroids may bene fi t from higher 
doses of 1,000 IU/day vitamin D 

3
  or 50,000 IU every 2 weeks; 
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those with chronic kidney disease may require analogues of 
vitamin D, such as calcitriol or paricalcitriol  [  6,   7,   22,   82  ] . 
Hypovitaminosis D was corrected by daily administration of 
2,000 IU D 

3
  for 6 months in most but not all older veterans in 

a recent study; the regimen appeared safe  [  83  ] . 
 More recently, the interaction between calcium and vita-

min D has received more emphasis. High calcium intake 
appears to increase the half life of 25(OH)D  [  84  ] . Trials sug-
gest better outcomes in lowering fracture risk with vitamin D 
and calcium combined than vitamin D or calcium alone  [  84  ] . 

  Key Points 

    Vitamin D de fi ciency is extremely common in all ages, in • 
all geographic zones, and frequently affects the geriatric 
population. Providers must identify the ones prone to 
defi ciency  [  85  ] .  
  The vulnerability of older patients results from impaired • 
dermal synthesis of the vitamin, lack of exposure to sun-
light, and inadequate consumption of the vitamin in diet.  
  Geriatric individuals at risk and the ones who present with • 
symptoms require testing for vitamin D status  
  Manifestations vary from being asymptomatic to presen-• 
tation with muscle and bone pains.  
  Gait and balance disorders are common, predisposing to • 
falls.  
  Diagnosis of vitamin D de fi ciency is easily con fi rmed • 
through a blood test for 25(OH)D.  
  The relationship of vitamin D status to several chronic • 
disorders has been raised, but awaits con fi rmation through 
further research.  
  Prevention and management are easy and inexpensive; • 
calcium is a required supplement with vitamin D.  
  The preferred form of calcium is through diet (dairy prod-• 
ucts) rather than supplements.  
  Vitamin D is best administered in smaller doses regularly • 
rather than large intermittent doses.          
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    Introduction 

 Based on epidemiologic data gathered from Afro-Asian coun-
tries, Burkitt and colleagues postulated that the high incidence 
of colon cancer, diverticulosis, irritable bowel syndrome, hem-
orrhoids, atherosclerosis, coronary heart disease, diabetes, 
obesity, hyperlipidemia, gallstones, hiatal hernia, and varicose 
veins in the western world are secondary to prolonged dietary 
 fi ber (DF) deprivation  [  1  ] . Currently, the general belief is that 
 fi ber is not the sole basis for the pathogenesis of these diverse 
disorders. However, there is general acceptance that DF is an 
essential dietary nutrient that cannot be designated as rough-
age. The United States Senate report of 1977, in a landmark 
publication on dietary goals,  fi rst recommended a change in 
the diet  [  2  ] . An awareness since created in the literature has 
not increased  fi ber intake to an acceptable level. 

   De fi nition: Plant Fiber and Dietary Fiber 

 Dietary  fi ber was originally de fi ned as the edible compo-
nent of plants resistant to digestion and absorption by 
humans in the small intestine, with complete or partial fer-
mentation in the large intestines. The current de fi nition by 
the US department of Agriculture includes functional  fi ber 
sources: polysaccharides, oligosaccharides, lignins, and 
associated substances  [  3  ] . DF is fermented by the colonic 
bacteria or excreted in the stool unchanged. Traditionally, 

the categorization of DF as water soluble or insoluble has 
stood the test of time  [  4  ] .  

   Types of DF 

     1.    Insoluble  fi ber (IF)
   (a)      Cellulose  is a polymer of glucose linked by beta 1,4 

bonds and is the basic and most abundant structural 
material of the plant cell wall. Cellulose differs from 
starch, also a polysaccharide, in that it is not digested 
in the human small intestine  

   (b)      Hemicelluloses  are non-cellulose polysaccharides, 
which form the cell wall matrix, and are mostly the 
branched polymers of pentose and hexose sugars 
(xylose, arabinose, mannose, galactose, and uronic 
acid derivatives). These are insoluble in water, but 
soluble in alkaline medium.  

   (c)      Lignins  are non-carbohydrate polymers of aromatic 
alcohols and present in the encrusting substance of 
the mature plant cell wall, along with cellulose. As 
the plant matures, the lignin content increases with 
increasing rigidity. 

   The main sources for cellulose and hemicelluloses 
are bran products and whole wheat, while for lignins, 
they are cereal grains and potatoes.      

    2.     Soluble  fi ber  ( SF ) holds water and forms gels in the diges-
tive tract.
   (a)      Pectins  are complex mixtures of colloidal polysac-

charides which form the cell wall matrix and bind 
adjacent cell walls.  

   (b)      Gums  are exudates at the sites of injury to plants (gum 
arabic, gum karaya, sterculia urens, gum tragacanth) 
and are water-soluble polysaccharides.  

   (c)      Mucilages  are polysaccharides synthesized by plant 
cells which prevent the desiccation of the seed 
endosperm.  

   (d)       b -Glucans  are polymers composed of  b  linked glucose 
units, found mostly in barley grain. Other sources of 
 b -glucans include oats, mushrooms, and yeast  [  5–  8  ] . 
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Several studies demonstrate a bene fi cial effect for  b - 
glucan rich foods on serum cholesterol levels,  glycemic 
control, infection, and cancer prevention  [  9  ] . Higher 
doses of  b -glucans also modulate appetite by modify-
ing peptide YY, GLP-1, CCK, and ghrelin levels in 
overweight adults  [  10  ] . Peptide YY is a member of the 
pancreatic polypeptide family synthesized and released 
from the endocrine L-cells of ileum, colon, and rectum 
in response to food intake. Consumption of  b -glucan 
enriched bread reduces hunger and promotes early 
satiety  [  11,   12  ] .  b -Glucans have also been associated 
with lower and improved plasma cholesterol level and 
decreased glycemic index  [  13–  16  ] .         

 Whole grain foods, cooked dry beans, vegetables, fruits, 
nuts, and peas are plant-based sources of high DF content 
 [  17  ] . Oat bran, barley, legumes, fruits (apples, oranges, apri-
cots), and vegetables (carrots, brussel sprouts) are rich 
sources of SF. The commercial sources of pectin are citrus 
peels and apple residues after juice extraction. Certain sea 
weeds and seeds (agar, red algae, algin derivatives, brown 
algae, and carrageenan) are sources for gums. Gums are fre-
quently used as food additives because they form viscous 
solutions preventing aggregation of the small particles of the 
dispersed phase. They aid in keeping solids dispersed in 
chocolate milk and reduce crystal growth in ice cream. 
Examples include  fl ax seeds and psyllium seeds (Ispaghula). 

 The vegetable sources of  fi ber contain a mixture of solu-
ble and insoluble  fi bers in various concentrations. Bran is the 
husk of cereal grains. Commercially available  fi ber supple-
ments are derived from plant sources such as psyllium 
(Metamucil, Effersyllium) or semi-synthetic such as methyl 
cellulose or synthetic, such as calcium polycarbophil. 

 Whole grains include the entire grain seed termed the ker-
nel. Re fi ned grains are milled to remove the bran and germ 
from the grain. This is done to give grains a  fi ner texture and 
improve their shelf life, but in the process there is removal of 
dietary  fi ber, iron, and several B vitamins. Enriched grains 
are grain products forti fi ed with B vitamins (thiamin, 

ribo fl avin, niacin, folic acid) and iron. Most re fi ned grain 
products are enriched  [  17  ] . Clinical uses of high  fi ber diet are 
tabulated in Table  21.1 .   

   Physiological Properties of Dietary Fiber 

 Factors which determine physiological properties include 
ability to (a) retain water (b) form gel, increase viscosity, 
thereby increasing the bulk, (c) exchange cations (d) form 
products of bacterial degradation in the large intestine and 
(e) modulate immunity. 

 The  water holding capacity  is greater for soluble  fi bers 
such as pectins, gums, and mucilages than for insoluble 
 fi bers such as cellulose, hemicellulose, and lignins. 

 The  gel forming capacity  determines the viscosity of the 
luminal contents in the intestine. Water-soluble  fi bers are 
better gel formers than water-insoluble  fi bers. Gels act more 
like solids than liquids in the lumen. 

 Promotion of cytokine production (TNF- a  and IL-1- b ) is a 
property of  b -glucans. The cytokines bind to glucan receptors 
in macrophage and neutrophils that form part of the non-speci fi c 
immune system.  b -Glucans suppress secretion of superoxide 
anion and hydrogen peroxide, increases activity of natural killer 
cells and lymphokine activated killer cells  [  18,   19  ] . 

 Providing an energy source for colonic epithelial cells is 
another important physiological property. Short chain fatty 
acids (SCFAs) are partially absorbed into the circulation 
mediating favorable changes in glucose and lipid metabo-
lism  [  20–  22  ] .  

   The Physiologic Responses 

 These include (a) alterations in intestinal motility, (b) reduc-
tion of glycemic response and glycemic index, and (c) pos-
sible interference with nutrient absorption. Glycemic index 
describes the manner in which foods affect blood glucose 

   Table 21.1    Components and properties of dietary  fi ber chemical component predominant source effects   

 Water-insoluble 
  Cellulose 

  Hemicelluloses 

  Lignins 

 All plant cell walls 
 Wheat bran, peels of apples, and pears 
 Whole grains 
 All woody plant tissues 
 Cereal grains, potatoes 

 No effect on gastric emptying 
 No effect on glucose absorption 
 Decreases colonic transit time 
 Moderate binding of bile acids 
 No effect on cholesterol 
 Increase stool bulk and frequency of bowel movements 

 Water-soluble 
  Pectins 

  Gums 

  Mucillages 
   b -Glucan 

 Bananas, oranges, and apples 

 Oatmeal, legumes (guar, locust bean) 

 Psyllium, seeds, sea weed 
 Barley, oats 

 Delay gastric emptying 
 Improve in glucose tolerance 
 Normalize colonic transit time 
 Bind bile acids 
 Lower cholesterol 
 Increase stool bulk and frequency of bowel movements 
 Lowers cholesterol, reduces body weight, favorable 
alteration of serum glucose/insulin kinetics 



19921 Dietary Fiber in Health and Disease

level in the postprandial period, controlled for the carbohy-
drate. The glycemic load, the arithmetic product of the gly-
cemic index, and the amount of carbohydrate affect the 
postprandial sugar levels with different dietary items  [  23  ] . 
Highly processed grains have a high glycemic index (e.g., 
white rice) in comparison with minimally or unprocessed 
grains, fruits, legumes, and non-starchy vegetables which 
have a low glycemic index  [  24  ] . 

 The physiological properties of DF stated above and 
the physiological responses mentioned here are deter-
mined by a series of alterations of  fi ber containing food 
taking place during the transit down the intestine 
(Table  21.2 ). The clinical bene fi ts and potential side effects 
of DF result from interactions involving  fi ber at different 
locations of the gastrointestinal tract, as discussed below 
(Table  21.3 ).    

   Alterations in Gastrointestinal Function 

 A high  fi ber diet requires chewing, a process that stimulates 
saliva to neutralize regurgitated acid in the esophagus, and 
provides a potential therapeutic effect in GERD, besides 
 promoting dental hygiene. The amount of dietary  fi ber 
in fl uences meal size and caloric intake. Fiber-rich foods are 
not calorie dense and cause early satiety, a property bene fi cial 
in weight reduction.
    1.    Stomach: The action of DF on gastric emptying is vari-

able. Soluble  fi ber increases the viscosity of gastric con-
tents and delays emptying, while water-insoluble  fi ber 
either has no effect or enhances gastric emptying. The 
form of food is also important. Cooked whole rice grains 
leave the stomach slower when ground  [  25  ] . The rate of 
gastric emptying affects nutrient absorption. The blunting 

   Table 21.2    Proposed clinical bene fi ts for a high  fi ber diet   

 Disorders  Mechanism  Effects 

 Metabolic syndrome  [  33–  35  ]  
 Hypercholesterolemia  Increased excretion of fecal fat, neutral steroids, and fecal bile acids 

with compensatory bile acid synthesis from cholesterol 
 Selective lowering of LDL 

 Glucose intolerance  Slow gastric emptying 
 Increased viscous gel formation in the intestinal lumen 
 Stimulation of glycolysis and attenuation of gluconeogenesis by SCFA 

 Decreases glucose absorption 

 Obesity  Early satiety 
 Decreased gastric emptying 
 Decreased absorption of food 
 Increased insulin sensitivity 

 Weight reduction 

 Colonic  [  36–  39  ]  
 Constipation  Increased bulk and  fl uidity of feces 

 Shortened intestinal transit time 
 Promotes regular bowel movement 

 Diverticulosis  Lowers segmental contraction in sigmoid colon  Prevents hypertrophy of muscularis 
muscle and protrusion of pouches 
of mucosa through muscularis 

 Colon cancer and polyps  Reduces exposure time of colonic mucosa to carcinogens 
 Dilutes carcinogens because of increased water content 

   Table 21.3    Physiologic properties and clinical responses of  fi ber      

 1  2  3  4 

 Water holding  Gel formation  Bile acid sequestration  Colonic fermentation 

 Softens stool  Increases viscosity  Loss of bile acid in the stool  Increases bulk and produces 
intestinal gas and SCFA 

 ↓  ↓  ↓  ↓ 
 Reduces intracolonic pressures  Reduces glycemic index  Promotes production of bile 

acid from cholesterol 
 SCFA is absorbed Inhibits 
cholesterol synthesis  Reduces the need to strain  Delays gastric emptying 

 ↓  ↓  ↓  ↓ 
 Prevents 

 Constipation  Improves glycemic control  Reduces serum cholesterol  Prevents constipation 

 Hemorrhoids  Early satiety 

 Diverticulosis 
 Colon cancer 
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of glucose absorption (glycemic index) from a  fi ber-rich 
carbohydrate meal, rich in gums, is partly due to its effect 
on gastric emptying.  

    2.    Small intestine: DF may reduce the speed of absorption of 
nutrients by affecting the meal solubility in the aqueous 
phase. Digestion of foods containing soluble  fi ber with 
high viscosity is slower than foods containing insoluble 
 fi bers  [  26  ] .
   (a)     Lignins and gums bind bile acids in the intestinal 

lumen. The soluble  fi ber in oat bran binds phospho-
lipids, reducing their availability in the aqueous 
phase. The absorption of lipids is thus reduced and 
loss of bile acids is increased.  

   (b)     As a result of  fi ber containing viscous polysaccharides, 
the viscosity of intestinal contents increases decreasing 
the rate but not the total amount of nutrient absorption.  

   (c)     The water-insoluble  fi ber increases peristaltic activity 
and decreases intestinal transit time. Soluble dietary 
 fi ber has a variable effect on the transit time.      

    3.    Large intestine
   (a)     Undigested  fi ber increases fecal bulk and  fl uidity. 

Bacteria in the large intestine ferment soluble  fi ber. 
Cereal  fi ber is most effective in increasing fecal bulk 
because this  fi ber is incompletely degraded. Fiber 
from fruits and vegetables adds to fecal bulk, but is 
degraded and fermented to a greater degree by colonic 
micro fl ora, with the formation of SCFAs.  

   (b)     Prebiotics are de fi ned as non-digestible food ingredi-
ents that bene fi cially affect the host by selectively 
stimulating the activity of bacteria in the colon 
improving host health  [  27  ] . Examples of probiotics 
include oligosaccharides such as fructo-oligosaccha-
rides and galacto-oligosaccharides. The role of prebi-
otics is discussed in another chapter.  

   (c)     Recent evidence indicates that soluble  fi ber may be 
protective against Crohn’s disease by preventing 
 Escherichia coli  translocation. Soluble plant  fi ber in 
plantains and broccoli signi fi cantly blocked  E. coli  
translocation across specialized microfold (M) cells 
of the gut epithelium and Peyer’s patches. Further evi-
dence strengthens the immunoregulatory properties 
of DF  [  28  ] .           

   Recommendations and Actual 
Consumption of DF 

 The current recommendation for diabetic patients is 
25–50 g of  fi ber per day  [  29  ] . The average intake of DF 
for most Americans is 15 g/day  [  30  ]  which is far lower 
than the recommended intake of 14 g per 1,000 kcal 
according to Institute of Medicine based on data on the 
relationship of  fi ber consumption and CHD risk  [  31  ] . 

According to Nutrition Facts Panel, the recommended 
amount is 25 g in a 2,000 kcal diet. Any food is considered 
a “good source of  fi ber” if it has 10% of the recommended 
amount and an “excellent source of  fi ber” if it contains 
20% of the recommended amount, which translates to 2.5 
and 5 g per serving, respectively  [  4  ] . Dietary sources of 
 fi ber are listed in Table  21.4 , with foods of low  fi ber con-
tent in Table  21.5 .    

   Side Effects of DF    

 The most frequent problem encountered with a high  fi ber 
diet is poor acceptability and tolerance. The older adult not 
used to a high  fi ber diet may develop gaseousness, bloating, 
diffuse abdominal pain, and diarrhea. Tolerance improves if 
the quantity of  fi ber introduced to the diet initially is small 
and progressively increased. Due to dif fi culties encountered 
with chewing  fi ber-rich diets, older adults prefer fruit juices 
to fresh fruits. Overall, co-morbidities such as cognitive 
impairment, along with functional limitations such as 
oropharyngeal dysphagia, limit the intake of  fi ber-rich food 
in older adults. 

  Interference with mineral absorption —A concern raised 
based on in vitro experiments and short-term in vivo studies 
using large doses of a single source of DF is that a high- fi ber 
diet could reduce absorption of trace elements in the elderly 
particularly in those on marginal intake of minerals. Most 
natural  fi ber sources such as whole grains, fruits, and vegeta-
bles are excellent sources of micronutrients. A well-chosen 
vegetarian diet consumed over time does not cause mineral 
de fi ciency. The position of the American Dietetic Association 
is that appropriately planned total vegetarian diets are healthy, 
nutritionally adequate, and may provide health bene fi ts in 
certain diseases  [  32  ] . 

 Pancreatic enzyme inhibition and exaggeration of steat-
orrhea by a high- fi ber diet in patients with pancreatic exo-
crine insuf fi ciency is theoretical. Case reports suggest that 
colonic volvulus is more frequent in populations on a high-
 fi ber diet. 

  Key Points 

    Dietary  fi ber (DF) is plant material in the diet resistant to • 
digestion in the small intestine but can be digested to short 
chain fatty acids (SCFAs) in the large intestine.  
  Based on solubility DF is categorized as soluble and • 
insoluble.  
  Soluble  fi ber includes pectins, gums, and mucilages. • 
Dietary sources are oat bran, barley, legumes, fruits (apple 
pulp, oranges), and vegetables such as carrots.  
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  Insoluble  fi ber includes cellulose, hemicellulose, and • 
lignins. Bran products, whole wheat cereal grains, and pota-
toes mainly with skin are rich sources of insoluble  fi ber.  
   • b -Glucans are polymers of  b  linked glucose units, found 
in oats, barley, mushrooms, and yeast.  
  Physiological properties of DF are determined by their • 
ability to retain water, form gel, increase viscosity, 
exchange cations, form products of bacterial degradation 
in the large intestine, and immune modulation.  

  The physiologic responses are mainly altered gastrointes-• 
tinal motility, effects on nutrient absorption, and meta-
bolic responses such as glycemic control.  
  Therapeutic effects of DF are mostly documented in • 
hypercholesterolemia, glucose intolerance, obesity, and a 
variety of colonic disorders such as constipation, diver-
ticular disease, colon cancer, polyps, and hemorrhoids.  
  Potential side effects of DF include interference with • 
mineral (nutrient) and drug absorption, poor tolerance 

   Table 21.4    Sources of dietary  fi ber   

 Food  Standard portion size  Calories in standard portion  Dietary  fi ber in standard portion (g)      

 Beans (navy, pinto, black, kidney, white, great 
northern, lima), cooked 

 ½ Cup  104–149  6.2–9.6 

 Bran ready-to-eat cereal (100%)  1/3 Cup (about 1 oz)  81  9.1 
 Split peas, lentils, chickpeas, or cowpeas, cooked  ½ Cup  108–134  5.6–8.1 
 Artichoke, cooked  ½ Cup hearts  45  7.2 
 Pear  1 Medium  103  5.5 
 Soybeans, mature, cooked  ½ Cup  149  5.2 
 Plain rye wafer crackers  2 Wafers  73  5.0 
 Bran ready-to-eat cereals (various)  1/3 to ¾ cup (about 

1 oz) 
 88–91  2.6–5.0 

 Asian pear  1 Small  51  4.4 
 Green peas, cooked  ½ Cup  59–67  3.5–4.4 
 Whole-wheat English muf fi n  1 Muf fi n  134  4.4 
 Bulgur, cooked  ½ Cup  76  4.1 
 Mixed vegetables, cooked  ½ Cup  59  4.0 
 Raspberries  ½ Cup  32  4.0 
 Sweet potato, baked in skin  1 Medium  103  3.8 
 Blackberries  ½ Cup  31  3.8 
 Soybeans, green, cooked  ½ Cup  127  3.8 
 Prunes, stewed  ½ Cup  133  3.8 
 Shredded wheat ready-to-eat cereal  ½ Cup (about 1 oz)  95–100  2.7–3.8 
 Figs, dried  ¼ Cup  93  3.7 
 Apple, with skin  1 Small  77  3.6 
 Pumpkin, canned  ½ Cup  42  3.6 
 Greens (spinach, collards, turnip greens), cooked  ½ Cup  14–32  2.5–3.5 
 Almonds  1 oz  163  3.5 
 Sauerkraut, canned  ½ Cup  22  3.4 
 Whole wheat spaghetti, cooked  ½ Cup  87  3.1 
 Banana  1 Medium  105  3.1 
 Orange  1 Medium  62  3.1 
 Guava  1 Fruit  37  3.0 
 Potato, baked, with skin  1 Small  128  3.0 
 Oat bran muf fi n  1 Small  178  3.0 
 Pearled barley, cooked  ½ Cup  97  3.0 
 Dates  ¼ Cup  104  2.9 
 Winter squash, cooked  ½ Cup  38  2.9 
 Parsnips, cooked  ½ Cup  55  2.8 
 Tomato paste  ¼ Cup  54  2.7 
 Broccoli, cooked  ½ Cup  26–27  2.6–2.8 
 Okra, cooked from frozen  ½ Cup  26  2.6 

   Source : Ref.  [  40  ]   
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especially in the elderly because of gaseousness, bloating, 
diffuse abdominal discomfort, and diarrhea.  
  Daily requirement of DF is 38 and 25 g for adult men and • 
women respectively.          
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         Introduction 

 Globally, older adults make up a large percentage of the 
population, with the fastest growing segment in America 
being individuals age 85 and over  [  1  ]  .  While this can be 
attributed to improved access to health care, better socioeco-
nomic conditions and advances in medical technologies, the 
fact remains that healthy longevity as de fi ned by absence of 
a medical condition is not on the increase. Most of the older 
adults suffer at least one chronic condition by age 50 and 
many have multiple conditions  [  2  ] , such as hypertension, 
osteoarthritis, diabetes, and heart disease  [  3  ] . Alterations due 
to chronic illnesses (in fl uencing appetite and nutrient absorp-
tion), coupled with the physiological (Table  22.1 ) changes of 
aging  [  4–  6  ]  place the older adult at an increased risk for 
nutritional disorders, especially undernutrition.  

 Compounding this problem is the increased prevalence of 
overweight and obesity in the older adult with almost a third of 
over 60-year-old Americans having a body mass index (BMI) 
in the obese category  [  7  ]  .  This weight gain occurs mainly due 
to diminished energy expenditure relative to energy intake 
(Table  22.1 ). Studies also con fi rm that just a third of adults over 
age 60 engage in any type of regular exercise  [  8  ] . 

 The nutritional status of the older adult can thus be com-
promised in two ways: undernutrition or overnutrition. 
Although, there are reports of the obesity survival paradox  [  9  ]  
in older adults, a recent analysis of 19 well-controlled studies 
that included individuals age 19–84 revealed that those with 
BMI measurements 30–34.9 had a 1.44 greater risk of dying 
than those who had a BMI 22.5–24.9  [  10  ] . Obesity clearly 

places the older adult at increased risk for medical conditions 
that further compromise their health, mobility, and productiv-
ity. These changes that have been most dramatic over the last 
2 decades have resulted in a profound shift in the practice of 
clinical nutrition. From a time when nutrition experts and 
policy makers were concerned more about undernutrition and 
its impact on health, we now face an epidemic of obesity that 
is devastating to the health and wellness of the older adult. 
Just four of ten noninstitutionalized older men or women in 
America assess their heath as excellent or very good  [  11  ]  .  In 
addition, studies in the United States and elsewhere have 
revealed that certain subgroups of the elderly, namely the 
poor, those with little education, minorities and at times 
women have diets that are more likely to be de fi cient in essen-
tial vitamins and minerals. Data from a recent “Older 
Americans 2010”  [  12  ]  report reveal that in general, individu-
als aged 65 and over tend to meet diet quality standards for 
fruits, total grains, and meat and beans, however, the con-
sumption of vegetables, whole grains, and milk remain below 
standards. In addition, SoFAAS, i.e. Solid Fats (pizza, cheeses, 
butter, sausage, etc.), Alcoholic beverages, and Added Sugars 
(soda, donuts, energy drinks, etc.) contribute a large percent-
age of the saturated fat, sodium, and calorie intake in the older 
adult. Early interventions with appropriate diet and lifestyle 
recommendations can delay and even prevent potential 
adverse outcomes in those segments of the older population 
who consume unhealthy diets.  

   Healthy Diet Recommendations 

 The body’s needs for calories, essential vitamins, minerals, 
and even  fl uids  fl uctuate to keep pace with the physiological 
changes that accompany aging. Dietary requirements not 
only vary with age and from individual to individual, but 
change over the years. Counseling the older adult on a healthy 
diet can be viewed as “primary prevention” to promote health 
and prevent the development of nutritional disorders, or 
“secondary prevention” as part of a strategy against early 

      Healthy Diet for the Older Adult       

     Sirakarn   Tejavanija    and    Sunil   S.   Jhangiani          

  22

    S.   Tejavanija, MD, MS  
     Department of Endocrinology and Clinical Nutrition ,  Phramongkutklao 
Army Hospital and College of Medicine ,   Bangkok ,  Thailand  

      S.  S.   Jhangiani, MD, MBA, FACP, AGAF   (*)
     Division of Clinical Nutrition, and Gastroenterology & Department of 
Internal Medicine ,  Monte fi ore Medical Center (North Division) , 
  600 E 233rd Street ,  Bronx ,  NY   10466 ,  USA    
e-mail:  sjgimd@aol.com   

C.S. Pitchumoni and T.S. Dharmarajan (eds.), Geriatric Gastroenterology, 
DOI 10.1007/978-1-4419-1623-5_22, © Springer Science+Business Media, LLC 2012



206 S. Tejavanija and S.S. Jhangiani

   Table 22.1    Physiologic changes in aging that affect nutritional status   

 Body systems  Physiologic changes  Nutrition-related consequences 

 Energy metabolism  Decreased basal metabolic rate 
 Decreased energy expenditure from physical activity 

 Altered energy balance that leads to undernutrition 
or overnutrition 

 Body composition  Increased fat mass 
 Progressive generalized loss of skeletal muscle mass, strength, 
and function, (“sarcopenia”)  [  4  ]  
 Progressive bone loss 

 Sequestration of vitamin D in the excess adipose 
tissue 
 Osteoporosis 

 Oral cavity and Pharynx  Problems with swallowing 
 Dry mouth (xerostomia) 
 Poor dentition 
 Loss of taste 

 Inappropriate or unhealthy food choices 
 Lower nutrient intake 

 Endocrine system  Decreased estrogen, testosterone, and growth hormone levels 
 Insulin resistance 
 Decreased synthesis of Previtamin D 

3
  in the skin 

 Bone loss 
 Glucose intolerance 
 Risk of vitamin D de fi ciency 

 Gastrointestinal system  Reduced secretion of saliva and digestive enzymes 
 Hypo or achlorhydria 
 Slower peristalsis 

 Decreased bioavailability of nutrients 
 Decreased vitamin B12 and iron absorption 
 Constipation 

 Musculoskeletal system  Sarcopenia and osteoarthritis that may diminish mobility  Decreased energy expenditure relative to intake 
with weight gain 

 Renal system  Alterations in glomerular  fi ltration rate (GFR), diluting and 
concentrating ability of the kidneys 

 Dehydration or  fl uid overload 

 Nervous system  Anorexia of aging  [  5  ]  
 Blunted thirst regulation 
 Sensory impairment i.e. taste alteration (dysgeusia)  [  6  ]  
 Mood alterations, depression 

 Decreases food intake 
 Dehydration 
 Higher tendency to add salt or sugar to foods 
 Tendency to overeat with resultant overweight state 

disease, or “tertiary prevention” to address nutritional-related 
complications from disease. In this section, we focus on gen-
eral dietary recommendations for the older adult based on 
the 2010 dietary guidelines for Americans released in January 

2011(  www.dietaryguidelines.gov    )  [  13  ] , which encompass 
two overarching concepts for older adults (and all Americans); 
namely maintaining calorie balance to achieve and sustain 
healthy weight and a focus on consuming nutrient-dense 
foods and beverages. This is the  fi rst time that the U.S. gov-
ernment is directly calling on older adults who are over-
weight to not gain additional weight and to work toward 
healthy weight to reduce the risk of chronic disease and asso-
ciated disabilities  [  13  ]  .  

   Current Dietary Guidelines 

 In terms of a graphic nutrition tool, the latest plate-shaped 
icon (Choose MyPlate.gov) released by the U.S. Department 
of Agriculture (USDA) in mid 2011  [  14  ]  is simple and easy 
to understand. The different sections on this icon (Fig.  22.1 ), 
designed to complement the 2010 dietary guidelines, dem-
onstrate clearly the recommended food groups—with fruits 
and vegetables making up half the diet, with vegetables tak-
ing up a greater portion of the half. Grains and proteins (e.g., 
meat and  fi sh) occupy the other half, with grains taking up a 
larger portion. A smaller adjacent circle highlights the 
importance of dairy products. The protein section includes 
foods from meat, poultry, seafood, beans and peas, eggs, 
processed soy products, nuts, and seeds. With an emphasis 

  Fig. 22.1    My Plate Guide to Healthy Eating (Image courtesy of U.S. 
Department of Agriculture,   www.choosemyplate.gov    )       

 

http://www.dietaryguidelines.gov
http://www.choosemyplate.gov
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on lean or low fat meats and poultry choices, the new guide-
lines call for a step up in  fi sh/seafood (8 oz of cooked sea-
food per week) consumption. Beans and peas, nuts and 
seeds, and soy products can easily meet the protein require-
ments of vegetarians. Since oils provide essential nutrients 
they are represented in the USDA food patterns but are not 
listed as a separate food group. To understand the food 
group, the older adult is directed to the web site   www.
ChooseMyPlate.gov    , designed around the icon. While the 
plate is easier to understand the components of a healthy 
diet for consumers of all ages and diverse backgrounds; also 
referenced is the  Modi fi ed MyPyramid for Older Adults  with 
the different food icons distributed through vertical bands 
on the pyramid representing variety, portions, and good 
choices within each category  [  15  ]  .  The two-layered founda-
tion at the base represents the importance of  fl uids and phys-
ical activity and the  fl ag atop the pyramid, emphasizes the 
importance of calcium, vitamin D, and vitamin B12 in older 
adults (Fig.  22.2 ).   

 Table  22.2  summarizes the 2010 healthful dietary recom-
mendations for a representative older adult with prompts for 
good choices within each of the major food groups. Table  22.3  
summarizes areas of special concern for the older adult  [  16,   17  ]  
such as  fi ber,  fl uids, and other nutrients covered in the latest 

2010 dietary guidelines. Table  22.4  highlights potential strat-
egies for food safety practices that the older adult would  fi nd 
easy to follow.      

   Special Considerations 

   Whole Grains 

 Whole grains and their products contain all naturally-occurring 
essential nutrients of the entire grain seed and include brown 
rice, wild rice, buckwheat, bulgur (cracked wheat), oatmeal, 
popcorn, millet, whole rye, etc. “Re fi ned grains,” on the other 
hand are whole grains that are milled to remove the bran and 
germ and in the process they become devoid of dietary  fi ber, iron, 
many B vitamins, and other essential micronutrients. Whole 
grains, therefore are better sources of  fi ber and other nutri-
ents including selenium, potassium, and magnesium  [  16  ]  .  

 Recommended daily amount of total grain intake for men 
and women aged greater than 50 years old are 6 and 5 oz 
equivalents (servings), respectively  [  13  ] . At least 3 oz equiv-
alents  [  14  ]  should be from whole grains, with one ounce 
equivalent of grains being equal to 16 g of grains; 1 slice of 
bread; 1 cup of ready-to-eat cereal; ½ cup of cooked rice, 

  Fig. 22.2     The Modi fi ed 
MyPyramid for Older Adults . The 
food icons distributed throughout 
the Pyramid represent the good 
choices within each food 
category. The two-layered 
foundation solidi fi es the 
importance of hydration and 
physical activity. The  fl ag at the 
top denotes that some older adults 
may need additional vitamin D, 
vitamin B12, and calcium 
(Copyright 2007 Tufts University. 
For full article see ref.  [  15  ] )       
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   Table 22.2    Healthy diet for an older adult a    

 Food group  Daily recommended amounts  Good choices b  

 Grains  6 oz 
 3 oz from whole grains (50%) 

 Oatmeal, whole wheat pasta, brown bread, brown rice, bulgur, 
buckwheat, etc. 

 Vegetables  2.5 cups 
 Raw or cooked; fresh, frozen or canned. 
Preferably dark green and orange 
 Option: 100% vegetable juice 

 Broccoli, collard greens, carrots, butternut squash, sweet 
potatoes, pumpkin, lentils, tofu, eggplant, etc. 

 Fruits  Two cups 
 Fresh, canned, frozen or dried 
 Can be 100% juice 

 Apples, bananas, apricots, grapes, blueberries, kiwi, papaya, 
oranges, etc. 

 Dairy  3 cups of milk  Low or nonfat milk 
 Foods made from milk: yogurt, cheeses (American or Cheddar) 
 For lactose intolerance: milk alternatives from almonds, soy, 
rice, hazelnuts etc. 

 Meat and Beans  5 oz 
 Most of it from  fi sh, beans, peas, nuts, and seeds 
 Bake, broil or grill 

 Fish rich in Omega-3’s; salmon, trout, herring 
 Lima beans, split peas, red kidney beans, pinto beans 
 Chicken, turkey, eggs 
 Lean cuts of beef, pork etc. 

 Oils and Fats c   Five teaspoons 
 Prefer oils over solid fats 
 Limit saturated fats <10% of calories and 
cholesterol <300 mg 
 Trans fats: Negligible intake 

 Olive oil for salad dressing 
 Canola and soybean oil for cooking, walnut and sesame oil as 
 fl avoring agents 
 Prefer seafood over meat/poultry 
 Almonds, walnuts, avocados, seeds 
 Limit fried foods, margarine 

   a Based on a 1,800 cal food pattern for a 67-year-old female, 5 ft, 5 in. tall, weighing 155 lb, physically active 30–60 min a day with a BMI of 28. 
The amount recommended is with the intent of attaining a healthier weight 
  b While the older adult should be encouraged to increase the consumption of food items in the Good Choices column, they should be advised to 
decrease the consumption of re fi ned grains, starchy vegetables, whole milk, meats with visible fat, processed meats, and deep fried foods 
  c Total fat intake should be limited to 25–35% of calories, protein at 0.8 g/kg, and carbohydrates 45–55% of calories  [  14  ]  .  Saturated fats need to be 
reduced to <7% of calories and cholesterol <200 mg in older adults at high risk for cardiovascular disease  

   Table 22.3    Healthy diet for older adults: speci fi c considerations   

 Nutrients/other items  Daily recommended amounts  Good choices 

 Fiber  [  16  ]   Men: 30–38 g 
 Women: 21–25 g 

 Black beans, navy beans, pinto beans, whole grains, nuts, 
fruits, and vegetables, prefer foods over supplements 

 Fluids  [  17  ]   6–8 glasses of water (8 oz)  Soups and fruits which are high in  fl uid content, 
sip water frequently and with each meal and snacks 

 Calcium  1,000 mg: Men 51–70 years old 
 1,200 mg: Women >51 and Men >70 years old 
 Upper Limit: 2,000 mg 

 Low and nonfat milk, cheese, yogurt, broccoli 

 Vitamin D  600 IU: Men and Women, 51–70 
 800 IU: Men and Women, >70 
 Upper Limit: 4,000 IU 

 Fish, beef liver, forti fi ed milk, yogurt or cereal, 
sunlight exposure 

 Vitamin B12  2.4  m g  Beef, salmon, clams, tuna, dairy products, forti fi ed cereals. 
Vegans and vegetarians need supplements 

 Alcohol a   Females: One drink or less 
 Men: Two drinks or less 

 One drink is 12 oz of regular beer (5% alcohol), 5 oz of wine 
(12% alcohol) or 1.5 oz of 80% proof (40% alcohol) 
distilled spirits. One drink is 0.6 oz alcohol 

 Sodium  [  19  ]   1.5 g/day for adults >51 
 equals ¾ teaspoon salt 

 Minimize use of processed food, no adding extra salt 

 Potassium  Adequate Intake (AI) 4,700 mg  Potatoes, oranges, raisins, prune juice, dairy products 

   a Higher intake of alcohol is associated with impairment of activities of daily living, hence not included in the Modi fi ed MyPyramid  [  15  ]   
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cooked pasta, or cooked cereal; 1 6-in. diameter tortilla (6 in. 
diameter); 1 5-in. diameter pancake; or one and half table-
spoons of whole wheat  fl our. A recent National Institutes of 
Health/American Association of Retired Persons (NIH-
AARP) study involving 388,000 people aged 51–70 found 
that those consuming a high  fi ber diet including whole grains 
had a lower risk of dying over a 9 year period than those who 
consumed lower amounts of  fi ber  [  18  ]  .  

 Adding rolled oats to a cup of yogurt; trying whole wheat 
pasta instead of regular pasta; and using brown rice instead 
of white rice are some suggestions to increase consumption 
of whole grains.  

   Vitamins and Minerals 

 Except for a few speci fi c nutrients such as Vitamin D, 
Vitamin B12, and calcium, the once-promising approach of 
vitamin and mineral supplementation to promote health and 
prevent disease appears to have lost steam over the years 
 [  19  ] . There is also a growing concern amongst nutrition 
experts that high folic acid intakes may in fact increase the 
risk of cancer and other health problems  [  20  ] . Recent 
changes in the recommendations for vitamin D and calcium 
 [  21  ]  from the Institute of Medicine (IOM) continue to sug-
gest the importance of Vitamin D and calcium intake, but 
place limits on the amounts; as excessive consumption has 
not necessarily been proven to be bene fi cial and may predis-
pose to risk of kidney stones. 

 The physiologic decline in gastric acid secretion in the 
older adult or alteration in pH through use of H2 blockers or 
proton pump inhibitors may reduce the absorption of iron 
and vitamin B12. Inclusion of iron rich foods such as lean 
red meats, poultry, seafood, plant foods such as white beans, 
lentils, and foods enriched with iron such as breads and cere-
als can help maintain and improve iron status. Vitamin B12 
de fi ciency is associated with depression, neurological disor-
ders, memory, and hearing loss in older adults. While intake 
of B12 containing foods (Table  22.3 ) may help, the absorp-
tion of B12 is complex and interfered with by several steps in 

the pathway    (see Chap.   18    ); adults aged 50 and over, vegetarians 
and vegans would bene fi t from supplements of Vitamin B12 
for maximum health bene fi ts. 

 While numerous trace minerals, vitamins and other nutrients 
such as zinc, vitamins C and E, lutein, and beta-carotene have 
been promoted to help prevent or slow the onset of age-related 
macular degeneration, eating at least  fi ve or more servings of 
fruits and vegetables is the preferred means to obtain these 
vital nutrients. The just released 2010 U.S. Dietary Guidelines 
call for a reduction in the recommended daily sodium intake 
to 1,500 mg from the previous threshold of 2,300 mg/day for 
all adults aged 51 and over and those with diabetes, hyperten-
sion, and chronic kidney disease  [  13  ] .  

   Physical Activity 

 A healthy diet should be used in conjunction with adequate 
physical activity. Most older adults do not engage in ade-
quate physical activity. The 2008 physical activity guidelines 
for active older Americans  [  22  ] , aged 50 and over, call for 
moderate or vigorous aerobic and muscle-strengthening 
activities for at least up to 30 min a day. The American Heart 
Association (AHA) emphasizes both diet and physical activity 
among the seven components that help maintain good car-
diovascular health; the components being weight, diet, 
physical activity, blood sugar, cholesterol, blood pressure, 
and smoking status. Yoga is a light exercise which improves 
quality of life and is increasingly popular among older adults, 
involving stretch, massage, and strengthening of muscles. 
Yoga may be coupled to a healthy diet and exercise. 

 The different types of exercises are summarized in 
Tables  22.5  and  22.6 .     

   The Need to Deal with Global Issues 

 A United Nation’s Population Division has estimated that 
the world’s population will reach 9.2 billion in 2050, with 
the number of people over age 60 tripling from the current 
700 million to 2.0 billion  [  23  ] . Proper nutritional guidance 
thus takes on considerable importance from both a domes-
tic and global perspective to maintain the health and emo-
tional independence of the older adult. In all likelihood 
counseling the older adult on diet and physical activity will 
be a greater proportion of what health care professionals do 
in the near future. From a health services perspective, the 
United States Patient Protection & Affordable Care Act 
enacted in March 2010 makes it possible for older 
Americans covered under Medicare to receive free preven-
tive care services that incentivize health care providers to 

   Table 22.4    Practicing food safety: simple strategies for the older adult   

 Clean: Wash hands, utensils, and cutting boards before and after 
contact with raw meat, poultry, seafood, and eggs 
 Separate: Keep raw meat and poultry apart from foods that will not 
be cooked such as fresh vegetables to be used in salads 
 Cook: Use a food thermometer. You can’t tell if food is cooked 
safely by how it looks 
 Chill: Chill leftovers and takeout foods within 2 h and keep the 
refrigerator at 40°F or below 
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counsel the elderly on a healthy diet and exercise regimen. 
Furthermore, from a health policy perspective, the U.S. 
Department of Health and Human Services (HHS) recently 
released the Healthy People 2020 goals that re fl ect the 
nutrition and health concerns of older Americans with new 
measures that focus on people with dementias, including 
Alzheimer’s disease  [  24  ] . 

 Advances in nutritional science have clearly demonstrated 
limitations to the nutrient and supplement-based approach of 
prior years  [  25  ] . Food-based dietary guidelines as covered in 
this chapter; although generalized, hold promise for mitigat-
ing the risk of chronic disease as well as promoting health. 
To this effect, it becomes imperative that all essential nutri-
ents be derived from food sources; this will ensure that the 
older adult obtains not only the necessary macro and micro-
nutrients, but also the naturally occurring carotenoids, 
 fl avonoids, and iso fl avones  [  26  ] . Some researchers believe 
 [  27  ]  that a poor or near-poor older adult may not be able to 
afford healthful foods such as fruits and vegetables. However, 
economic data provided by the USDA and other sources sug-
gest that a diet could be made increasingly more healthful by 
shifting purchases toward more plant-based foods  [  28  ]  as 
alluded to in this chapter. It may be dif fi cult to change long-
standing habits in the old; for example, the overall consump-
tion of whole grains in the United States is low, as noted in 
the 1999–2004 National Health and Nutrition Examination 
Survey (NHANES) data; in the 51+ year age group, those 
who consumed the most servings of whole grains had better 
quality and nutrient intakes  [  29  ]  .  However, an analysis of 
13,562 abstracts and 481 articles for the United States 
Preventive Service Task Force concluded that counseling to 

improve diet and physical activity changed behavior and was 
associated with improvements in adiposity, blood pressure, 
and lipids  [  30  ]  .  Further, the role of low micronutrients as a 
cross-sectional and longitudinal correlates of mobility dis-
ability is consistent with studies con fi rming the bene fi ts of a 
diet rich in fruits and vegetables  [  31  ]  .  Finally, when follow-
ing the lifestyle factors of the oldest old, the centenarians, we 
learn that it is diet and nutrition (and activity) that play a 
signi fi cant role in their exceptional longevity and mainte-
nance of optimal cognitive, mental and physical health into 
advanced age  [  32  ]  .  

 Although the older adult population in America and glob-
ally is quite diverse, these healthful diet and lifestyle guide-
lines are associated with favorable outcomes with respect to 
the health, wellness, and quality of life regardless of race, 
ethnicity, and socio-economic status  [  33  ] . Efforts to prevent 
disability in the old should also include targeting the over-
weight and obese  [  34  ] . 

  Key Points 

    Favor vegetables, fruits, whole grain foods, and low fat • 
dairy products.  
  The diet must be appropriately balanced for portion sizes.  • 
  A healthy diet and physical activity go hand in hand.  • 
  Limit solid fats, salt, alcohol, and added sugars.  • 
  The needs for calcium, vitamin D, and vitamin B12 are • 
best individualized.          
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  Endoscopy is a safe procedure irrespective of age  [  1  ] . The 
chapter examines the risks, bene fi ts, and considerations with 
regards to esophagogastroduodenoscopy (EGD) and colonos-
copy in older adults. 

   Esophagogastroduodenoscopy 

 Upper endoscopy provides direct visualization of the esoph-
agus, stomach, and duodenum. It aids in the diagnosis and 
management of in fl ammatory, benign, and malignant pro-
cesses in these areas. It also provides a means to manage 
conditions such as esophageal variceal disease, removal of 
ingested objects, acute gastrointestinal bleeding, and peptic 
ulcer. Tables  23.1  and  23.2  outline the indications for and the 
possible  fi ndings on EGD.   

 Endoscopy in the elderly may be ef fi cacious in addressing 
the long-term consequences of re fl ux disease, including pep-
tic strictures. Older adults experiencing dysphagia or dys-
pepsia have higher probability of organic disease  [  2  ] . With 
regards to re fl ux disease and cost-effectiveness of EGD in 
patients aged over 60 years, endoscopy led to symptom and 
quality of life improvement as well as a 48% reduction in 
proton pump inhibitor use  [  3  ] . In a 65–89-year group who 
underwent EGD for dyspepsia, gastrointestinal blood loss, 
and suspected upper tract carcinoma, endoscopy uncovered 
radiologically undetected disease in 45% of these patients 
 [  4  ] . In nearly 25,000 patients with dyspepsia, when EGDs 
were performed by the same endoscopist in 77% of the cases, 
repeat EGD occurred at a low but substantial rate, with lower 
yield than the initial EGD, suggesting that optimizing the 

need for and timing of follow-up endoscopy is a priority  [  5  ] . 
Overall, EGD is a procedure with good diagnostic yield in 
older adults presenting with dyspepsia and dysphagia.  

   Colonoscopy 

 Colonoscopy provides a direct visualization of the large 
intestine. Colonoscopy allows a means to screen for colorec-
tal cancer, obtain biopsies, place stents, remove polyps, treat, 
or investigate acute and chronic bleeding, and dilate stric-
tures. Tables  23.3  and  23.4  outline the indications for 
colonoscopy and possible  fi ndings.   

 The incidence of colorectal cancer doubles each decade 
after age 40  [  2  ] . A study comparing the prevalence of neo-
plasia and mean gain in life expectancy in patients aged 
50–54, 75–59, and over 80 undergoing screening colonos-
copy with  fi ndings of higher prevalence of neoplasia and 
lower extension of life expectancy concluded that screening 
colonoscopy led to only a 15% expected gain in life expec-
tancy in the old  [  2  ] . The US Preventive Services Task Force 
recommends against screening colonoscopy in patients aged 
75 or greater due to the lack of evidence demonstrating 
bene fi ts outweighing risks  [  6  ] . Thus, in the elderly, colorec-
tal cancer screening or surveillance with colonoscopy should 
be individualized to the patient, based on comorbidity and 
life expectancy  [  1  ] . However, there appears a bene fi t to 
colonoscopy when the octogenarian experiences rectal bleed-
ing, iron de fi ciency anemia, and a positive fecal occult blood 
test. Additionally, increasing age, weight loss, rectal bleed-
ing and iron de fi ciency anemia are clinical characteristics 
that carry a higher predictive value for  fi nding carcinoma on 
colonoscopy  [  2  ] . 

 Colonoscopy in the old may be a challenging procedure. 
Success rates, de fi ned as being able to reach the cecum or 
ileocolic junction, vary from 48 to 94%, with rates directly 
related to the quality of the colonic preparation  [  2  ] . Extensive 
diverticular disease, common in older adults, can be a factor 
limiting a successful study. 
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 Poor colonic preparation is the single most important 
impediment to adequate colonoscopy in this group; the prep-
aration is less adequate compared to the young regardless of 
the type of preparation used  [  2  ] . Adequate colonic prepara-
tion is a problem in the older age group and presents barriers 
to proper visualization and completion of the procedure. As 
part of the preparation, the provider should address direc-
tions for the patient’s usual medications, revision of medica-
tions as indicated (e.g., insulin and antihypertensives) and 
take steps for the avoidance of falls from the preparation 
related volume loss. In a study, octogenarians were four 
times more likely to have poor colonic preparation compared 
to nonoctogenarians (16% vs. 4%), despite both groups ade-
quately tolerating the preparation  [  7  ] . With regards to bowel 
perforation during colonoscopy, patients 80 or older have a 
much higher incidence of perforation compared to the over-
all population (0.119% vs. 0.082%)  [  2  ] . 

 Overall, colonoscopy is an effective procedure in the 
elderly, but with slightly lower success rates; this may relate 
to inadequate  fl uid intake or reduced colonic motility 
in fl uenced by comorbidity and effect of medications.  

   Preprocedure Preparation 

 Prior to EGD or colonoscopy, cessation of oral intake for at 
least 6 h for solids and 4 h for liquids is recommended, with 
typically nothing to eat or drink after midnight prior to the 
procedure  [  8  ] . Patients are allowed to take medications with 
a sip of water. In diabetics, one-half the usual morning dose 
of insulin can be administered with the other half adminis-
tered with the post-procedure meal; oral hypoglycemic 
agents are withheld  [  8  ] . Patients are instructed to take certain 
medications, in particular anti-seizure, cardiac, and antihy-
pertensives with a sip of water. Herbal medications should be 
discontinued a few days prior to the procedure. Anticoagulants 
are discussed below. Aspirin for cardiac prophylaxis need 
not be discontinued pre-procedure. 

 Prior to colonoscopy, patients require a bowel prepara-
tion; caution should be exercised in using formulations 
(osmotic preparations) that cause  fl uid or electrolyte shifts in 
patients with renal or cardiac disease  [  9  ] . Additionally, mag-
nesium and phosphate preparations are best avoided in 
chronic kidney disease. In the elderly over 75 years, two 
studies found polyethylene glycol (PEG) and oral sodium 

   Table 23.1    Indications for esophagogastroduodenoscopy (EGD)  [  18  ]    

 High yield  Low yield 

 Dysphagia and odynophagia  Symptoms, that are 
functional in origin 

 Persistent abdominal symptoms despite 
therapy, including dyspepsia 

 Metastatic adenocar-
cinoma, if results do 
not alter management 

 Persistent vomiting, etiology unclear 
 Familial adenomatous polyposis syndromes 
 Bleeding, occult, acute, and chronic 
 Abnormal imaging 
 Achalasia 
 Treatment/surveillance of esophageal varices 
 Foreign body removal 
 Iron de fi ciency anemia 

   Table 23.2    Possible  fi ndings on EGD   

 Esophagus  Stomach  Duodenum 

 Esophagitis  Gastric folds (Menetrier’s)  Ulcers 
 Barrett’s esophagus  Erosions, gastritis and ulcers  Erosions 
 Esophageal carcinoma  Ulcer disease  Celiac disease 
 Diverticula (Zenker’s)  Malignant lesions  Polyps 
 Varices  Polyps  Duodenitis 
 Mallory-Weiss tears  Gastroparesis (retained food)  Diverticula 
 Achalasia  Pyloric obstruction 
 Motility disturbances  Portal hypertensive 

gastropathy 
 Gastric varices 
 Dieulafoy lesions 
 Bezoars 

   Table 23.3    Indications for colonoscopy  [  19,   20  ]    

 High yield  Low yield 

 Anemia—unexplained iron de fi ciency  Constipation 
 Bleeding—acute/chronic  Flatulence 
 Occult blood loss  Pain 
 Assessment for in fl ammatory disease  Change in bowel habits 
 Genetic cancer risk 
 Abnormal imaging 
 Screening/surveillance—colorectal cancer 
 Signi fi cant diarrhea—unknown etiology 
 Foreign body removal 

   Table 23.4    Possible  fi ndings on colonoscopy   

 Submucosal lesions (secondary carcinoma, large vessel hemangiomas) 
 Polyps 
 Carcinomas 
 In fl ammatory bowel disease (ulcerative colitis, Crohn’s disease) 
 Hemorrhoids 
 Diverticular disease 
 Angiodysplasias 

   Table 23.5    Most common side effects to colonoscopy preparations  [  9  ]    

 Electrolyte and  fl uid imbalance, worsening renal function 
 Abdominal discomfort 
 Dizziness 
 Bloating 
 Nausea and vomiting 
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phosphate (NaP) equally effective in bowel preparation; 
however, phosphates must be avoided in the presence of 
impaired kidney function  [  9  ] . Adverse effects of phosphate 
preparations include phosphate nephropathy, hyperphos-
phatemia and water and electrolyte imbalance  [  10  ] . Table  23.5  
lists the common side effects of colonoscopy preparations.  

 PEG is a nonabsorbable solution that passes through the 
bowel without net absorption or secretion, thus minimizing 
 fl uid and electrolyte shifts  [  10  ] . Isotonic PEG has been safely 
used in patients with serum electrolyte imbalance, advanced 
hepatic dysfunction, acute and chronic renal failure, and con-
gestive heart failure  [  10  ] . PEG does not alter the histologic 
features of colonic mucosa  [  10  ] . Table  23.6  lists options for 
bowel preparations.  

 The elderly are more likely to have pacemakers or implant-
able cardioverter de fi brillators (ICDs) in place; evaluation of 
these devices with the assistance of cardiology personnel 
should be considered prior to endoscopy as ICDs require to 
be inactivated prior to use of electrocautery  [  1  ] . With regards 
to required studies prior to endoscopy, screening for coagul-
opathy, chest radiography, preoperative ECG, blood typing, 
hemoglobin and hematocrit, routine urinalysis, and chemistry 
tests in otherwise healthy patients are not routinely recom-
mended  [  11  ] . However, laboratory testing may be individual-
ized based on the perceived level of risk as determined by the 
medical history or physical examination of the patient  [  11  ] .  

   Sedation, Analgesia, and Safety 

 The purpose of sedation and analgesia is to relieve patient 
anxiety and discomfort while improving the outcome of the 
study  [  12  ] . Most endoscopic procedures (EGD/colonoscopy) 
are performed with conscious sedation. Due to several rea-
sons, geriatric patients have increased sensitivity to sedation 
that may result in hypoxia and mild hypotension  [  12  ] . Hence, 
sedation should be provided with caution, and at an appropri-
ate dose by one familiar with the agents used. Pulmonary 
stress in the elderly was compared in adults over 60 years 

with those below 30, with measures of human atrial natri-
uretic peptide (hANP) and human natriuretic peptide (hBNP) 
levels post-procedure; the  fi ndings suggested increased atrial 
load during endoscopy, emphasizing the possibility of vol-
ume overload in the elderly during endoscopy  [  2  ] . Endoscopy 
suites must be adequately equipped with personnel trained to 
handle resuscitation. 

 Topical pharyngeal anesthetic sprays with lidocaine, tet-
racaine, and benzocaine may be used for upper endoscopy; a 
meta-analysis of pharyngeal anesthesia with intravenous/
intramuscular sedation indicated improved ease of  endoscopy 
or improved patient tolerance as judged by the endoscopist 
 [  12  ] . Potential side effects to topical pharyngeal anesthetic 
sprays include aspiration, anaphylactoid reactions, and meth-
emoglobinemia  [  12  ] . 

 The most common benzodiazepines used are midazolam 
and diazepam; most endoscopists prefer midazolam due to fast 
onset of action, short duration of action, and high amnestic 
properties  [  12  ] . Today meperidine is a drug that is limited or 
best avoided in older adults; nor-meperidine, its metabolite, 
accumulates in kidney disease and causes neurologic adverse 
effects. Likewise diazepam is generally avoided in older adults 
due to its long half live and adverse effects. Propofol is an 
ultrashort acting agent that provides sedative, amnestic, and 
hypnotic effects with no analgesic properties that should be 
dose reduced in the elderly due to decreased clearance of the 
medication  [  12  ] . The combination of propofol and midazolam 
are synergistic; a study of over 200 patients found a 59% 
reduction in the propofol dosage when also using midazolam 
 [  13  ] . In an analysis, 347 patients aged 70 or older with high-
level comorbidity (ASA score of class III or higher) who 
underwent endoscopy had a 28-day mortality rate of 2.9%, but 
had no procedure-associated mortality or major side effects 
 [  13  ] . In a prospective observational study on propofol sedation 
in 351 patients over 85 years, oxygen desaturation was more 
frequent  [  13  ] . In a retrospective comparative analysis of elderly 
with high comobidity, sensitivity to propofol was high, indicat-
ing that lower propofol doses should be used in this age group, 
although there was no signi fi cant increase in the complication 

   Table 23.6    Bowel preparations  [  10  ]    

 Name  Flavor  Comparison with gold standard 

 Colyte (PEG)  Yes (cherry, citrus-berry, lemon-lime, 
orange, pineapple) 

 Gold standard 

 GoLYTELY (PEG)  Yes (pineapple)  Gold standard 
 NuLYTELY (sulfate-free 
PEG) 

 Yes (cherry, lemon-lime, orange, pineapple)  Less salty, more palatable than PEG and comparable to PEG in 
terms of effective colonic cleansing and patient tolerance 

 TriLyte (sulfate-free PEG)  Yes (cherry, citrus-berry, lemon-lime, 
orange, pineapple) 

 Less salty, more palatable than PEG and comparable to PEG in 
terms of effective colonic cleansing and patient tolerance 

 Hal fl ytely (low-volume 
PEG) 

 Yes (lemon-lime)  Comparable to PEG in terms of colonic cleansing with 
improved patient tolerance 

  Instructions: (1) no solid food for at least 2 h prior to taking the solution. 240 mL (8 oz) every 10 min until rectal output clear or 4 L consumed. 
(2) Only clear liquids on the day of preparation. Four bisacodyl delayed-release tablets (5 mg) at noon. Wait for bowel movement or up to 6 h then 
240 mL (8 oz) every 10 min until 2 L are consumed  
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rate  [  13  ] . In a study where 241 patients aged over 90 under-
went endoscopy with propofol sedation over a 2-year period, 
low-dose propofol sedation was safe for this age group  [  14  ] .  

   Management of Anticoagulation 

 Considerations when preparing a patient on anticoagulants 
for endoscopy include the risk of complications of the under-
lying gastrointestinal disorder linked to anticoagulation, 
bleeding due to the endoscopic intervention carried out in 
this setting, and thromboembolic events related to the inter-
ruption of anticoagulation. Tables  23.7 ,  23.8 , and  23.9  pro-
vide the peri-procedure anticoagulation recommendations 
and risk of complications.    

 Aspirin and nonsteroidal anti-in fl ammatory drugs in stan-
dard doses do not increase the risk of signi fi cant bleeding 
after EGD with biopsy, colonoscopy with biopsy, polypec-

tomy, or biliary sphincterotomy. Elective procedures in 
patients with recently placed vascular stent or acute coronary 
syndrome should be deferred until the patient has received 
antithrombotic therapy for the minimum recommended time. 
In patients on dual antiplatelet therapy or monotherapy with 
a thienopyridine, consider continuing aspirin or starting aspi-
rin in the periendoscopic period.  

   Special Considerations in Geriatrics 

 Often, in the elderly, endoscopy may be indicated following 
acute illness, such as following an acute myocardial infarc-
tion. In such situations, the need for endoscopy must be 
weighed against safety considerations for each patient. 

 While preparing the patient for colonoscopy, pre-proce-
dure preparations have to be carefully monitored, especially 
in diabetics (on insulin) and those with heart disease sensi-
tive to volume changes and those prone to orthostasis. 
Precautions should be taken to avoid falls. Appropriate dos-
ing of medications in the pre- and post-procedure states must 
be addressed.. 

  Key Points 

    Endoscopy is a safe procedure irrespective of age.  • 
  In older adults, colorectal cancer screening or surveil-• 
lance with colonoscopy should be individualized based 
upon patient’s general health and comorbidity.  
  Caution should be exercised in choosing a bowel prepara-• 
tion. Isotonic polyethylene glycol is generally acceptable 
and has a reasonable safety pro fi le, including in those 
with hepatic, renal, or cardiac disease.  
  Geriatric patients are sensitive to sedation; caution must • 
be exercised with the choice of agent, rate of administra-
tion, and cumulative dose.  
  If on anticoagulants, considerations include bleeding • 
complications related to anticoagulation vs. thromboem-
bolic events arising from interrupting anticoagulation.          

   Table 23.7    Bleeding risk of procedures  [  15–  17  ]    

 Low bleeding risk procedures  High bleeding risk procedures 

 Diagnostic EGD  Colonoscopy with polypectomy 
 Flexible sigmoidoscopy  Gastric polypectomy 
 Colonoscopy with/without biopsy  Laser ablation and coagulation 
 Diagnostic ERCP  Endoscopic sphincterotomy 
 EUS  Pneumatic/bougie dilation of 

strictures 
 Push enteroscopy  PEG tube placement 

 EUS guided  fi ne needle aspiration 

   Table 23.8    Thromboembolic risk  [  15–  17  ]    

 Low thromboembolic risk 
conditions 

 High thromboembolic risk 
conditions 

 Deep venous thrombosis  Atrial  fi brillation in valvular 
disease 

 Chronic/paroxysmal atrial  fi brillation 
not associated with valvular disease 

 Mechanical valves, mitral 

 Bioprosthetic valves  Mechanical valves with prior 
thromboembolic event 

 Mechanical valves, aortic 

   Table 23.9    Bleeding/thromboembolic risk  [  15–  17  ]    

 Low bleeding risk  High bleeding risk/low thromboembolic risk  High bleeding risk/high thromboembolic risk 

 No adjustment in anticoagulation, 
irrespective of the underlying condition 

 Consider continuing ASA/NSAIDs  Continue ASA/NSAID 

 Elective procedures best avoided when 
INR is above therapeutic range 

 Warfarin therapy should be discontinued 
3–5 days before procedure 
 LMWH discontinued at least 8 h pre 
procedure (earlier in CKD) 
 Individualize reinstitution of clopidogrel 
therapy 

 Warfarin therapy is discontinued 3–5 days before 
procedure; begin LMWH concomitantly 
 LMWH therapy should be discontinued at least 
8 h before procedure; reinstitution individualized 
 Heparin discontinued 4–6 h before procedure; 
resumed 4–6 h after procedure 
 Individualize reinstitution of clopidogrel therapy 

   ASA  aspirin;  NSAID  nonsteroidal anti-in fl ammatory drug;  LMWH  low molecular weight heparin  
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  Wireless video capsule endoscopy (VCE) was  fi rst  introduced 
by Paul Swain, a gastroenterologist, in 2000  [  1–  3  ] . In 2001, 
the Food and Drug Administration approved the use of a wire-
less video capsule endoscope. Since then, gastroenterologists 
have gained the ability to directly visualize the entire small 
bowel mucosa  [  1,   3  ] , hereinto considered the “black box” of 
the gastrointestinal tract. VCE is an effective diagnostic tool 
to detect and manage obscure gastrointestinal bleeding 
(OGIB), iron de fi ciency anemia, in fl ammatory bowel disease, 
and tumors of the small intestine without the discomfort of 
an endoscope, need for intravenous sedation, air insuf fl ation, 
or radiation exposure  [  4,   5  ]  (Table  24.1 ). Over 750,000 VCE 
examinations have been performed, many in the over 65 age 
group  [  6  ] . With aging trends, VCE will be a useful and popular 
imaging study in the geriatric population  [  6  ] .  

   The Instrument 

 PillCam ®  SB (Given Imaging, Yokneam, Israel), an 
11 × 26 mm capsule-shaped camera, is powered by two bat-
teries to allow a total transit time of 7–8 h, suf fi cient for 
80–90% of capsules to reach the cecum and image the entire 
small bowel  [  1,   2,   7  ] . Improved technology has further 
extended battery time to provide increased imaging time 
(11 h for the MiroCam™) (IntroMedic (Seoul, Korea))  [  2  ] . 
Once removed from its magnetic holder, the disposable cap-
sule is activated; it contains four light-emitting diodes 

(MiroCam™ and EndoCapsule™ each with six light- 
emitting diodes) to illuminate the bowel lumen, an antenna, 
and two metal oxide semiconductor cameras to transmit the 
images to an external device for analysis and storage. Using 
a radiofrequency band signal all the images captured by the 
capsule are transmitted to a recording unit worn by the patient 
around the waist. Following the examination, the recording 
unit is connected to a computer to retrieve the images  [  3  ] . 

 Although VCE can be performed after an overnight fast 
and an empty stomach without intestinal cleansing, a bowel 
preparation, particularly in the elderly, enhances the visual-
ization of the mucosa, increases the likelihood of a complete 
cecal examination, and prevents smudging of the camera 
lens  [  1,   8  ] . A half-day bowel preparation using polyethylene 
glycol (PEG) enhances quality and diagnostic yield  [  2  ] . 
Patients fast 8–12 h prior to the procedure may drink hours 
after the capsule is swallowed. The ingested capsule pas-
sively travels through the gastrointestinal tract while the 
cameras in the capsule capture images at 2–3 color frames 
per second  [  2  ] . The capsule is evacuated usually 24–48 h 
later with stool  [  1  ] . Currently, capsules are available for the 
esophagus and small intestine; in the near future capsules 
will be available for large bowel  [  1,   9,   10  ] ; they are aptly 
named to diagnose speci fi c disorders of a given segment of 
the gastrointestinal tract. A complete examination of the 
small bowel is possible in over 80% of patients  [  11,   12  ] .  

   Indications for Wireless Capsule Endoscopy 
(Table  24.1 ) 

   Obscure Gastrointestinal Bleeding: 
Overt and Occult 

 Gastrointestinal bleeding has been traditionally divided into 
upper (above the ligament of Treitz) and lower GI bleeding. 
Following the invention of VCE and balloon enteroscopy, a 
change has been proposed to rede fi ne the location of GI bleed-
ing to include “mid-GI bleeding” (bleeding from the ampulla 

      Wireless Capsule Endoscopy       

     C.  S.   Pitchumoni       and    Neelam   G.   Gidwaney            

  24

    C.  S.   Pitchumoni, MD, MPH, FRCP(C), MACP, MACG, AGAF   (*)
     Clinical Professor of Medicine ,  Robert Wood Johnson School of 
Medicine, Drexel University School of Medicine ,   Adjunct Professor 
of Medicine ,  New York Medical College ,  Valhalla   ,  NY, USA    

   Chief, Gastroenterology ,  Hepatology and Nutrition ,   Saint Peter’s 
University Hospital, New Brunswick ,  NJ ,  USA    
e-mail:  pitchumoni@hotmail.com   

    N.  G.   Gidwaney, MD  
     Department of Internal Medicine ,  Robert Wood Johnson School 
of Medicine ,   New Brunswick ,  NJ ,  USA    



222 C.S. Pitchumoni and N.G. Gidwaney

of Vater to the terminal ileum)  [  13,   14  ] . The most common 
indication for VCE is OGIB, de fi ned as bleeding of unknown 
origin that persists or recurs following a negative initial esoph-
agogastric and colonoscopic evaluation  [  11,   15,   16  ] . OGIB 
(approximately 5% of GI bleeding)  [  16  ]  may be categorized 
as overt or occult; overt is de fi ned as clinically evident bleed-
ing and occult bleeding refers to situations where clinically 
evident bleeding is not apparent  [  14,   16  ] . OGIB sources are 
subtle mucosal lesions that do not cause signi fi cant small 
bowel deformity  [  17  ] . OGIB is most commonly from vascu-
lar ectasia (22–29%), followed by ulcers due to NSAID use, 
in fl ammatory bowel disease or of uncertain origin (6–12%) 
 [  11,   18  ] . Tumors of the small bowel account for 3–5% of 
OGIB  [  7,   19  ] . Establishing a diagnosis for OGIB can be 
dif fi cult, and incurs cost and time; extensive testing including 
small bowel radiology, EGD, push enteroscopy (to visualize 
small bowel mucosa 50–100 cm distal to the ligament of 
Treitz), balloon-assisted enteroscopy, and colonoscopy often 
fail to demonstrate the bleeding source  [  20–  23  ] . VCE has 
improved the diagnostic yield in these patients, identifying a 
bleeding source in about half of those with OGIB. When 
comparing VCE with CT angiogram, small bowel barium 
radiography, push enteroscopy, and cross-sectional imaging, 
VCE has a higher diagnostic yield in determining a cause for 
OGIB  [  20,   23  ] . VCE detects pathology in 87% of patients, 
with a miss rate of 10%, whereas other comparative modali-
ties detect pathology only in 13% of patients, with a 73% miss 
rate  [  24  ] . VCE can detect occult OGIB with iron-de fi ciency 
anemia (IDA) in 30–50% of patients and obscure OGIB with 
or without IDA in 50–80% of patients. Nonetheless, in roughly 
30% of IDA cases, a de fi nitive diagnosis cannot be made  [  16  ] . 
In obscure OGIB, the sooner the VCE is performed following 
the bleeding event, the greater is the diagnostic yield. When 
EGD and colonoscopy are negative, based on the clinical situ-
ation, VCE or angiographic study as a diagnostic procedure 
may be chosen  [  13  ] .  

   Anemia 

 The Third National Health and Nutrition Examination Survey 
(NHANES III 1998–1996) indicated that over nine million 
US citizens have anemia, with iron de fi ciency accounting for 
a  fi fth of the causes in the over 65 age group. Anemia is a 
marker for increased disease-related morbidity including 

hospitalization and mortality  [  17,   25  ] . VCE can help visual-
ize the small bowel following EGD and colonoscopy  [  14,   17, 
  25  ] . The most frequent lesions found in anemia are angiodys-
plasias, jejunal/ileal ulcers, tumors/polyps, erosive gastritis, 
Crohn’s disease, jejunal and ileal mucosal atrophy (celiac 
disease)  [  25  ] . 

 Missed cases of celiac disease on routine EGD exami-
nation are accidentally diagnosed following VCE. The 
 prevalence of celiac disease in the elderly and the clinical 
importance of diagnosing this disease are discussed in chap-
ter 52. The mucosal changes include mucosal atrophy (lack 
of villi), layering, mosaic pattern, scalloping, ulcerations and 
intussusception  [  17  ]  (Figs.  24.1 ,  24.2 , and  24.3 ).     

   NSAID-Induced Ulcers and Capsule Endoscopy 

 NSAID use is common among older adults and accounts for 
1–2% of serious gastrointestinal outcomes (ulceration, per-
foration, bleeding)  [  26  ] . NSAIDs increase gastrointestinal 
permeability 12 h following administration; in fl ammatory 
changes of the small bowel are visible through VCE within 
10 days of ingesting NSAIDs  [  26  ]  (Fig.  24.4 ). Small bowel 
in fl ammation is visible after just a week of NSAID use. 
NSAID use is linked to a variety of lesions in the small and 
large bowel including bleeding, protein loss, strictures, 
increased intestinal permeability, and NSAID enteropathy 
 [  19,   27  ] . Serious complications of NSAID use include dia-
phragm-like strictures (diaphragm disease, Fig.  24.5 ) and 
small bowel perforations  [  26  ] .    

   Table 24.1    Indications for video capsule endoscopy   

 Obscure gastrointestinal bleeding: overt and occult 
 Diagnosis and management of Crohn’s disease 
 Diagnosis of small bowel neoplasms 
 Surveillance of inherited polyposis syndromes 
 Evaluation of abnormal small bowel imaging 
 Evaluation of anemia (including celiac disease) 

  Fig. 24.1    Celiac disease: mosaic pattern suggestive of celiac disease [ 17 ]       
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   Crohn’s Disease and VCE 

 VCE is an effective tool for the diagnosis of suspected 
Crohn’s disease in patients with normal upper endoscopy 
and colonoscopy, identi fi cation of a bleeding source, deter-
mining extent of disease, evaluation of patients with interme-
diate colitis, and response to anti-in fl ammatory therapy 
 [  1,   28,   29  ] . The diagnostic yield of VCE in suspected Crohn’s 

disease ranges from 40 to 70% for both known and suspected 
Crohn’s disease  [  1,   29  ] , but it is unclear whether abnormali-
ties detected are always clinically relevant. Patients with 
Crohn’s disease are at increased risk of retention of capsule 

  Fig. 24.2    Celiac disease: mucosal atrophy suggestive of celiac disease [ 17 ]       

  Fig. 24.3    Celiac disease: scalloping suggestive of celiac disease       

  Fig. 24.4    Seventy- fi ve-year-old woman with arthritis and chronic iron 
de fi ciency anemia. Medications include ferrous sulfate daily and 
Ibuprofen daily. Evaluation with EGD and colonoscopy was negative. 
Video capsule endoscopy (VCE) showed numerous NSAID-induced 
ulcers       

  Fig. 24.5    Sixty- fi ve-year-old woman with severe abdominal pain and 
iron de fi ciency anemia. Initial evaluation with EGD and CT scan of the 
abdomen and pelvis were negative. Multiple circumferential ulcers 
found on VCE as seen above (diaphragm lesions)       
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 [  27  ] . The bene fi t from a prior small bowel follow through or 
CT scan of the abdomen is not clear. Agile patency capsule 
(Given Imaging) reliably predicts safe capsule endoscopy 
 [  30  ] . The passage of the agile capsule in the stool by the 
patient, the absence of radiofrequency signal detected by a 
handheld scanner or absence of the capsule on abdominal 
radiography almost excludes an obstructing lesion and a safe 
subsequent real capsule endoscopy  [  7,   30  ] .  

   Small Bowel Tumors 

 Small bowel tumors (see Figures  24.6  and  24.7 ) represent 
2% of all gastrointestinal malignancies with lymphomas 
accounting for 12% of primary neoplasms of the small bowel 
 [  31  ] . A major prognostic factor is the stage of the disease, to 
determine treatment. Diagnostic modalities including endo-
scopic ultrasound, computed tomography, and magnetic res-
onance imaging usually fail to detect lymphomas of the small 
bowel  [  31  ] . VCE is a useful diagnostic tool for gastrointesti-
nal tumors since approximately 6.5% of gastrointestinal 
lymphomas originate within the small and large bowel  [  31  ] . 
Patients presenting with gastric lymphoma can be screened 
with VCE for small bowel involvement as the treatment 
strategy can be altered based on gastrointestinal  fi ndings 
 [  31  ] . VCE also has a role in assessing the successful treat-
ment of and follow-up of patients with known gastrointesti-
nal lymphoma  [  31  ] .     

   Special Considerations of Video Capsule 
Endoscopy in the Older Adult (Table  24.2 ) 

    The most common indication for VCE in the older adult is 
obscure or occult gastrointestinal bleeding, whereas in the 
younger adult, it is used to evaluate suspected small bowel 
Crohn’s disease and chronic diarrhea of unknown origin  [  6  ] . 

 The failure rate of VCE in the general population is about 
20%, similar to that observed in the older adult  [  6  ] . A major 
difference between the younger (age <65) and older age group 
(age >65) is the small bowel transit time, which in fl uences 
completion of the procedure  [  6  ] . One way to overcome pro-
longed transit time or impaired swallowing in the older adult 
is to place the capsule beyond the pylorus with the assistance 
of an upper gastrointestinal endoscope  [  32  ] . Another consid-
eration is the interference of signal transmission with the con-
comitant use of cardiac pacemakers or other implanted 
electromechanical devices (such as pacemaker) (Table  24.2 ), 

   Table 24.2    Concerns in performing video capsule endoscopy in the 
elderly   

 Inadequate visualization 
  Poor preparation in older adults with impairments 
  Motility disorders/incomplete visualization of the small bowel 
 Capsule retention 
 Concerns with pacemakers 

  Fig. 24.6    Seventy-four-year-old man presented with LGIB. Multiple 
EGDs and colonoscopies were nondiagnostic. VCE showed food par-
ticles covering a small intestinal tumor with active bleeding       

  Fig. 24.7    Eighty-year-old man presented with severe anemia. An 
EGD and colonoscopy were negative. VCE demonstrated active bleed-
ing in the distal ileum       
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a common scenario in the older adult  [  4,   33  ] . These problems 
appear to be more perception than reality  [  2,   4,   11,   33  ] .  

   Contraindications for Capsule Endoscopy 

 An important concern with VCE is the potential retention of 
the capsule within the gastrointestinal tract  [  27,   28,   34  ] . 
Capsule retention is seen in patients with (a) prior abdominal 
surgery, (b) suspected obstruction, (c) small bowel strictures, 
and (d) Crohn’s disease  [  11,   34,   35  ] . In the event the capsule 
is not spontaneously excreted and cannot be removed endo-
scopically, surgery may be required  [  27  ] . The risk of capsule 
retention and impaction increases with the aforementioned 
concerns when the capsule gets lodged in a narrowed seg-
ment of small bowel and causes further obstruction 
(Fig.  24.8 ). The retention rate is about 1%; most patients are 
asymptomatic and have partial obstruction or symptomatic 
complete intestinal obstruction  [  29  ] . Capsule retention in 
Crohn’s disease can reach 8%  [  1  ] . Failure of the passage of 
the capsule is an acceptable outcome in patients if it demon-
strates a site of obstruction when surgery to remove the cap-
sule results in clinical improvement for which the VCE was 
originally performed  [  27  ] .  

 Absolute contraindications include clinical or radio-
graphic evidence of gastrointestinal obstruction, active and 
extensive Crohn’s disease with or without presence of stric-
tures, and extensive intestinal diverticulosis  [  11  ] .  

   Limitations of Capsule Endoscopy 

 There are a few limitations for VCE. The expected life span 
of the battery is a maximum of 8 h and 45 min. About 10–20% 
of capsules do not reach the cecum; here battery failure can 
cause inadequate visualization of small bowel pathology 
 [  36  ] . Battery failure is more common in patients with delayed 
gastric emptying or when the capsule sits in the stomach for 
over 1.5 h  [  11  ] . Image quality may be in fl uenced by the pres-
ence of bile, poor bowel preparation, or residual barium from 
previous radiographic studies. Up to 40% of all lesions can 
be missed due to inability to control the velocity or direction 
of the capsule passage  [  35  ] . Furthermore, the images are not 
in real-time; therefore on-the-spot treatment and histopatho-
logic con fi rmation of the  fi ndings is not possible  [  35  ] . 

  Key Points 

    Wireless video capsule endoscopy (VCE) is a noninvasive • 
method of visualizing the entire small bowel.  
  VCE is an effective diagnostic tool to detect obscure gas-• 
trointestinal bleeding sites in the small bowel.  
  VCE is an effective tool to evaluate anemia in the elderly, • 
tumors of the small bowel, Crohn’s disease, and non-
steroidal ulcers.  
  With VCE, there is no discomfort of passage of an endo-• 
scope and the problems associated with intravenous 
sedation.  
  The older adult may  fi nd it dif fi cult to swallow the cap-• 
sule; postgastric surgery and gastroparesis may pose delay 
in the capsule exiting the stomach. Endoscopic placement 
of the capsule may be needed.  
  Other problems with VCE in the elderly include inade-• 
quate visualization, capsule retention, and an occasional 
need for surgical removal of the retained capsule.  
  Theorized concerns in using VCE in patients with pace-• 
makers are not proven.          
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  Fig. 25.1    A 73-year-old woman is evaluated for progressive dysphagia, for 
solid foods and liquids. She has frequent episodes of regurgitation of undi-
gested food and weight loss. Now she presents with acute chest pain. ( a ) PA 
chest X-ray shows a mass density along the entire right mediastinum ( white 

arrows ). ( b ) Axial CT with pulmonary window setting through the lower 
chest shows particulate material in a distended esophagus. ( c ) Esophagram 
shows distended esophagus  fi lled with contrast, demonstrating beak like 
narrowing in its distal portion in the area of achalasia. Diagnosis: Achalasia       
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  Fig. 25.4    A 68-year-old man with dif fi culty swallowing and weight 
loss. Esophagram shows a high grade stenosis (2 cm) and irregular nar-
rowing more distally ( solid black arrow ). Shelf like deformity ( dash 
black arrow ) proximally is secondary to tumor mass. Diagnosis: 
Esophageal cancer       

  Fig. 25.3    A 65-year-old man with dysphagia and weight loss for a month, 
unable to keep down solid foods. Esophagram shows irregular narrowing of 
the distal esophagus with a shelf like appearance ( white arrow ) due to the 
mass protruding into the lumen. The more distal irregularities indicate tumor 
masses ( black arrows ). Diagnosis: Esophageal cancer       

  Fig. 25.2    A 90-year-old man presents with halitosis and otherwise 
asymptomatic. ( a ) PA chest X-ray shows a large air- fl uid ( black arrow ) 
containing structure ( white arrows ) in the upper chest. ( b ) Lateral chest 

X-ray shows the air- fl uid containing structure ( black arrows ) to be in 
the superior posterior portion of the chest. This is a large Zenker’s 
diverticulum  fi lled with food. Diagnosis: Zenker’s diverticulum       
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  Fig. 25.7    A 67-year-old man with left upper quadrant abdominal pain, 
early satiety, and vomiting. Axial oral contrast enhanced CT image 
shows contrast in the fundus, a large mass displacing the fundus. The 
mass contains low density material (probably necrotic tumor). 
Diagnosis: Gastric tumor       

  Fig. 25.6    A 70-year-old woman with long standing, hard to control 
type 2 diabetes mellitus is evaluated for a 6-month history of nausea, 
vomiting, early satiety, and postprandial bloating. Supine abdominal 
image shows distended, air  fi lled stomach. Diagnosis: Gastroparesis       

  Fig. 25.5    An 80-year-old man is evaluated for a 3-month history of 
progressive, dull, constant, non-radiating epigastric pain. The patient 
has had weight loss with early satiety and nausea. Axial oral contrast 
enhanced CT image at the level of the gastric fundus shows a thick 
in fi ltrating mass ( white arrows ) which surrounds the irregular contrast 
 fi lled lumen. Diagnosis: Gastric cancer       
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  Fig. 25.8    A 74-year-old woman after returning from a trip developed 
severe diarrhea and crampy abdominal pain. ( a ,  b ) Axial oral contrast 
enhanced CT images in the lower abdomen/upper pelvis level shows 

diffuse small bowel, predominantly ileal wall thickening  without de fi nite 
obstruction. Diagnosis: Enteritis       

  Fig. 25.9    A 69-year-old man with a history of prior abdominal surgery 
presents with abdominal distention. ( a ) Supine abdominal image shows 
distended loops of bowel in the mid abdomen with circumferential 
markings (valvulae conniventes) indicating the presence of distended 

small bowel loops. Some air is present in the colon, suggesting the diag-
nosis of partial small bowel obstruction (SBO). ( b ) Erect, upright 
abdominal image shows no free air, air  fl uid levels in the distended small 
bowel loops are present. Diagnosis: Partial small bowel obstruction       
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  Fig. 25.10    A 68-year-old woman presents with acute abdominal pain. 
Supine abdominal image shows previous cholecystectomy and free air. 
Bowel loops are seen with air on both sides of the intestinal wall (termed 
the Rigler sign) ( black arrow ); the area of lucency depicts extra luminal 
air ( asterisks ). This is dif fi cult to detect, warranting con fi rmation with a 
left lateral decubitus or erect image. Diagnosis: Free air in the perito-
neal cavity       

  Fig. 25.11    A 77-year-old man with iron de fi ciency anemia. Axial oral 
and intravenous contrast enhanced CT image through the lower 
 abdomen shows a mass in the cecum ( black arrows ). Diagnosis: Cecal 
carcinoma       
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  Fig. 25.12    A 68-year-old woman with distended abdomen and 
severe constipation. ( a ) Axial oral and intravenous contrast enhanced 
CT image through the upper abdomen shows the markedly distended 
colon: hepatic  fl exure is on the  right  and splenic  fl exure on the  left . 
( b ) Axial oral and intravenous contrast enhanced CT image through 
the mid abdomen shows distended, fecal material  fi lled colon. Note 

the contrast  fi lled normal caliber small bowel loops. ( c ) Axial oral 
and intravenous contrast enhanced CT image through the lower pel-
vic level shows the distended sigmoid colon and the collapsed rec-
tum. ( d ) Coronal reconstructed CT image through the mid abdomen 
shows the colonic distention. Diagnosis: Cancer, sigmoid colon, with 
obstruction       
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  Fig. 25.14    An 82-year-old man presents with bloody diarrhea. He 
has a history of coronary artery disease and hyperlipidemia. ( a ) 
Axial oral and intravenous contrast enhanced image through the 
upper abdomen shows at the level of the splenic  fl exure thick 

colonic wall suggestive of ischemic colitis. ( b ) Coronal recon-
structed image through the mid to posterior abdomen shows a 
thickened descending colonic wall, with a normal cecum. Diagnosis: 
Ischemic colitis       

  Fig. 25.13    A 72-year-old man on treatment for malignancy developed 
severe bloody diarrhea in the last 48 h. ( a ) Axial oral contrast enhanced 
CT image through the mid abdomen demonstrates marked thickening 
of the ascending and descending colon. ( b ) Coronal reconstructed CT 
image through the anterior abdomen shows markedly thickened colonic 
wall; note that air is present in the nondependent portion of the colon. 

( c ) Coronal reconstructed CT image through the posterior abdomen 
(see vertebrae) shows colonic wall thickening, and of note, contrast in 
the dependent portion of the colon. ( d ) Axial oral contrast enhanced CT 
image through the lower pelvis shows markedly thickened rectal 
mucosa. Diagnosis: Severe colitis, pseudomembranous due to  C. dif fi cile  
infection       
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  Fig. 25.15    A 65-year-old woman presents with acute diffuse abdomi-
nal pain. ( a ) Supine abdominal image shows a markedly distended air 
 fi lled structure in the area of the stomach, with prominent haustral 
markings. ( b ) Axial oral and intravenous contrast enhanced image 
through the upper abdomen shows contrast  fi lled gastric fundus and air 

and fecal material level in a more anterior structure (*fat containing 
right adrenal mass, re fl ecting an adenoma). ( c ) Coronal reconstructed 
image through the anterior abdomen shows markedly distended cecum 
 fi lled with fecal material located in the mid to left upper abdomen. 
Diagnosis: Cecal volvulus       

  Fig. 25.16    An 83-year-old man with fever, leukocytosis, left lower 
quadrant (LLQ) abdominal pain, and tenderness. ( a ) Axial oral and intra-
venous contrast enhanced CT image through the mid pelvis with enlarge-
ment (inset) shows abnormal sigmoid colon with multiple diverticula. 

An intramural abscess is apparent, with soft tissue density and an air 
pocket. Adjacent to the abnormal sigmoid is in fi ltration of pericolic fat. 
( b ) Coronal reconstructed CT image shows the abnormal sigmoid with 
an intramural abscess with air. Diagnosis: Diverticulitis with abscess       
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  Fig. 25.17    A 77-year-old man with anemia and RUQ abdominal pain. 
( a ) Axial oral and intravenous contrast enhanced CT image through the 
upper abdomen shows multiple focal liver lesions. ( b ) Axial oral and intra-

venous contrast enhanced CT image through the lower abdomen shows a 
mass ( white arrows ) in the cecum. An enlarged mesenteric lymph node is 
visible ( black arrow ). Diagnosis: Cecal carcinoma with hepatic metastases       

  Fig. 25.19    A 65-year-old woman with prior colectomy now presents 
with abdominal pain and distension. Supine abdominal image shows 
surgical clips in the pelvis and distended small bowel loops. Diagnosis: 
Intestinal obstruction       

  Fig. 25.18    A 73-year-old man presents with acute abdominal pain. 
Erect, upright PA (frontal) chest X-ray shows air ( black arrow ) under 
the diaphragms indicating free air in the peritoneal cavity, usually from 
a perforated viscus. Diagnosis: Perforated viscus       
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  Fig. 25.21    A 67-year-old woman with a history of previous cholecys-
tectomy has recurrent symptoms of biliary colic. Right upper quadrant 
ultrasound sagittal image shows a dilated CBD (common bile duct) 
with two round stones ( white arrows ), con fi rming stones in the CBD 
(choledocholithiasis). Diagnosis: Choledocholithiasis       

  Fig. 25.20    A 78-year-old woman with prior radiation therapy now 
presents with foul smelling vaginal discharge. Lateral rectal image dur-
ing gastrographin enema via rectal tube (T) shows a  fi stulous commu-
nication ( black arrow ) between the rectum (R) and vagina (V). 
Diagnosis: Rectovaginal  fi stula       

  Fig. 25.22    A 72-year-old woman with RUQ abdominal pain. 
Hepatobiliary scan shows excretion of the radioactive tracer into the 
biliary tree and into the duodenum and more distal small bowel. The 

structure not  fi lled with the radioactive tracer is the gallbladder indicat-
ing occluded cystic duct due to in fl ammation. Diagnosis: Acute 
cholecystitis       
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  Fig. 25.23    A 77-year-old woman known to have gallstones presents 
with RUQ abdominal pain for about 6 weeks; she is afebrile. Axial oral 
and intravenous contrast enhanced CT image through the gallbladder 
shows thick gallbladder wall (about 6 mm), intermittent gallbladder 
wall calci fi cation ( white arrows ), two gallstones, and a mass ( black 
arrows ) protruding into the gallbladder lumen. Diagnosis: Gallstones 
and gallbladder cancer       

  Fig. 25.25    A 79-year-old man with sepsis, severe RUQ abdominal pain and tenderness. ( a ) Sagittal real-time ultrasound shows thick gallbladder 
wall (6 mm) ( asterisks ). ( b ) Transverse real-time ultrasound shows thick gallbladder wall (6 mm). Diagnosis: Acute cholecystitis       

  Fig. 25.24    A 67-year-old woman presents with postprandial RUQ 
abdominal pain that radiates to her right shoulder accompanied by 
fever, nausea, and vomiting. Axial oral and intravenous contrast admin-
istration through the upper abdomen shows gallbladder wall thickening. 
Diagnosis: Acute cholecystitis       
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  Fig. 25.27    A 75-year-old woman with upper abdominal pain. 
Coronal reconstructed oral and intravenous contrast enhanced CT 
image shows calci fi ed gallbladder wall ( black arrows ). Diagnosis: 
Porcelain gallbladder       

  Fig. 25.26    A 65-year-old woman with RUQ abdominal pain and ten-
derness. Right upper quadrant decubitus ultrasound image shows mul-
tiple echogenic foci with acoustic shadowing ( black arrows ) within the 
gallbladder; these are gallstones ( white arrow ). Diagnosis: Gallstones       

  Fig. 25.29    A 70-year-old woman presents with jaundice and pruritus. 
Spot image during ERCP shows a metallic stent placed for the manage-
ment of malignant stricture. Diagnosis: Biliary stent in place (courtesy 
of Satya Kastuar, MD. Saint Peters University Hospital)       

  Fig. 25.28    A 65-year-old woman presents with jaundice. Spot image 
during ERCP shows catheter ( white arrow ) traversing biliary stricture; 
a dilated proximal CBD ( black arrow ) is present. Diagnosis: CBD stric-
ture (courtesy of Satya Kastuar, MD. Saint Peters University Hospital)       
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  Fig. 25.31    A 70-year-old woman presents with RUQ abdominal pain 
and abnormal LFTs. Spot image during ERCP shows the endoscope 
through which a wire ( black arrow ) has been introduced into the biliary 
system. There are three stones (labeled 1, 2, 3) in the dilated CBD. 
Diagnosis: CBD stones (courtesy of Satya Kastuar, MD. Saint Peters 
University Hospital)       

  Fig. 25.30    A 68-year-old woman with a history of cholecystectomy, 
now status post-ERCP. Erect image of the upper abdomen demonstrates 
air in the biliary tree ( solid black arrow ), biliary stent in the CBD ( dash 
black arrow ), surgical clips for cholecystectomy, and moderately dis-
tended stomach. Diagnosis: Air in the biliary tree; stent in place       

  Fig. 25.32    A 65-year-old woman presents with severe RUQ abdomi-
nal pain the day after laparoscopic cholecystectomy. Spot image during 
ERCP shows  prominent  bile leak. Diagnosis: Postcholecystectomy 
complication: bile leak (courtesy of Satya Kastuar, MD. Saint Peters 
University Hospital)       

  Fig. 25.33    A 79-year-old man presents with epigastric discomfort 
associated with weight loss, light colored stools, and dark urine. Axial 
intravenous contract enhanced CT image at the level of the head of the 
pancreas shows a 1.5 cm low attenuation area in the head of the pan-
creas ( black arrow ) with pancreatic duct dilatation ( white arrow ), sug-
gesting an adenocarcinoma of the pancreas. Diagnosis: Pancreatic 
cancer       
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  Fig. 25.35    A 76-year-old asymptomatic man had a chest CT as part 
evaluation to exclude lung cancer because of a long history of smoking. 
On a prior image of that CT a pancreatic mass was suspected, so a dedi-
cated CT abdomen and pelvis was done. Axial intravenous contrast 
enhanced CT image at the level of the body and tail of the pancreas shows 
a 3.5 cm multilobulated mass ( white arrows ) with low attenuation mate-
rial (40 HU—soft tissue density, not  fl uid) with enhancing borders, sug-
gesting a cystic tumor. Diagnosis: Cystic tumor, tail of pancreas       

  Fig. 25.34    A 72-year-old woman with previous left nephrectomy on 
follow-up CT. Axial oral contrast enhanced CT image at the level of 
the pancreas demonstrates a normal pancreas. Diagnosis: Normal 
pancreas       

  Fig. 25.36    A 65-year-old man with a history of chronic pancreatitis 
and severe abdominal pain with vomiting. ( a ) Axial oral and intrave-
nous contrast enhanced CT image through the upper abdomen shows a 
large  fl uid collection anterior to the area of the pancreas; a de fi nite 
normal pancreas is not identi fi able. This collection is displacing the 

stomach ( white arrow ). ( b ) Axial oral and intravenous contrast 
enhanced CT image through the level of the kidneys demonstrates 
 fl uid beyond the tail of the pancreas in the retroperitoneal space; the 
collection is in the anterior pararenal space. Diagnosis: Pseudocyst of 
the pancreas       
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  Fig. 25.38    A 65-year-old man with upper abdominal pain. Axial oral 
and intravenous contrast enhanced CT image through the upper abdo-
men shows diffuse low density liver which indicates fatty in fi ltration. 
Focal low attenuation area ( asterisk ) is in the tail of the pancreas. 
There is  fl uid ( white circles ) around the tail of the pancreas and focal 
pancreatitis. Diagnosis: Fatty liver and focal pancreatitis       

  Fig. 25.37    A 72-year-old man presents with chronic upper abdomi-
nal pain. ( a ) Axial oral and intravenous contrast enhanced CT image 
through the upper abdomen shows intrahepatic biliary dilatation    ( black 
arrow ). ( b ) Axial oral and intravenous contrast enhanced CT image 

through the level of the pancreas shows a  fl uid  fi lled cyst ( asterisk ) 
near the area of the head of the pancreas and a dilated pancreatic duct 
(solid black arrow). There is sludge in the gallbladder (interrupted 
black arrow). Diagnosis: Cystic tumor of the pancreas          
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  Fig. 25.39    A 66-year-old man with long standing alcohol history 
presents with weight loss, postprandial abdominal pain that radiates to 
the back that is worse with meals. He has six to eight bowel movements 
a day usually following a meal. ( a ) Axial oral and intravenous contrast 
enhanced CT image through the level of the pancreas shows irregularly 

dilated pancreatic duct ( black arrows ). ( b ) Axial oral and intravenous 
contrast enhanced CT image through the level of the pancreas shows 
minute calculi in the head and body of the pancreas and pancreatic duct 
dilatation ( asterisk ). Diagnosis: Chronic pancreatitis with stones in the 
head of the pancreas       

  Fig. 25.40    A 65-year-old man with LUQ abdominal pain. Axial oral 
and intravenous enhanced CT image through the upper abdomen shows 
subcapsular  fl uid collection in the spleen and a small  fl uid collection 
( asterisk ) in the body of the pancreas with some in fl ammatory changes 
anteriorly. Small amount of  fl uid ( white circles ) is noted around the 
head of the pancreas. Diagnosis: Pancreatic pseudocyst       
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  Fig. 25.41    A 69-year-old woman with severe upper abdominal pain 
and hypotension. ( a ) On day 1: axial oral and intravenous contrast 
enhanced CT image through the upper abdomen shows relative lack of 
enhancement of the pancreas (see normal Fig. 25.34). There is peripan-
creatic  fl uid and ascites ( solid black arrows ). A gallstone is not visual-
ized within the GB (gallbladder). ( b ) On day 9: axial oral and intravenous 

contrast enhanced CT image through the upper abdomen shows necro-
sis of most of the pancreas; only small portions of the pancreas are 
identi fi able ( black arrows ). Fluid density is seen in the pancreatic bed. 
There is splenic venous thrombosis ( black arrowhead ). On this image a 
gallstone is visible ( dash black arrow ). Diagnosis: Severe acute necro-
tizing pancreatitis       

  Fig. 25.42    A 65-year-old woman with fever and RUQ abdominal 
pain. ( a ) Axial oral and intravenous contrast enhanced CT image 
through the mid abdomen shows a focal mass in the right lobe of the 
liver with low attenuation and slightly irregular border. ( b ) Coronal 
reconstructed CT image through the posterior abdomen shows a focal 

mass in the right lobe of the liver. ( c ) Right upper quadrant ultrasound 
sagittal image shows a complex mass in the liver. ( d ) Magnetic reso-
nance imaging was done to further clarify the nature of this mass and 
con fi rmed an enhancing mass suggestive of an abscess. Diagnosis: 
Hepatic abscess       

 

 



  Fig. 25.44    A 72-year-old man with severe abdominal pain and bloody 
diarrhea. ( a ) Axial oral and intravenous contrast enhanced CT image 
through the level of the upper abdomen shows air in the portal venous 
system. ( b ) Axial oral and intravenous contrast enhanced CT image 
through the level of the portal vein shows air-contrast level in the portal 
vein ( black arrow ). ( c ) Axial oral and intravenous contrast enhanced 

CT image through the level of the kidneys shows air in the superior 
mesenteric vein ( black arrow ). ( d ) Axial oral and intravenous contrast 
enhanced CT image with pulmonary window setting shows air in the 
bowel wall, suggesting pneumatosis intestinalis ( black arrows ). 
Diagnosis: Pneumatosis intestinalis and portal venous air       

  Fig. 25.43    A 69-year-old man with hepatic encephalopathy. ( a ) Axial 
intravenous contrast enhanced CT image through the upper abdomen 
shows a mass in the liver ( black arrows ). The liver is small and irregu-
lar-cirrhotic. There is splenomegaly; small amount of ascites    and large 

right pleural effusion ( white circles ), and varices ( black circle ). ( b ) 
Sagittal ultrasound image shows the liver mass ( white arrows ) to be 
complex consistent with hepatocellular carcinoma. Diagnosis: Hepatic 
carcinoma       
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  Fig. 25.45    An 84-year-old man with heaviness in the left groin. Axial 
oral and intravenous contrast enhanced CT image through the level of 
the ischii demonstrates a left inguinal hernia with bowel content in the 
scrotum. There is no bowel obstruction to suggest incarceration. 
Diagnosis: Left inguinal hernia       

  Fig. 25.46    An 89-year-old man presents with fever, nausea, vomiting, 
and severe RLQ abdominal pain. ( a ,  b ) Axial and coronal oral and 
intravenous contrast enhanced CT images in the lower abdomen 

demonstrate a soft tissue mass with  fl uid and air    ( black arrow ) adjacent 
to the cecum. The features suggest a perforated appendiceal abscess. 
Diagnosis: Appendiceal abscess       
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  Fig. 25.49    A 70-year-old man presents with jaundice, fatigue, and 
weight loss. Linear EUS image reveals a hypoechoic mass lesion in the 
head of pancreas invading the distal CBD and duodenum wall leading 
to CBD stricture associated with market proximal CBD dilatation. 
Diagnosis: Pancreatic mass with CBD dilatation (courtesy of Hazar 
Michael, MD. Robert Wood Johnson University Hospital)       

  Fig. 25.47    An 89-year-old woman with RLQ abdominal pain and ten-
derness. ( a ,  b ) Axial and coronal oral and intravenous contrast enhanced 
CT images through the lower abdomen and pelvis show a dilated 

appendix, indicative of acute, but not perforated appendicitis ( white 
arrows ). Diagnosis: Acute appendicitis       

  Fig. 25.48    A 69-year-old man presents with mild abdominal pain, loss 
of appetite, and weight loss. Linear endoscopic ultrasound (EUS) image 
reveals a hypoechoic mass lesion in the body of pancreas encasing the 
celiac axis, consistent with periaxial adenocarcinoma. Diagnosis: 
Pancreatic mass (courtesy of Hazar Michael, MD. Robert Wood Johnson 
University Hospital)       
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  Fig. 25.50    A 74-year-old man presents with chronic relapsing pan-
creatitis, weight loss, and steatorrhea. ( a ) Endoscopic view of the major 
papilla shows a  fi sh mouth papilla secreting mucinous material. ( b ) 
Endoscopic view through retro fl exion in the stomach reveals a deep 
ulcer in the fundus with mucous adherent to the ulcer base. This is sec-
ondary to a direct extension to the gastric fold by a malignant intraduc-
tal papillary mucinous tumor (IPMT). ( c ) Radio EUS image reveals 

markedly expanded main pancreatic duct by a heterogeneous head of 
pancreas mass with irregular borders containing mucinous material. ( d ) 
Radio EUS image reveals the head of pancreas with markedly dilated 
main pancreatic duct and echogenic material within the duct consistent 
with mucin. The duct does not manifest any strictures. Diagnosis: 
Malignant intraductal papillary mucinous tumor (courtesy of Hazar 
Michael, MD. Robert Wood Johnson University Hospital)       
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         Introduction 

 This chapter will illustrate the use of magnetic resonance 
imaging cholangiopancreatography (MRCP), CT colonogra-
phy (CTC), the imaging and interventional treatment of acute 
and chronic mesenteric ischemia, and acute gastrointestinal 
bleeding.  

   MRCP 

 MRCP has replaced the more invasive and expensive endo-
scopic retrograde cholangiopancreatography (ERCP) for 
diagnostic purposes. ERCP is reserved when intervention or 
tissue sampling are necessary. MRCP also helps plan ERCP 
and percutaneous guided interventions in the biliary tree 
(Fig.  26.1a–c ).   

   CT Colonography 

 Conventional optical colonoscopy (COC) limitations include 
the need for sedation, failure to complete the exam in 5–10% 
of patients, and potential risk of perforation and bleeding 
(0.1–0.3%). CTC detection rate for medium and large polyps 
is adequate; however, its accuracy in detecting small lesions 
(<6 mm) is inferior to COC  [  1,   2  ] . An incomplete COC 
examination is traditionally followed by a double contrast 
barium enema, which was found to have lower sensitivity 
and speci fi city than CTC in detecting colorectal polyps 
 ³ 6 mm in a recent study  [  3  ] . 

 CTC indications include incomplete COC, evaluation of 
the colon proximal to an obstructing lesion (Fig.  26.2a–d ), 
screening of patients who refuse COC and utilization in 

patients un fi t for COC due to severe cardiac or pulmonary 
disease or with bleeding diathesis, typically problems in the 
old. Two recent studies  [  4,   5  ]  found CTC to be safe and 
effective in screening the geriatric population.  

 Adequate colonic cleansing, fecal tagging, and colonic 
distention are prerequisites for successful CTC. Bowel 
cleansing presents a challenge in the elderly, frail patient. 
CTC in the elderly population with limited colonic prepara-
tion to exclude mass and polypoid lesions greater than 1 cm 
has been reported to be feasible  [  6  ] . CTC images are pro-
cessed into a 3D virtual  fl y-through used for primary read; 
2D images are also used to characterize the lesions 
(Fig.  26.3a–d ).  

 The adenoma-carcinoma sequence and “de novo” car-
cinogenesis are two proposed pathways for colorectal cancer 
development, although controversial in importance  [  7  ] . It is 
estimated that a majority of the cancers follow the adenoma-
carcinoma sequence through a series of genetic alterations 
 [  8  ]  which occur over a prolonged period of time. Most small 
polyps are not adenomatous and incidence of cancer in small 
polyps is rare  [  9,   10  ] . Although advanced histology can be 
found in small lesions  [  11  ] , a great number of polyps under 
1 cm are hyperplastic and believed to have little or no malig-
nant potential. Conversely, a small subset of hyperplastic 
polyps (<3%) may be in another category, the serrated ade-
noma, with its own pathway to cancer development  [  12,   13  ] . 
Some estimate that up to 20% of sporadic colorectal cancers 
develop through the serrated adenoma pathway  [  13  ] . CTC 
cannot differentiate adenomatous from hyperplastic polyps. 

 Small polyp measurements vary between CTC, COC, and 
pathology specimens with CTC measurement closest to true 
dimension of the polyp  [  14  ] . There is an ongoing debate 
between radiologists and gastroenterologists regarding man-
agement of small polyps found at CTC  [  11,   15,   16  ] . Flat 
adenomas, lesions with height less than 50% its width and 
lesions less than 2 mm raised, are more dif fi cult and some-
times impossible to detect on CTC. 

 CTC screening can detect colonic or extracolonic can-
cers in addition to other signifi cant diseases in one of 200 
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  Fig. 26.1    Seventy-one-year-old male presenting with jaundice. ( a ) 
Magnetic resonance imaging cholangiopancreatography showing 
dilated intrahepatic ducts and common duct ( short thin arrow ). There is 
abrupt tapering in the distal portion from benign stricture due to 
in fl ammation associated to peptic ulcer disease. The pancreatic duct 

( fat arrow ) and gallbladder ( long thin arrow ) are indicated. ( b ) 
Corresponding endoscopic retrograde cholangiopancreatography image 
before stent placement. ( c ) Removable stent placed. Note “waist” of the 
stent at the site of stricture ( black arrow )       

  Fig. 26.2    ( a ) CT colonography (CTC) 2D view of 4.5 cm annular con-
stricting mass in the distal sigmoid colon ( white arrow ) on elderly 
patient. The gastroenterologist was unable to pass colonoscope proxi-
mal to mass. ( b ) Corresponding 3D endoluminal view of the mass 

( black arrow ). ( c ) CTC found polyp in the proximal sigmoid colon 
( white arrow ) which was also included in the resection and con fi rmed 
on pathology to represent hyperplastic polyp. ( d ) Corresponding 3D 
endoluminal view of the polyp ( black arrow )       
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asymptomatic adults  [  17  ] . Early detection and treatment of 
cancers may contribute to favorable outcomes. 

 COC is the gold standard for colorectal cancer screening 
allowing for immediate tissue sampling. CTC is an accept-
able alternative for colorectal cancer screening when COC is 
incomplete, cannot be performed or for patients who refuse 
COC as a screening modality. The choice between COC and 
CTC should be made by the clinician and patient, especially 
in geriatric patients with associated comorbidities.  

   Acute Gastrointestinal (GI) Bleeding 

 In patients presenting with acute gastrointestinal bleeding, 
once the measures to achieve hemodynamic stability have 
been established, radiologic exams can localize, character-
ize, and treat the bleeding lesion. Acute variceal bleeding in 

the upper GI tract is usually treated by means of upper endos-
copy (EGD) or transhepatic portosystemic shunt (TIPS) 
placement. 

 Endoscopy is the initial diagnostic and therapeutic modal-
ity in acute GI bleeding  [  18  ] . Radiologic exams play a greater 
role in lower GI bleeding, as colonoscopy is often subopti-
mal due to inadequate bowel preparation, lesions being 
obscured by massive bleeding and the inaccessibility of 
small bowel to conventional endoscopy. 

 Bleeding must be active at the time of imaging for diag-
nosis. CT angiography (CTA) and or conventional catheter 
directed angiography (CA) are initial exams of choice in 
hemodynamically unstable patients as they can determine 
the precise anatomic location of hemorrhage and CA can 
treat the bleeding. Radionuclide imaging is the initial exami-
nation for hemodynamically stable patients with slow inter-
mittent bleeding. 

  Fig. 26.3    Seventy-three-year-old obese female with contraindication 
to anesthesia for conventional optical colonoscopy secondary to multi-
ple comorbidities. ( a ) CTC supine scan shows a 1.7 cm polyp in the 
sigmoid colon ( arrow ). ( b ) The patient was unable to assume prone 
position. Left lateral decubitus scan was performed showing the same 

lesion ( arrow ). ( c ) CTC 3D endoluminal view of the polyp. ( d ) CT scan 
performed for other reasons 1 year prior to CTC. The polyp ( black 
arrow ) outlined in the barium pool was slightly smaller and inconspicu-
ous, only identi fi ed in retrospect       
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   Radionuclide Imaging (Scintigraphy) 

 Scintigraphy can detect bleeding at rates as low as 0.04–0.1 mL/
min, is noninvasive, requires little patient preparation, is gener-
ally well tolerated and readily available in most institutions. It 
is possible to perform imaging 18–24 h after injection of 
labeled RBCs. Positive scintigraphy increases the diagnostic 
yield of CA  [  19  ]  and its positive predictive value for diagnostic 
CA is improved if the test is positive within the  fi rst 2 min of 

injection  [  20  ] . Scintigraphy can screen out patients who are not 
actively bleeding at the time of exam and spare them the risks 
and cost of a potentially nondiagnostic invasive study. 

 Diagnosis is made by intraluminal manifestation of 
radiotracer activity, increased intensity of the radiotracer and 
movement of the radiotracer demonstrated in real time dur-
ing dynamic acquisition of data  [  21  ]  (Fig.  26.4a , b).  

 Scintigraphy is time consuming and precise anatomic 
localization is not possible. The reported accuracy varies 

  Fig. 26.4    ( a ) Hepatic  fl exure 
of the colon bleeding on 
scintigraphy showing increased 
accumulation and movement of 
the radiotracer in the bowel 
lumen over time. ( b ) Small 
bowel bleeding on scintigraphy. 
(Courtesy of Dr. Leonard 
Freeman, Professor of Nuclear 
Medicine and Radiology, 
Monte fi ore Medical Center, 
Albert Einstein College of 
Medicine)       
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from 40 to 100%, therefore surgical interventions, particu-
larly segmental intestinal resections, are rarely performed on 
the basis of scintigraphy  fi ndings alone  [  22  ] .  

   Catheter-Directed Angiography (CA) 

 Bleeding rates as low as 0.5 mL/min can be detected with 
accurate anatomic localization; and treatment can be per-
formed with high success rates. CA is used less frequently 
for upper GI bleeding due to higher yield from traditional 
EGD  [  23,   24  ] . CA is valuable when EGD is not available, if 
bleeding cannot be stopped using EGD  [  25  ]  and for poor 
surgical candidates  [  18  ] . 

 The most common causes of lower GI bleeding in the 
geriatric population are colonic diverticulosis and angiodys-
plasia. Superselective catheter embolization treatment, usu-
ally with microcoil  [  26,   27  ] , is effective and has low 
complication rates. Small bowel is a less frequent site of 
lower GI bleeding with angioectasia representing the most 
common cause  [  28  ]  (Fig.  26.5 ). Sources of bleeding in the 
small bowel are more dif fi cult to diagnose and patient out-
comes are poorer than with upper GI and colonic bleeding 
 [  28  ] . If resection is entertained, microcatheter infusion of 
methylene blue stain or a microcoil can be used to limit the 
extent of small bowel resection.  

 Extravasation of contrast into the bowel lumen is pathog-
nomonic of hemorrhage (Fig.  26.6a–c ). Indirect  fi ndings of 
bleeding site are pseudoaneurysm, arterial venous  fi stula, 
hyperemia, neovascularity, and extravasation of contrast into 
a con fi ned space.  

 Disadvantages of CA include high cost, invasiveness, 
associated risks of catheter related and vascular access com-
plications, utilization of iodinated contrast material and false 
negatives related to intermittent bleeding, bleeding below 
detectable rates and variant vascular anatomy.  

   CT Angiography 

 CTA has been performed for the diagnosis of acute GI bleed-
ing with localization accuracy comparable to CA  [  29,   30  ] . A 
study by Yoon et al.  [  31  ] , reports 91% sensitivity and 99% 
speci fi city in localizing massive gastrointestinal bleeding 
with CTA. In porcine models, bleeding rates as low as 
0.3 mL/min  [  32  ]  and 0.1 mL/min  [  33  ]  were detected. 

  Fig. 26.5    CT angiogram of 76-year-old female with end stage renal 
disease presenting with massive GI bleed. Coronal reformatted image 
showing angioectasia of small bowel evidenced by several focally 
dilated arteries along the small bowel wall (some indicated by  arrows ). 
No active bleeding was demonstrated during the CT angiography 
(CTA). Patient recovered with conservative treatment and the diagnosis 
was con fi rmed later with double balloon endoscopy       

  Fig. 26.6    ( a ) Superselective angiography showing contrast extravasa-
tion into the rectal lumen ( black arrow ). ( b ) Increased contrast pooling 
in the rectal lumen ( black arrow ). ( c ) Microcoil embolization of the 

rectal artery branches feeding the bleeding lesion. The  white arrows  
indicate deployed microcoils       
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 A noncontrast CT scan to detect preexisting hyperdense 
material in the bowel is followed by contrast enhanced CTA. 
Extravasation of contrast material into the bowel lumen is 
diagnostic. Pitfalls include poor angiographic technique, 
enhancement of the bowel mucosa which may be interpreted 
as bleeding and preexisting high attenuation material in the 
bowel lumen which decreases CTA diagnostic accuracy. 
Radiation and iodinated contrast material exposure represent 
additional disadvantages. However, information regarding 
the etiology, site of bleeding, and vascular anatomy can posi-
tively affect clinical, interventional, and surgical manage-
ment decisions. A focused interventional approach following 
CTA results in less digital subtraction exposures, shortened 
procedure time, and reduces the amount of iodinated contrast 
used during CA. 

 CTA is rapid, safe, sensitive, easy to perform, readily 
available, and allows for precise localization of bleeding site. 
Some centers have been using it to triage patients who pres-
ent with signi fi cant lower GI bleeding  [  34–  36  ]  (Figs.  26.7a , b 
and  26.8a–c ).     

   Acute Mesenteric Ischemia and Chronic 
Mesenteric Insuf fi ciency (CTA and CA) 

 Acute mesenteric ischemia (AMI) is caused by arterial occlu-
sive disease, venous occlusive disease, strangulation/obstruc-
tion and hypoperfusion associated with nonocclusive vascular 
disease. CT  fi ndings vary depending on the cause and under-
lying physiopathology. In patients with chronic arterial 
insuf fi ciency of the intestines, known as abdominal angina 
(AA), CTA is helpful to evaluate the degree of stenosis of the 

celiac trunk and superior mesenteric artery (SMA), evaluate 
the collateral circulation and to exclude other causes of intes-
tinal ischemia such as retroperitoneal or celiomesenteric 
malignancy, median arcuate ligament syndrome, aneurysms, 
and dissections  [  37,   38  ] . 

 CA is the gold standard to evaluate the mesenteric vascu-
lature and the preferred modality for treatment of AA 
(Fig.  26.9a , b). Usually only one of the compromised arteries 
(SMA) requires treatment, but if feasible in the presence of 
high grade stenosis (>70%) both arteries should be treated.  

 CTA evaluates the bowel wall, mesentery, and the vessels 
in a single exam (Fig.  26.10a–c ). Emboli and thrombi in the 
mesenteric arteries and veins, degree of arterial stenosis of 
the celiac trunk and SMA, and status of the collateral circula-
tion are clearly depicted in the postcontrast phase. Precontrast 
images are useful to evaluate the degree of arterial 
calci fi cation, hyperattenuating intravascular clot and intra-
mural bowel hemorrhage. The two main limitations of CTA 
are lack of dynamic visualization of the  fl ow pattern and 
dif fi culty in determining the degree of stenosis of heavily 
calci fi ed vessels.  

 Bowel wall is thickened when ischemia is caused by 
venous occlusion, strangulation, ischemic colitis, and arterial 
occlusion after reperfusion. When exclusive    occlusive arte-
rial ischemia with or without bowel infarction is present, the 
bowel wall may be paper thin due to lack of edema or hemor-
rhage. Low attenuation of the wall indicates edema and high 
attenuation indicates intramural hemorrhage or hemorrhagic 
infarction. After contrast administration, poor enhancement 
is speci fi c but not sensitive for infarction. Conversely, hyper-
enhancement of the bowel wall can also be seen in ischemia. 
Pneumatosis intestinalis and portomesenteric venous gas in 

  Fig. 26.7    CTA showing acute GI bleed in elderly patient. ( a ) Axial image showing contrast pooling in the lumen of the sigmoid colon ( arrow ) 
from bleeding diverticulum. ( b ) Sagittal reformation showing several diverticula ( thin arrow ) and contrast pooling in the lumen ( thick arrow )       
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  Fig. 26.8    The patient in Fig.  26.7     with bleeding colonic diverticula 
was treated with coli embolization. ( a ) Corresponding selective angiog-
raphy shows a pseudoaneurysm ( arrow ). ( b ) Extravasation of contrast 

into the lumen ( arrows ). ( c ) The bleeding was treated with coil embo-
lization ( arrow )       

  Fig. 26.9    Seventy- fi ve-year-old female with abdominal pain and supe-
rior mesenteric artery (SMA) stenosis. ( a ) Stenosis at the origin of the 
SMA with 40 mmHg pressure gradient across stenosis ( arrow ). ( b ) 

Good result after angioplasty and stent placement ( arrow ) with resolu-
tion of pressure gradient       
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the presence of bowel ischemia indicates transmural infarc-
tion. Bowel lumen is often dilated due to interruption of nor-
mal peristalsis and may contain  fl uid particularly in venous 
occlusive disease and strangulation. Ascites and mesenteric 
fat stranding represent transudation of  fl uid  [  39,   40  ] . 

 Once the etiology of AMI and AA have been established, 
the treatment may be open (surgical) or percutaneous. 
Percutaneous treatment includes catheter directed thrombol-
ysis, balloon angioplasty, and stent placement. 

  Key Points 

    Magnetic resonance imaging cholangiopancreatography • 
has replaced endoscopic retrograde cholangiopancreatog-
raphy (ERCP) for diagnostic imaging and is also used for 
planning of ERCP or percutaneous guided interventions 
in the biliary tree.  
  Conventional optical colonoscopy is the gold standard for • 
colorectal cancer screening allowing for immediate tissue 
sampling. CT colonography is an acceptable alternative 
for colorectal cancer screening when optical colonoscopy 

is incomplete, cannot be performed or for patients who 
refuse optical colonoscopy as a screening modality.  
  In acute lower gastrointestinal bleeding CT angiography • 
(CTA) and/or conventional catheter directed angiography 
(CA) are initial exams of choice in hemodynamically unsta-
ble patients as they can determine the precise anatomic 
location of hemorrhage and CA can treat the bleeding. 
Radionuclide imaging is the initial exam for hemodynami-
cally stable patients with slow intermittent bleeding.  
  Both CTA and conventional angiography (CA) are used • 
for the diagnosis of acute mesenteric ischemia and abdom-
inal angina. CTA evaluates the bowel wall, mesentery, 
and vessels in a single exam. Percutaneous balloon angio-
plasty and stent placement are the preferred treatment of 
abdominal angina.          
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    Introduction 

 Laboratory tests play a relevant role in patient care. In today’s 
escalating healthcare environment, providers need to be cog-
nizant of the risks, bene fi ts, and costs of routine or standard 
batteries of tests. Caution needs to be exercised about age-
based criteria as the reason to choose tests in the geriatric age 
group, especially prior to a surgical procedure. In general, it 
is more likely that test results may be abnormal in the older 
population  [  1  ] . As more tests are performed, the odds of 
obtaining abnormal results increases, posing implications for 
both patient and provider. False positive tests contribute to 
further escalation of costs. Routine tests based on age alone 
may no longer be paid for by insurance companies. In the 
past several years, there have been changes in approach due 
to economic pressures with a trend towards “indicated” 
rather than routine testing  [  2  ] . Tests do not always provide 
the information that the physician seeks, and the results may 
not be relevant to diagnosis or management.  

   Is Old Age a Reason to Perform Tests? 

 It is generally accepted that advancing age is associated with 
comorbidity. Does this justify routine screening? In a study 
of 544 surgical patients over age 70, the prevalence of abnor-
mal electrolyte values and thrombocytopenia was small 
(0.5–5%); the prevalence of abnormal hemoglobin, creati-
nine, and glucose was higher at 12, 10, and 7%, respectively, 
but did not predict adverse outcomes  [  3  ] . The authors 
 concluded that routine testing for hemoglobin, creatinine, 
glucose, and electrolytes on the basis of age alone may not 
be indicated  [  3  ] . Laboratory values in screening by insurers 
were not signi fi cantly in fl uenced by age alone; most abnor-
malities arose from impairments, rather than age  [  4  ] . However 
the cost-effectiveness is greater in older age, as there is a bet-
ter likelihood of disease being detected  [  4  ] .These statements 
must be weighed against the probability that disease detected 
by testing will modify management  [  2  ] , justifying the test. 
Whether a poor history in the cognitively impaired or an 
atypical presentation in the old justifi es the use of tests is 
debatable  [  4  ] . There is also a call for modi fi ed biochemical 
reference values for some tests in the over 65 age group  [  5  ] . 
It may be dif fi cult to determine as to what tests will be 
signi fi cant in the patient who manifests multiple disease pro-
cesses  [  6  ] . A good history of over-the-counter medications 
including supplement use may be relevant to test results  [  7  ] .  

   Manifestations Determine the Need for Testing 

 In general, tests are done on the basis of symptoms or signs, 
to rule out underlying disease, to understand the severity of a 
disorder, to monitor the progress or prognosis of the illness, 
and assess the effectiveness of treatment. What constitutes 
normal or a range of accepted values is rarely ideal; the val-
ues are determined by a reference population factoring age, 
gender, race, and other variables  [  4  ] . 

 Most laboratory values in older adults fall in the normal 
range, with signi fi cant abnormalities raising suspicion of 
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disease  [  8  ] . The common abnormalites noted in a study 
involved alkaline phosphatase, serum phosphorus, low crea-
tinine clearance without an alteration of serum creatinine, 
abnormalities in glucose, and de fi ciencies in vitamins and 
albumin, many indicating disease rather than aging  [  8  ] . 
Interestingly, data from common blood laboratory tests dem-
onstrated that metabolic abnormalities are associated with 
global cognitive changes in the elderly; they included hyper-
glycemia, hypernatremia, hyperkalemia, low hemoglobin, 
and elevated creatinine, blood urea nitrogen (BUN), and 
white blood cell counts  [  9  ] .  

   Unwanted Testing May Carry Risks 
More Than Bene fi ts 

 The questions to be asked before requesting a test are: is the 
test relevant to the patient’s health? Is there is a reason for the 
test? And would the test have potential to alter management? 
A screening program for the old in a rural practice found that 
although a few patients bene fi ted, and it was academically 
stimulating, the bene fi ts were not worth the effort; there was 
also reservation about the impact of testing on the quality of 
life  [  10  ] . Daily routine testing even in the sick hospitalized 
older adult may lead to signi fi cant blood loss and iatrogenic 
anemia with hemodynamic changes, requiring transfusions 
and in fl uencing mortality  [  11  ] . Healthcare providers made 
aware of the cost of phlebotomy did order tests more appro-
priately to bring about savings for the hospital  [  12  ] . 

 Unfortunately, laboratory test results are not always sim-
ple to interpret; they may be positive, negative, or inconclu-
sive. A positive or abnormal test indicates that the disorder 
was present; a negative or normal test means that the disorder 
is not present; an inconclusive test is neither positive nor 
negative. A false positive test suggests that a disorder is pres-
ent, when in reality it is not; a false negative test does not 
detect the disorder when in reality it is present. Even in the 
healthy adult, there is a likelihood that 1 in 20 tests ordered 
may be abnormal (5%) in the absence of an evident underly-
ing abnormality  [  4  ] . For a panel of 20 tests, the chances are 
that there is a 64% chance of at least one abnormal test  [  13  ] . 
Thus more testing has the potential to cause anxiety for the 
patient (or provider). Interestingly, if anesthesiologists 
ordered tests prior to a procedure, instead of primary physi-
cians and surgeons, there was a signi fi cant reduction in costs 
without an increase in complications  [  14  ] . 

 Is there an increase in liability for requesting or not 
requesting a test? Legal concerns are often the reason for 
providers to request routine laboratory tests. Although there 
may be legal risk for failure to order a test and make a diag-
nosis in the  fi rst place, the risk may be greater for ordering a 
laboratory test and not following up in a timely fashion with 
required actions based on the abnormal results  [  1,   13  ] . 

Laboratory test results must be acknowledged, and reports 
initialed by the provider. Documentation must include nega-
tive and positive  fi ndings; critical test results warrant imme-
diate action and rapid communication to the patient, along 
with documentation and actions taken. In summary, it is most 
desirable that the provider who orders a test follows up with 
the test results appropriately. 

 The following discussion arbitrarily divides laboratory 
tests into those  commonly or   routinely  considered in all 
patients undergoing examination (or a procedure) irrespec-
tive of the history and physical examination, as opposed to 
those tests selected based on a  speci fi c and   individualized  
reason. The topic does not cover every available test, rather it 
exempli fi es the points made earlier.  

   Tests Performed Commonly: “Routine” Tests 

   Hemoglobin and Hematocrit 

 The pros and cons of routine testing are cited brie fl y in 
Table  27.1 . Hemoglobin and hematocrit are among the useful 
routine tests. A study comparing two groups of men and 
women around 44 ± 0.9 years to 63 ± 0.9 years found 
signi fi cant differences with aging in hemoglobin (decreas-
ing), MCV (increasing) and other indices; there were also 
differences in ferritin  [  15  ] . The most common causes of 
microcytosis are iron de fi ciency and thalassemia trait  [  16  ] . 
Anemia is a common multifactorial condition in the geriatric 
age group. Based on the WHO de fi nition, anemia is present 
in 10% of those over 65 years and in 20% of the over 85 year 
group in the community, increasing to 48–63% of nursing 
home patients  [  17  ] . Even more important, based on the 
National Health and Nutritional Examination Survey 
(NHANES) data, in two-thirds of anemia there is a discern-
ible cause noted with routine testing; a third of cases has a 
nutritional basis involving iron, B12, and folate de fi ciency in 
variable combinations, a third of anemia is from chronic dis-
ease and in a third routine tests do not provide an explanation 
 [  18  ] . The impact of anemia on organ dysfunction cannot be 
underestimated; it is an additional negative component in 
heart disease, diabetes, and cerebrovascular disease and a 
predictor of mortality  [  17,   19,   20  ] . A recent study of the 65+ 
age group revealed 12% to have iron de fi ciency anemia; 
many with unexplained anemia were “suspicious for myelo-
dysplastic syndrome”  [  21  ] . The association between anemia 
and gastrointestinal disease is common and well known.   

   Ferritin, B12, and Folic Acid 

 While ferritin is a useful marker for body iron stores in the 
stable community patient, it tends to be elevated in the ill 
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(acute phase reactant) with ferritin values requiring cautious 
interpretation  [  22  ] . Ferritin should be interpreted in conjunc-
tion with health status, along with serum iron levels, iron-
binding capacity, and transferrin saturation  [  23  ] . At times, 
the markers are inadequate to guide iron therapy  [  24  ] . In the 
NHANES I study, elevated transferrin saturation was associ-
ated with elevated mortality in over 2% of adults; but recent 
data from NHANES III suggest that ferritin and transferrin 
saturation are not associated with morality in those not tak-
ing iron supplements and without a baseline history of car-
diovascular disease or cancer  [  25  ] . 

 The need to evaluate folic acid and B12 status must be 
individualized based on clinical manifestations, history of ill-
ness, and dietary habits, along with initial hematological indi-
ces. Both these nutrients are low in a variety of gastrointestinal 
disorders affecting sites between the stomach and terminal 

ileum (detailed in another chapter). At this time they are not 
recommended among the routine initial panel of tests  

   Renal Function 

 Serum creatinine by itself is an unreliable indicator of renal 
function in the old. Although the creatinine level would be 
expected to rise with age-related decline in renal function, it 
may remain normal as a result of age-associated sarcopenia. 
Thus instead of using the serum creatinine as a marker, an 
acceptable formula is utilized. Because of the high  prevalence 
of CKD in geriatric age groups, precise estimates of renal func-
tion and staging are relevant, especially for appropriate dosing 
of drugs, when pharmacokinetics are dependent on renal func-
tion and further to assess stage of kidney disease. Particularly 
in the frail elderly, such estimates are invaluable. The choice of 
formulae include the Cockcroft-Gault equation, Modi fi cation 
of Diet in Renal Disease Study, or the newer Chronic Kidney 
Disease Epidemiology Collaboration Initiative Equation  [  26  ] . 

 BUN levels are in fl uenced by multiple causes. Levels are 
elevated in acute and chronic renal failure, volume depletion, 
heart failure, gastrointestinal bleeding, dietary causes, use of 
medications such as steroids aor diuretics and obstructive 
uropathy; on the other hand, low levels occur in liver disease. 
In the presence of renal disease, one must also assess electro-
lyte status.  

   Liver Function 

 Liver function tests (LFTs) include a panel of tests: liver 
enzymes, bilirubin, and hepatic synthetic measures (pro-
thrombin time and albumin). About 1–4% of asymptomatic 
patients manifest abnormal tests  [  27  ] . As many as 14.7% of 
a Chinese population had abnormal LFTs, the most common 
causes being metabolic syndrome, nonalcoholic fatty liver 
disease, and alcohol  [  28  ] . Nonalcoholic fatty liver disease is 
a common cause of abnormal AST and ALT worldwide, 
especially in af fl uent nations, increasing with the growing 
obesity epidemic  [  29  ] . 

 LFTs are a panel and not all are true tests of liver func-
tion; further abnormalities may not re fl ect liver disease  [  30  ] . 
A focused history and physical examination are a foundation 
for appropriate testing  [  27  ] . Enzyme levels vary with gender, 
ethnicity, and age. Abnormal LFTs are commonly encoun-
tered in asymptomatic patients during routine visits and con-
sultations; a cost-effective and systematic approach is 
recommended for their interpretation  [  31  ] . Even the exces-
sive use of vitamins, such as vitamin A, may in fl uence LFTs. 
Higher mortality has been demonstrated in a study of 560,000 
life insurance applicants with higher levels of AST, ALT, and 

   Table 27.1    Common or “routine” tests  [  1,   4–  6,   8,   10,   26,   53,   73  ]    

 Hemoglobin 
   Anemia: prevalence 10% of community adults over age 65, 20% 

over 85 
  Laboratory tests can delineate an etiology in two-thirds of anemics 
 Creatinine and blood urea nitrogen (BUN) 
   Renal function declines with age; but serum creatinine may remain 

normal in spite of decline in kidney function (effect of sarcopenia) 
  Calculation of renal function entails use of an acceptable formula 
   BUN is increased by multiple causes: renal failure, volume 

depletion, heart failure, gastrointestinal bleeding, dietary causes, 
medication effect, and obstructive uropathy 

  BUN may be lower in liver disease and malnutrition 
 Electrolytes 
   Are commonly abnormal due to the presence of renal disease, 

gastrointestinal losses, heart failure, and medication effect 
   Abnormalities also result from hepatic, thyroid, or pulmonary 

disease 
 Albumin and prealbumin 
   Consider liver disease, gastrointestinal or renal losses, and 

malnutrition 
   Acute negative phase reactant; deconditioning or illness lower 

albumin 
 Cholesterol, total and fractions, triglycerides 
  Considered as standard screen in all adults 
  Frequency of testing: dependent on measures used in management 
 Liver function 
  Abnormal tests are common, even in asymptomatic adults 
   Interpretation and further evaluation may need specialist 

consultation 
  Medication history is relevant for interpretation 
 Prothrombin time and APTT 
   Dictated by bleeding or clotting history and presence of liver disease 
  Use of anticoagulants or antiplatelet agents, alcoholism 
 Erythrocyte sedimentation rate 
  Marginal increase with age, more in females than in males 
  Nonspeci fi c and increases with many illnesses 
 Fecal 
  Fecal occult blood test (needs to be better targeted) 
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GGT  [  32  ] . On the other hand, low ALT activity was also a 
predictor of reduced survival, mediated by its association 
with frailty and increasing age  [  33  ] .  

   Serum Albumin 

 Screening for protein energy malnutrition at an early stage 
allows interventions to be most successful  [  34  ] . The value of 
serum albumin levels is immense; levels re fl ect not only nutri-
tional status, but also relate to renal and hepatic  function, 
 gastrointestinal disease, and catabolic states. In an orthogeriat-
ric unit, nearly 450 elderly with hip fractures demonstrated bet-
ter functional independence with normoalbuminemia at 
admission and at discharge  [  35  ] . Hypoalbuminemia is a predic-
tor of poor outcome or mortality in the ill, as e.g., in decompen-
sated heart failure  [  36  ]  and colon cancer prior to surgery  [  37  ] .  

   Serum Lipids 

 Measurement of total cholesterol and its fractions (high den-
sity, low density, very low density) and triglycerides are now 
considered standard screening tests in adults. While they 
need to be repeated to monitor impact of therapy, multiple 
testing in the geriatric population appears associated with 
multiple providers, independent of indications and comor-
bidity, as demonstrated in a study of over 1.15 million 
Medicare bene fi ciaries  [  38  ] .  

   Additional Comments 

  Routine repeat   testing  of critical values of hemoglobin, platelet 
count, white blood cell count, prothrombin time, and activated 
partial thromboplastin time do not offer advantage over a single 
run  [  39  ] . Erythrocyte sedimentation rate is a useful nonspeci fi c 
test in several illnesses, with values higher typically in anemia 
and in fl ammatory states; low sedimentation rates are also noted 
in heart failure, common in older adults. Marginal increase in 
the sedimentation rates occur with age  [  6  ] .   

   Individualized or “Speci fi c” Tests 

 While a provider may not be clear about the need or lack of 
need for routine testing, speci fi c testing clearly relates to 
 fi ndings in the history and examination. They are hence best 
individualized (Table  27.2 ).  

   Fecal Occult Blood Testing 

 Fecal occult blood testing (FOBT) is recommended by 
national guidelines for colorectal cancer (CRC) screening 

and is shown to reduce mortality in CRC. Most use standard 
tests; higher sensitivity guaiac testing and immunochemical 
tests were reported by only 22 and 8.9%, respectively  [  40  ] . 
Rather than relying on the multiple specimen home test, 74% 
of physicians perform in-of fi ce tests on a single stool speci-
men collected during digital rectal examination; the in-of fi ce 
test is considered a poor test that misses 95% of advanced 
neoplasia  [  41  ] . Even I-FOBT appears associated with false 

   Table 27.2    Individualized or “speci fi c”  [  4,   11,   16–  18,   20,   22,   23,   25, 
  27,   28,   30,   31,   34,   40,   49,   51,   57,   61–  63,   65  ]    

 Antinuclear antibody 
  Is positive with illnesses, e.g., systemic lupus, scleroderma, etc. 
  Can be drug-induced positive (anticonvulsants, hydralazine) 
  Positive ANA in low titers common in the old 
 Ferrokinetics 
  Serum iron, total iron-binding capacity, ferritin 
   Used in conjunction with transferrin saturation, indicator of iron 

availability 
  Ferritin is an acute phase reactant, falsely elevated in in fl ammation 
  a B12 and folic acid 
   De fi ciencies are common and occur in up to 25% of the older 

adults 
   B12 levels in borderline range are hard to interpret and may 

require homocysteine and methylmalonic acid assays to con fi rm 
   Additional tests help determine the speci fi c etiology of B12 

de fi ciency such as intrinsic factor antibodies for pernicious anemia 
  a Vitamin D status 
  25 hydroxy D levels, low in 40–50% of older adults 
  Predisposition: diet, restricted mobility, sun exposure, age 
   If calcium levels are low, may be suggestive of vitamin D 

de fi ciency 
  Vitamin D toxicity may present as hypercalcemia 
 Tests for pancreatic function 
  Serum amylase, lipase when speci fi cally warranted 
 Tests for celiac disease, an entity that is generally underdiagnosed 
  Anti-TG IgA and anti-enodomysial IgA 
  Anti-TG IgG if IgA absent 
  HLA DQ2, HLA DQ8 
  a Thyroid function 
  Tests are commonly abnormal from thyroid and nonthyroid illness 
  Initial screen: thyroid-stimulating hormone, free thyroxine 
  Guidelines as to when to initiate screening and frequency vary 
 C reactive protein 
  Nonspeci fi c marker of in fl ammation 
 Homocysteine and methylmalonic acid assays: do not provide 
speci fi c diagnosis in most situations, but are helpful where B12 
levels are borderline 
 Urinalysis and/or culture 
   With history of diabetes, renal disease, polyuria, suspected 

infection, abdominal pain, etc. 
 Fecal tests: examples 
  Fecal occult blood tests 
  Fecal DNA testing for colorectal cancer 
   Clostridium dif fi cile- associated disease 
  Fecal tests for malabsorption 
  Tests for parasitic or other bacterial infection 

   a Opinions and guidelines on testing vary  



26527 Laboratory Tests in Older Adults: Indications, Interpretation, Issues

negative results  [  42  ] . Fecal DNA testing for CRC screening 
is now available. Improvements in stool DNA tests relating 
to sensitivity for CRC and the use of fecal immunochemical 
tests is evolving. Data from a longitudinal cohort of patients 
over age 70 suggest that the net burden could be decreased 
by better targeting FOBT screening and follow up to healthy 
older adults; those with best life expectancy were less likely 
to experience a net burden  [  43  ] . Anticoagulant or aspirin 
therapy, commonly utilized in older adults, does not affect 
the positive predictive value of an immunological fecal occult 
blood test in those undergoing CRC screening as noted in a 
cohort case-controlled study  [  44  ] .  

   Screening for Celiac Disease 

 This is a common but under-recognized entity in the geriatric 
population (see chapter on celiac disease). Finding the sim-
plest and most patient-friendly test has impacted clinical 
practice, along with frustrations attributable to refractory 
cases  [  45  ] . Screening for celiac disease may be a consider-
ation in type 1 diabetes mellitus, autoimmune diseases, 
in fl ammatory bowel diseases, and  fi rst-degree relatives with 
the disease. Serum IgA antibodies to tissue transglutaminase 
(tTG) are increased in active disease (except when IgA-
de fi cient); a related antiendomysial IgA antibody is similar 
in sensitivity and speci fi city  [  46  ] . Relatives of a patient with 
celiac disease may be screened through a blood test or cheek 
swab for HLA DQ2 or HLA DQ8 by polymerase chain reac-
tion; their absence makes celiac disease highly unlikely 
(negative predictive value 100%)  [  46,   47  ] .  

   Screening for Diabetes 

 Testing for diabetes has increased over the years; HbA1c has 
largely replaced the glucose tolerance test  [  48  ] . With the 
increasing prevalence of obesity along with increasing life 
expectancy, diabetes is a common disorder, enhancing the 
value of HbA1c testing. Screening for prediabetes and diabe-
tes appears cost-effective  [  49  ] .  

   Acute Pancreatitis 

 Data covering 1996–2005 suggest an increase in the inci-
dence of acute pancreatitis, in part because of the increased 
testing for pancreatic enzymes; the proportion of ED vis-
its resulting in an inpatient discharge diagnosis of acute 
pancreatitis has been going up  [  50  ] . Serum amylase and 
lipase are relevant here, although both are nonspeci fi c 
when the elevations are less than three times the upper 
normal  [  51  ] . C reactive protein may be a nonspeci fi c 
marker for severity.  

   Testing for Bleeding and Coagulation 

 Routine coagulation testing may have higher yield if based 
on increasing risk of coagulopathy in those on warfarin or 
heparin or with liver disease  [  50,   52  ] . In complex conditions 
such as disseminated intravascular coagulation, although 
several parameters are abnormal, not a single test appears 
suf fi ciently accurate to establish or reject the diagnosis  [  53  ] . 
For coagulation monitoring, an initial questionnaire for 
bleeding history should be used, followed by coagulation 
testing should the history be suggestive  [  54  ] . The change in 
paradigm is the increasing use of an evidence-based approach 
based on bleeding history and awareness of limitations of 
routine coagulation tests to guide management in the event 
of massive bleeding  [  55  ] . It is essential to obtain a history of 
herbal or supplement use, as they in fl uence bleeding and 
clotting parameters; simulataneous use of garlic, ginger, 
ginkgo biloba, saw palmetto, and ginseng can in fl uence the 
International Normalized Ratio (INR)  [  56,   57  ] .  

   Vitamin D Status 

 Measurement of 25-hydroxy vitamin D is relevant in those 
older adults at risk. Included are presence of any of the fol-
lowing: restricted activity to indoors; not on supplements or 
dairy products; malabsorption or malnutrition; use of 
 medications which metabolize vitamin D (e.g., anticonvul-
sants); chronic liver and kidney disease; in fl ammatory bowel 
disease; and gait abnormalities, falls, and generalized unex-
plained pain. The test should be used in conjunction with 
calcium, phosphorus, and alkaline phosphatase levels  [  31  ] . 
Laboratory testing for vitamin D has increased in the U.S. 
between 2008 and 2009, in part from a greater awareness of 
vitamin D de fi ciency  [  58  ] . Excessive consumption of “over 
the counter” remedies with vitamin D can result in high lev-
els and hypercalcemia  [  59  ] .  

   Testing for  Clostridium dif  cile  

 The topic of C. diffi cile infection is detailed in chapter 54. 
A meaningful choice has to be made between enzyme immu-
noassays for toxin A and B, detection of  Clostridium dif fi cile  
glutamate dehydrogenase, cell culture cytotoxicity, and PCR-
based assays for toxin detection; tests vary in sensitivity and 
speci fi city  [  60–  62  ] .  

   Antinuclear Antibodies 

 Autoimmune diseases are common with no age group 
exempt. However the tests lack sensitivity and standardiza-
tion and include false positives and negatives  [  63  ] . In fact, 



266 T.S. Dharmarajan and C.S. Pitchumoni

false positive tests ANA without disease are more common 
than systemic lupus, a frequent cause being older age. 
Besides low titer positivity that is common in the geriatric 
patient, medications such as hydralazine, anticonvulsants, 
and isoniazid are associated with a positive test, as also cer-
tain nonviral hepatitis and primary biliary cirrhosis.  

   Homocysteine 

 Homocysteine levels are increased in a variety of situations 
such as aging, chronic kidney disease, and hypothyroidism, 
in addition to vitamin B12, folic acid, and B6 de fi ciencies, 
indicating that the test is not speci fi c. Routine testing for 
homocysteine is not warranted including the consideration in 
in fl ammatory bowel disease, although 13% of all in fl ammatory 
bowel disease patients had elevated levels in a study  [  64  ] . 
The provider should be knowledgeable about the application 
and interpretation of elevated homocysteine levels  [  65  ] .   

   Selecting Tests Prior to a Procedure 

 In general, the best approach to choosing tests prior to a sur-
gical or gastrointestinal (GI) procedure is to make the selec-
tion based on a comprehensive history and physical 
examination, including an understanding of the current (and 
recent) prescribed and over-the-counter medications; the list 
should include herbals and ophthalmic preparations. History 
is targeted to relevant aspects in light of the procedure to be 
performed; e.g., is the procedure just endoscopy or endos-
copy plus biopsy and excision of a lesion? Will there be 
blood loss? Is this likely based on the history, comorbidity, 
and current medication intake? 

 In a study of 19,557 older adults, over 9,000 patients 
underwent cataract surgery  without  routine testing, compared 
to a similar number  on routine  testing. Routine medical test-
ing did not measurably increase the safety of surgery  [  66  ] . 
Although this was not a gastrointestinal procedure, lessons 
can be learnt from the data. More was expected from the phy-
sician’s physical assessment compared to the yield from labo-
ratory testing  [  67  ] . The results may be extrapolated to other 
low-risk procedures. More than 30 years of evidence suggests 
that a focused history and physical examination and minimal 
selective laboratory tests may be best, with costs optimized 
by this approach  [  68  ] . A healthy older adult in good func-
tional state, undergoing evaluation for hernia surgery, requires 
little by way of testing; here there is little need for prothrom-
bin time and partial thromboplastin time, as they are clini-
cally insigni fi cant for the concerned procedure and may only 
delay surgery  [  1,   67  ] . On the other hand, after adjustment for 
age and comorbidities, serum albumin level (along with chest 
X-ray) was a predictor of postoperative complications in the 

elderly with hip fracture  [  69  ] . As preoperative predictors of 
mortality, hypoalbuminemia, acute renal impairment and 
high white cell count were present in 11, 24, and 33% of 70+ 
year olds tested in a study, where only 47% had all the tests 
 performed  [  70  ]  (Table  27.3 ).   

   Testing Prior to Endoscopy 

 Generally follow the guideline suggested above. There is 
insuf fi cient data to determine the bene fi t of routine labora-
tory testing before endoscopy procedures  [  71  ] . Without 
evidence of a bleeding disorder or coagulopathy, the pro-
thrombin time, INR, and partial thromboplastin time neither 
predicts nor correlates with intra- or postoperative bleeding. 
In fact, when bleeding does occur, it was more often in those 
with normal coagulation factors in absence of clinical risk 
factors  [  71  ] . Routine platelet counts are not advised in the 
absence of history or examination suggestive of thrombocy-
topenia. The recommendations are clearly stated in a position 
statement  [  71  ] . 

   Table 27.3    Preprocedure testing a   [  1,   3,   13,   14,   35,   54,   55,   67,   68, 
  70,   71  ]    

 General 
   Tests are best individualized based on a comprehensive history and 

physical examination 
   Full medication review: prescribed, topical, ophthalmic, herbals, 

and other supplements; include over-the-counter medications 
   Blood tests do not require repeating if performed in the recent past 

and the patient’s clinical status is unchanged 
 In the healthy, asymptomatic older adult 
  Hematological 
   Hemoglobin level if blood loss is expected 
   Complete blood count if costs are reasonable 
   Platelet counts if indicated by history or examination 
  Renal, electrolyte, and metabolic 
   Serum creatinine and BUN in those over 40 years 
   Blood glucose, including screening for prediabetes and diabetes 
   Electrolytes based on indication (e.g., diuretic use) 
   Coagulation parameters when suggested by history or examination 
 In the older adult with comorbidity 
  Testing is individualized to history and comorbidity; examples 
    In CKD, tests for renal function and electrolytes (such as sodium, 

potassium, bicarbonate) 
   In a diabetic, besides glucose, tests for end organ damage 
   In cardiac disease, specialized cardiac testing 
    In the obese, tests for metabolic syndrome and organ dysfunction 
   Liver function, with a history of alcoholism 
    With a bleeding history, obtain history of medication use 

(anticoagulants, aspirin, herbals) and test for liver function, 
platelet counts, bleeding, and clotting parameters 

    Blood type and cross match: in anemia and with anticipated 
blood loss 

   a Chest radiographs, electrocardiogram, and additional tests may war-
rant consideration, based on age and/or comorbidity  
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 Several concerns relating to laboratory testing are com-
monly encountered by the patient or provider; a partial list 
is summarized in Tables  27.4  and  27.5 . Ordering a test 
requires assessing the likelihood that a patient has speci fi c 
conditions prior to the order, along with an understanding of 
the accuracy of test and as to how it will change manage-
ment  [  72  ] . Speaking with the patient is the  fi rst choice and 
bene fi ts from the test should outweigh risks; no test (not 
even a noninvasive one) is benign; in this regard, often less 
is more  [  72  ] .   

  Key Points 

    Although a large number of laboratory tests are available as • 
screening option, the best approach would be to individual-
ize testing based on history and physical examination.  
  Signi fi cant abnormalities do not occur solely from aging.  • 
  Abnormal test results in the elderly more likely indicate • 
underlying disease.  
  Test results are in fl uenced by several factors, including • 
gender race, fasting or fed state, and medication or 
herbals.  
  The probability of abnormal test results increases in the • 
older adult, in much part due to underlying comorbidity.  
  Preprocedure testing is best guided by a focused history • 
and examination, current medications, and planned 
procedure.  
  In the hospital setting, judicious ordering of tests may be • 
associated with lower cost and negative consequences.  
  Test results must be followed by providers and abnormal • 
test results addressed.          
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         Introduction 

 The spectrum of gastrointestinal (GI) pathology in the geri-
atric individual is diverse and affects all sites in the GI tract. 
Progress in gastroenterology has been rapid, with histopa-
thology today playing an important role in diagnosis and 
management. Improvements in diagnostic modalities including 

high-resolution endoscopy, endoscopic ultrasound,  fi ne needle 
aspiration, and optically targeted biopsies have enhanced the 
diagnostic yield and accuracy of histopathological diagnosis 
in patient care. 

 This chapter illustrates the role of pathology in the diag-
nosis of a variety of classical and newer GI disorders in the 
geriatric population. The chosen disorders are relevant in the 
elderly and detailed elsewhere in the text.        
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  Fig. 28.1            

  Fig. 28.2            

 Re fl ux esophagitis (Fig.                                          28.1a, b ) 

 Re fl ux esophagitis presents a variety of different but overlapping microscopic manifestations. A. In this biopsy, the squamous esophageal 
mucosa features prominent dilated capillaries, or vascular lakes, corresponding endoscopically to mucosal erythema. The surrounding 
squamous cells are swollen and contain densely eosinophilic cytoplasm. This squamous “ballooning” is caused by intracellular leakage of 
plasma protein across chemically injured cell membranes. B. Biopsy of another patient with re fl ux esophagitis showing basal cell hyperplasia, 
re fl ecting increased cell turnover, and scattered eosinophils 

 Barrett esophagus (Fig.  28.2a, b ) 

Barrett esophagus, defined as metaplastic replacement of the squamous esophageal mucosa by columnar mucosa, occurs in approximately 10% 
of individuals with chronic gastroenteric reflux. A. Short-segment Barrett esophagus, observed with narrow band imaging, featuring an 
irregular tongue of dark mucosa that extends into the tubular esophagus. B. The metaplastic columnar epithelium consists of cells with 
microvesicular cytoplasm interspersed with goblet cells with a single large mucin vacuole. (Inset) Alcian blue stain highlights the goblet cells, 
helping distinguish them from gastric surface cells
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  Fig. 28.3            

  Fig. 28.4            

 Barrett dysplasia (Fig.  28.3a, b ) 

 Barrett dysplasia, a neoplastic change that precedes the development of esophageal adenocarcinoma, occurs in up to 20% of patients with 
Barrett esophagus. A. Low-grade dysplasia is characterized by glandular and surface epithelium with darkly stained, crowded nuclei. The 
nuclei have a parallel con fi guration and are mostly con fi ned to the base of the cells. B. High-grade dysplasia features epithelial cells with 
disorderly, strati fi ed nuclei that occupy a large proportion of the cytoplasm 

 Barrett adenocarcinoma (Fig.  28.4a, b ) 

 Esophageal adenocarcinoma occurs in a subset of patients with Barrett esophagus at a rate estimated at 5% per decade. A. Esophagectomy 
specimen containing an ulcerated, stricturing mass which invades transmurally into the surrounding soft tissue. Arrow highlights the squamo-
columnar junction. B. Another tumor consisting microscopically of malignant glands invading into the esophageal wall. The overlying 
squamous mucosa has re-grown following previous ablation of dysplastic Barrett mucosa by photodynamic therapy. (Inset) Protuberant mass 
arising in partially columnar-lined esophagus 
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  Fig. 28.5            

 Esophageal squamous cell carcinoma (Fig.  28.5a, b ) 

 Squamous cell carcinoma in a patient who presented with dysphagia and weight loss. A. Esophagectomy specimen with ulcerated tumor mass 
surrounded above and below by squamous mucosa. B. Microscopically, the tumor consists of solid sheets of cohesive tumor cells. Scattered 
groups of keratinized tumor cells appear as dyscohesive eosinophilic cells 

 Candida esophagitis (Fig.  28.6 ) 

 Candida esophagitis presents microscopically as pseudomembranes consisting of fungal spores, pseudohyphae, and desquamated squamous 
cells. The fungi are best seen with special stains such as this silver impregnation stain. (Inset) Endoscopically, the pseudomembranes present as 
whitish mucosal plaques 

  Fig. 28.6            
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  Fig. 28.7            

  Fig. 28.8            

 Herpes esophagitis (Fig.  28.7 ) 

 Herpes esophagitis presents endoscopically as mucosal vesicles and erosions. Microscopically, one observes desquamated squamous cells with 
single or multiple “ground glass” nuclei characterized by grayish central pallor. (Inset) Immunoperoxidase stain for Herpes antigen 

 Eosinophilic esophagitis (Fig.  28.8 ) 

 Eosinophilic esophagitis has distinctive microscopic features, among which are collections of intramucosal eosinophils layered near the 
surface, sometimes admixed with desquamating squamous cells as shown in this example. (Inset) Endoscopically, the mucosa may appear 
ringed and may also feature vertical furrows and tiny white mucosal patches that correspond to desquamative foci 
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  Fig. 28.10            

 Hypergastrinemia (Fig.  28.9a, b ) 

 Hypergastrinemia, usually associated with chronic use of proton pump inhibitors or less commonly with Zollinger–Ellison syndrome, causes 
striking hyperplasia of the gastric parietal cells. A. The oxyntic glands have dilated lumens lined by abundant parietal cells. (Inset) The parietal 
cells are enlarged, vacuolated, and protrude into the lumen, producing a sawtooth pro fi le. B. Chronic use of PPIs also results in single or 
multiple gastric fundic gland polyps that consist of cystically dilated foveolar and oxyntic-lined glands with increased parietal cells 

 Iron pill gastropathy (Fig.  28.10 ) 

 Deposition of therapeutic iron, a potential cause of erosive gastritis, presents microscopically as subsurface basophilic- and gold-colored 
deposits (arrows). (Inset) The iron particles can be highlighted with Perl’s Prussian blue stain 

  Fig. 28.9            
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  Fig. 28.11            

  Fig. 28.12            

 Other chemical gastropathies (Fig.  28.11a, b ) 

 A. Bile re fl ux gastropathy presents microscopically with corkscrew-shaped foveolae lined by mucin-de fi cient, basophilic columnar epithelium. 
(Inset) Endoscopically, the gastric mucosa is erythematous and covered with bile-tinged secretions. B. NSAID-associated erosive gastritis. The 
mucosa contains a discrete erosion covered by  fi brinous exudate (arrow). The adjacent intact foveolae are similar to those in bile re fl ux 
gastropathy 

 Chronic gastritis (Fig.  28.12a, b ) 

 A.  Helicobacter pylori -associated gastritis featuring dense mononuclear in fl ammatory cell in fi ltrates. (Inset) Immunoperoxidase stain 
highlights the slender bacilli attached to the gastric surface epithelium. B. Hyperplastic gastric polyp. These polyps occur singly or multiply in 
the setting of chronic gastritis. They consist microscopically of tortuous, dilated gastric foveolae surrounded by expanded, chronically in fl amed 
stroma 
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  Fig. 28.13            

  Fig. 28.14            

 Gastric adenoacarcinoma (Fig.  28.13a, b ) 

 A. Large, ulcerated tumor occupying the gastric antrum. (Inset) Microscopically, the tumor consists of malignant, partially formed glands and 
is classi fi ed as “intestinal” (Lauren classi fi cation). B. Ulcerated tumor occupying the pylorus. (Inset) Microscopically, the tumor consists of 
signet ring cells, i.e., dyscohesive cells with mucin vacuoles and peripherally displaced crescentic nuclei, and is classi fi ed as “diffuse” 

 GIST (Fig.  28.14a, b ) 

 Gastrointestinal stromal tumors (GIST) may arise throughout the gastrointestinal tract or abdomen. They vary with respect to malignant 
potential from essentially benign to highly malignant, the distinction depending mainly on location, size, and mitotic activity. A. 8 cm GIST of 
low malignant potential protruding from the serosal aspect of the stomach. The cut surface reveals a well-circumscribed, grey-white, mostly 
solid mass. B. Microscopically, the tumor consists of whorls of uniform spindle cells with absent mitotic  fi gures. (Inset) Immunohistochemical 
expression of the c-Kit tyrosine protein kinase (CD117) occurs in the great majority of GISTs and helps distinguish them from other spindle 
cell tumors 
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  Fig. 28.15            

  Fig. 28.16            

 NSAID-associated enteropathy (Fig.  28.15a, b ) 

 Excessive use of NSAIDs may result in enteric erosions or, less commonly, formation of intestinal diaphragms. A. Segment of small intestine 
with multiple transverse septa. B. Close-up view of diaphragm with central lumen 

 Celiac disease (Fig.  28.16 ) 

 Celiac disease featuring numerous intraepithelial lymphocytes, villous blunting, and elongated crypts. Of these characteristics, the most 
sensitive, though not necessarily speci fi c, is intraepithelial lymphocytosis. The other features are absent in some patients, especially those with 
mild symptoms. (Inset) Endoscopically, scalloping of the small intestinal mucosa is a clue to the diagnosis of celiac disease, albeit not a 
speci fi c feature 
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  Fig. 28.18            

  Fig. 28.19            

 Small intestinal diverticulosis (Fig.  28.17 ) 

 Small intestinal diverticulosis, a potential cause of bacterial overgrowth and malabsorption syndrome, usually occurs in elderly patients. 
Multiple bulging diverticula are seen along the mesenteric insertion 

 Ulcerative colitis (Fig.  28.18a, b ) 

Ulcerative colitis. A. Colectomy specimen (top, cecum; bottom, rectum) with mildly active pancolonic disease manifested by diffuse attenua-
tion of the normal mucosal folds and patchy erythema in areas of active inflammation. B. Microscopically, the mucosa features disorganized 
crypt architecture and a thickened muscularis mucosae, but no inflammation of the deeper layers

 Crohn’s disease (Fig.  28.19a, b ) 

 Crohn’s disease. A. Resected small intestine featuring mural thickening, multiple in fl ammatory strictures, and ulcerated mucosa. B. 
Microscopic features of Crohn’s disease including in fl ammatory polyps, transmural lymphoid aggregates, and chronic subserosal in fl ammation 
with granulomas (arrow) (Inset) Epithelioid cell granuloma at high magni fi cation. 

  Fig. 28.17            
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  Fig. 28.20            

  Fig. 28.21            

 Ischemic colitis (Fig.  28.20a, b ) 

 Ischemic colitis can vary greatly in clinical severity, mild cases affecting the mucosa and more severe cases involving progressively deeper 
layers of the colonic wall. A (Inset). Mild ischemia in a patient with abdominal pain and rectal bleeding presenting endoscopically with 
mucosal petechia and red-brown discoloration. Microscopically, the colonic crypts, especially near the surface, are narrowed and depleted of 
goblet cells and the lamina propria is eosinophilic due to leakage of plasma protein from damaged capillaries. B. Moderately severe ischemic 
colitis with extensive ulceration but no evidence of peritonitis 

 Antibiotic-associated colitis (Fig.  28.21 ) 

 Pseudomembranous colitis, the most severe manifestation of antibiotic-associated colitis, presents microscopically with dilated, mucin- fi lled 
colonic crypts, and overlying mucosuppurative exudates that appear to spew forth from a necrotic surface. On the far left, nearly the entire 
thickness of the mucosa has been effaced by necrosis. (Inset) Resected colon containing tan, plaque-like pseudomembranes each surrounded 
by a halo of erythema. Although  Clostridium dif fi cile  accounts for most cases of pseudomembranous colitis, other bacterial pathogens 
including  Shigella , enterohemorrhagic  Escherichia coli,  and  Klebsiella oxytoca  can have similar manifestations 

 

 



282 N. Harpaz et al.

  Fig. 28.23            

 Melanosis coli (Fig.  28.22 ) 

 Abuse of laxatives may result in melanosis coli, a dark brown mucosal pigmentation, manifested in this case by a “leopard skin” pattern. 
(Inset) Microscopically, the mucosa contains clusters of histiocytes with brown cytoplasmic lipofuscin pigment, a breakdown product of 
apoptotic epithelial cells 

 Radiation proctitis (Fig.  28.23a, b ) 

 Radiation proctitis following pelvic radiotherapy in a patient presenting with rectal pain and bleeding. A. Endoscopic  fi ndings include 
localized or diffuse hyperemia, petechia, or telangiectasias. B. Microscopically, the mucosa contains dilated, thrombosed subsurface capillaries 
(arrows) 

  Fig. 28.22            
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  Fig. 28.24            

  Fig. 28.25            

 Serrated colorectal polyps (Fig.  28.24a, b, c ) 

 Serrated colorectal polyps affect similar demographic groups as conventional colorectal polyps, the great majority arising in middle age and 
beyond. A. Hyperplastic polyp. This tends to be quite small and is usually situated in the distal colorectum. Microscopically, the upper portion 
of the crypts is expanded and has a serrated luminal pro fi le but the basal portion is tapered and has a circular lumen. B. Sessile serrated polyp, 
also known as sessile serrated adenoma. This polyp tends to be larger and more frequently right-sided than hyperplastic polyps. 
Microscopically, the crypts are hyperserrated along their entire length and some have a  fl at base that extends laterally forming an inverted T. C. 
Traditional serrated adenoma. This polyp also tends to be large and occurs anywhere in the colorectum. The epithelium is dysplastic and 
features eosinophilic cytoplasm and crowded, elongated nuclei. Sessile serrated polyps and traditional serrated polyps are both considered 
precancerous lesions 

 Colorectal adenoma (Fig.  28.25a, b ) 

 Colorectal adenomas occur anywhere in the colorectum and vary greatly in size and con fi guration. The likelihood of harboring cancer is 
directly related to their size, multiplicity, and severity of histologic dysplasia. A. Large, sessile colorectal adenoma. (Inset) Microscopically, 
this portion of the adenoma consists of crowded tubular structures. B. The lining epithelium, seen at high magni fi cation, consists of dysplastic 
columnar epithelial cells with crowded, elongated, dark-staining nuclei 
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  Fig. 28.27            

  Fig. 28.28            

 Colorectal cancer (Fig.  28.26a, b ) 

 A. Protuberant cecal adenocarcinoma with granular, hemorrhagic surface. B. Typical histological appearance of colorectal cancer featuring 
columnar cells with a gland-within-gland arrangement and surrounding  fi brotic stroma. 

 Diverticulitis (Fig.  28.27 ) 

 Diverticulitis of the sigmoid colon complicated by a mesenteric abscess (white arrow) 

 Extranodal lymphoma (Fig.  28.28a, b ) 

 Extranodal lymphomas arise most frequently in the gastrointestinal tract. A. Small intestine with diffuse large B cell lymphoma presenting as 
an ileal tumor mass. Cut section reveals  fl eshy tan (“ fi sh  fl esh”) parenchyma that replaces the intestinal wall. B. Microscopically, the tumor 
consists of large, atypical monomorphous cells. (Inset) Immunostain for Pax-5, a transcription factor speci fi c for B lymphocytes 

  Fig. 28.26            
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  Fig. 28.30            

 Autoimmune hepatitis (Fig.  28.29 ) 

 Autoimmune hepatitis. Liver needle biopsy with lobular and portal lymphoplasmocytic in fl ammatory cell in fi ltrates, interface hepatitis, and 
hepatocyte necrosis 

 Hepatocellular carcinoma (Fig.  28.30 ) 

 Hepatocellular carcinoma may present diverse histological appearances. This example features trabecular architecture and bile secretions 
(arrows). (Inset) Caudate lobectomy specimen with well-demarcated, slightly green tumor nodule that is grossly diagnostic of HCC 
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 Steatohepatitis (Fig.  28.31 ) 

 Steatohepatitis is characterized microscopically by large droplet steatosis, ballooning hepatocyte degeneration, and mild lobular in fl ammation 

 Primary sclerosing cholangitis (Fig.  28.32 ) 

 Biliary tract in primary sclerosing cholangitis shows periductal “onion-skin”  fi brosis 

  Fig. 28.31            

  Fig. 28.32            
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  Fig. 28.33            

  Fig. 28.34            

  Fig. 28.35            

 Gallbladder adenocarcinoma (Fig.  28.33a, b ) 

 A. Liver with cholangiocarcinoma of gallbladder. The wall is circumferentially thickened and replaced by a scirrhous, white tumor. B. 
Microscopically, the tumor consists of large, irregularly-shaped glands surrounded by reactive  fi brous stroma 

 Metastatic colon cancer (Fig.  28.34 ) 

 Segmental liver resection with isolated metastasis of colonic adenocarcinoma. Macroscopically, the yellow-grey color, central  fi brosis, and 
irregular, in fi ltrative borders are typical of such lesions 

 Primary biliary cirrhosis (Fig.  28.35 ) 

 Primary biliary cirrhosis. This liver biopsy shows lymphoplasmocytic in fl ammation of portal tracts, bile ductular damage (yellow arrows) and 
periductular granulomatous reaction (white arrow) 
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 Pancreatic cancer (Fig.  28.36a, b ) 

 A. Whipple resection specimen with pancreatic adenocarcinoma. An ill-de fi ned  fi rm, white tumor mass has replaced the normal lobulated 
pancreatic parenchyma. The distal bile duct is dilated as a result of tumor compression, accounting for the patient’s clinical presentation with 
painless jaundice. B. Microscopically the tumor consists of well-differentiated glands in fi ltrating atrophic pancreatic parenchyma 

 Pancreatic serous cystadenoma (Fig.  28.37 ) 

 Pancreatic serous cystadenoma is slow-growing and almost invariably benign and usually arises in the pancreatic tail, thus rarely causing 
jaundice. Microscopically, it consists of numerous small cysts of  fi brous tissue sepata lined by a single layer of cuboidal or  fl at epithelial cells 
with clear cytoplasm and small, uniform nuclei. (Inset) Grossly, the tumor presents as a grayish, well-circumscribed microcystic mass 

  Fig. 28.36            

  Fig. 28.37            
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 Intraductal papillary mucinous neoplasm (IPMN) (Fig.  28.38a, b ) 

 Pancreatic intraductal papillary mucinous neoplasm (IPMN). A. Pancreas sectioned to reveal the main duct (red arrows) and cystically dilated 
branch ducts with mucinous contents (black arrows). B. Microscopically, the duct is lined by neoplastic fronds and tubules and surrounded by 
atrophic fi brotic parenchyma 

 Chronic pancreatitis (Fig.  28.39 ) 

 Chronic pancreatitis is manifested microscopically by atrophy of the acinar and ductal pancreatic tissues associated with chronic in fl ammation 
and  fi brosis. The pale regions on the right correspond to fat necrosis 

  Fig. 28.39            

  Fig. 28.38            
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 Pancreatic pseudocyst (Fig.  28.40 ) 

 Pancreatic pseudocyst, consisting of a  fi brous wall without any epithelial lining, results from cystic necrosis of pancreatic and surrounding soft 
tissues in the setting of acute pancreatitis. The inner surface of this resected cyst is blood-stained due to intracystic hemorrhage 

  Fig. 28.40            
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            Introduction 

 Dysphagia is common in older patients requiring prompt 
evaluation  [  1  ] . The differential diagnosis in patients with 
dysphagia is broad because the mechanisms involved are 
varied (Fig.  29.1 ). The tests available to evaluate dysphagia 
are associated with both risks and costs, not to mention 
inconvenience and discomfort, particularly in the geriatric 
patient. It is therefore incumbent on clinicians who care for 
the elderly to have a well-organized diagnostic strategy that 
will lead to the diagnosis with the least amount of testing and 
discomfort.  

 While dysphagia can be caused by devastating diagnoses 
such as a massive cerebrovascular accident or cancer, many 
causes are acute or subacute conditions for which effective 
treatments are available and can result in signi fi cant improve-
ments in quality of life. Dysphagia may be the  fi rst symptom 
of a systemic disorder that would bene fi t from an early diag-
nosis. Furthermore, dysphagia may be iatrogenic. 

 Dysphagia is categorized by location and cause (Fig.  29.1 ). 
Diagnostic evaluation begins by determining whether the 
problem is associated with dif fi culty in transferring oral con-
tents through the pharynx and into the esophagus or within 
the esophagus. While this sounds simple, patients are com-
monly referred for the wrong test and the wrong specialist. 
Oropharyngeal (or transfer) dysphagia (OPD) and esopha-
geal dysphagia can be further categorized as in fl ammatory, 
mechanical, or functional. 

 Functional causes of oropharyngeal or esophageal 
 dysphagia present the greatest challenge to the clinician. 
Unlike many other gastrointestinal symptoms, dysphagia is 
rarely due to psychopathology. In fact, the one diagnosis that 
had frequently been attributed to anxiety, globus “hysteri-
cus,” is now known to be caused by gastroesophageal re fl ux 
in the vast majority of patients. On the other hand, many dis-
orders that cause dysphagia can be considered “functional” 
because they are due to disorders of extrinsic or intrinsic 
nerves or muscular disorders that cannot be appreciated by 
standard radiographic, endoscopic, or blood tests. Many are 
unable to bene fi t from effective treatment because they were 
led to believe that their problem was “all in the head.” It is 
important therefore for physicians who care for the elderly to 
be well informed of the bene fi ts, limitations, and risks of 
tests used to evaluate dysphagia. 

 Dysphagia is common in the elderly. Up to 50% of nurs-
ing home residents manifest dysphagia. Furthermore, even in 
elderly patients who deny dysphagia, functional studies of 
swallowing are abnormal in 63%  [  2  ] . In addition to impaired 
quality of life, dysphagia predisposes to risk of aspiration 
pneumonia, chronic cough, and malnutrition.  

   Diagnosis 

   Diagnostic Approach 

 The initial diagnostic approach must be to determine the 
urgency in pursuing the diagnosis and to effectively locate 
the site of the disorder causing dysphagia. The urgency of 
the evaluation is determined by the presence of alarm symp-
toms and signs. Several disorders lead to dysphagia includ-
ing central nervous system disease, disorders of the peripheral 
nerves or neuromuscular apparatus, oral lesions, pharyngeal 
pathology, upper, mid, and lower esophageal dysfunction, 
impairment of the lower esophageal sphincter, and gastric 
causes. Dysphagia all too often results from primary or 
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 secondary malignancies of the oropharynx or esophagus or, 
much less commonly, from masses external to the pharynx, 
esophagus, or stomach.  

   Alarm Signs and Symptoms 

 Dysphagia in any patient over the age of 40 should be con-
sidered an alarm symptom. Associated symptoms that are 
imperative for more diagnostic studies include weight loss, 
blood loss, progressively severe symptoms, symptoms that 
awaken the patient from sleep, and odynophagia. 
Odynophagia, or pain associated with swallowing, results 
when there is a break in the mucosa protecting the esopha-
gus. While most commonly the manifestation is due to 
benign causes such as esophagitis from acid re fl ux, infec-
tions, eosinophilic in fi ltrate, or pills, it may also result from 
malignant invasion. Esophageal disorders that cause dys-
phagia rarely present with overt bleeding such as hematem-
esis, melena, or hematochesia. In contrast, occult bleeding 
from the esophagus may be rarely a cause of iron de fi ciency. 
Therefore, evidence of occult blood loss should be sought by 
fecal occult blood testing and a blood count. 

 In addition to weight loss, any other information from his-
tory or physical examination that raises the probability of 
cancer risk should warrant immediate, thorough evaluation. 
Anorexia, dysgeusia, and early satiety often precede weight 
loss. Symptoms of dysphagia associated with chronic acid 
re fl ux including heartburn, regurgitation, and chest pain are 
most commonly due to benign disorders but should also 
heighten the concern for malignancy, particularly in the 
elderly, because the most common esophageal cancer devel-
ops in patients with Barrett’s metaplasia  [  3  ] . The duration 
and extent of tobacco and alcohol use potentiate each other 
to increase the risk for esophageal squamous cell cancer 

(SCCa)     [  4  ] . Alcohol and tobacco use also increase the risk 
for head and neck SCCa that can cause OPD. Extra-
esophageal malignancies, especially lung, breast, melanoma, 
or lymphoma, rarely cause    dysphagia. 

 New onset of neurologic symptoms or signs warrants 
evaluation. Neurologic disorders lead to oropharyngeal and 
esophageal dysphagia. Thus every patient with dysphagia 
requires a thorough neurologic examination. The early detec-
tion of cranial nerve disorders can be lifesaving. Dysphagia 
is a common early symptom of neurologic disorders includ-
ing multiple sclerosis, myasthenia gravis, and amyotrophic 
lateral sclerosis (Table  29.1 ). Cerebrovascular accidents 
(CVAs), particularly brain stem involvement, commonly 
cause dysphagia. While this may result from an obvious 
acute stroke, it may also result from multiple small vessel 
infarcts that may evade easy diagnosis.   

  Fig. 29.1    Localizing the 
cause of dysphagia       

   Table 29.1    Etiologies of transfer dysphagia   

 Central and peripheral nervous system disorders 
  Cerebrovascular accident with pseudobulbar palsy 
  Dementia 
  Multiple sclerosis 
  Amyotrophic lateral sclerosis 
  Parkinson’s disease 
  Brainstem tumors (primary or metastatic) 
  Tabes dorsalis 
  Bulbar poliomyelitis 
  Peripheral neuropathies (botulism, diphtheria, diabetes) 
 Diseases of the motor end-plate 
  Myasthenia gravis 
 Myopathies 
  Polymyositis 
 Upper esophageal sphincter (UES) disorders 
  Cricopharyngeal achalasia 
  Zenker’s diverticulum 
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   Distinguishing Esophageal from Oropharyngeal 
Dysphagia 

 The challenge in localizing the source of dysphagia results 
from the frequency of referred symptoms. Most patients with 
esophageal dysphagia refer their symptom to the supraster-
nal notch or even the neck, when the obstruction is much 
lower in the chest. Therefore, any patient presenting with 
dysphagia referred to the lower neck or suprasternal notch 
should be considered non-informative. In contrast, dysphagia 
described as inferior to the suprasternal notch, in the subster-
nal area, reliably localizes the source. 

 Other symptoms may help localize the cause of dys-
phagia. OPD is suggested by nasopharyngeal regurgitation, 
aspiration, cough while eating, dysphonia, drooling, and 
presence of neurologic symptoms. Recurrent aspiration 
pneumonia or unexplained interstitial pneumonia also sug-
gests a disorder that causes transfer dysphagia. Physical 
 fi ndings of OPD include the presence of oropharyngeal mass, 
ulceration, neck mass, or cervical adenopathy. Detection of a 
gurgling sound by placing a stethoscope on the neck sug-
gests a Zenker’s diverticulum. 

 Other historical features or symptoms may identify dys-
phagia to the esophagus (Table  29.2 ). The most common asso-
ciations with esophageal dysphagia are gastroesophageal 
re fl ux including heartburn, regurgitation, and chest pain. 
Every patient with dysphagia should be enquired about 
Raynaud’s phenomenon (alteration in color of their  fi ngers on 
cold exposure). Findings of sclerodactyly, telengiectasia, cal-
cinosis, or ulcerations of the digits or ears should raise con-
cerns for secondary dysphagia from connective tissue disorders 
such as scleroderma, CREST syndrome, mixed connective 
tissue disease, or overlap    syndrome (Table  29.3 ). Symptoms 
of allergies, hay fever, asthma, and eczema are associated with 
eosinophilic esophagitis    (EoE). A history of a compromised 
immune system raises the risk for infectious esophagitis.   

 Sold food dysphagia is detailed in Table  29.4 . History of 
prescription and over-the-counter medications is essential in 
all patients with dysphagia. Medications that lead to esopha-
geal injury are listed in Table  29.5 .     

   Table 29.2    Primary disorders of esophageal motility   

 Hyper-contractile state 
  Achalasia 
  Secondary achalasia 
   Chagas disease 
   Paraneoplastic 
  Diffuse esophageal spasm (DES) 
  Isolated hypertonic LES (nutcracker esophagus) 
 Impaired contractile states 
  Ineffective esophageal motility (IEM) 
  Isolated hypotensive LES 
  Diffuse motility disorder 

   Table 29.3    Secondary motility disorders of the esophagus   

 Connective tissue disorders 
  Progressive systemic sclerosis (scleroderma) 
  CREST syndrome 
  Systemic lupus erythematosus (SLE) 
  Mixed connective tissue disorder (MCTD) 
  Overlap syndromes 
 Metabolic disorders 
  Diabetes 
  Hypothyroidism 
  Hyperthyroidism 
 Amyloidosis 
 Chronic idiopathic pseudo-obstruction 
 Gastric causes 
  Benign 
   Paraesophageal hernia 
   Gastric torsion 
   Gastric carcinoma 
   Gastric lymphoma 
 Malignancies 
  Pseudo achalasia 
  Paraneoplastic syndrome 
 Miscellaneous 
  Oropharyngeal abscess 
  Cervical osteophytes 

   Table 29.4    Etiology of solid food dysphagia   

 Esophagitis 
  Peptic stricture, including GERD 
  Barrett’s esophagus 
  Prolonged use of nasogastric tubes 
 Caustic stricture 
 Pill esophagitis 
 Iatrogenic injury 
  Radiation 
  Endoscopy 
  Surgery 
 Infections 
  Candida 
  Cytomegalovirus (CMV) 
  Herpes simplex virus (HSV) 
  Human immunode fi ciency virus (HIV) 
 Extrinsic compression 
  Vascular 
  Dysphagia aortica 
  Dysphagia lusoria 
   Mediastinal mass (benign, malignant, infections such as 

tuberculosis) 
 In fl ammatory 
  Eosinophilic esophagitis 
  Pemphigus 
  Pemphigoid 
  Stevens–Johnson syndrome 
 Webs and rings 
  Schatzki’s ring 
  Plummer–Vinson syndrome 
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   Common Causes of Dysphagia 

 In a review of patients presenting with esophageal dysphagia 
in a primary care setting, the most common diagnoses were 
esophageal re fl ux (44%), benign strictures (36%), esopha-
geal motility disorder (11%), neoplasm (6%), infectious 
esophagitis (2%), and achalasia (1%)     [  5  ] . 

   Functional Transfer Dysphagia 

 Most patients with normal anatomic evaluation but who still 
have transfer dysphagia suffer from neuromuscular disor-
ders. Video fl uoroscopy is the standard for evaluating such 
disorders. The quality of this subjective study is dependant 
on the skill of the speech language pathologist and supervi-
sor. Functional endoscopic evaluation of swallowing (FEES) 
by a skilled otorhinolaryngologist may also be effective. 
High-resolution impedance manometry may offer quantita-
tive bedside diagnostic analysis in the future  [  6  ] . Since all 
muscles involved with the transfer of oral contents to the 
esophagus are striated and under the control of cranial nerves 
the differential diagnosis includes disorders that require 
evaluation by a neurologist. A partial listing of such disor-
ders is provided in Table  29.1 .  

   Mechanical Causes of Transfer Dysphagia 

 Head and neck cancers are common mechanical causes of 
transfer dysphagia in elderly patients. A history of tobacco 
and alcohol use is common. Hence, patients who do not have 
a proven neurologic cause of transfer dysphagia warrant 
evaluation by a otorhinolaryngologist. The prognosis of 
head and neck malignancies is determined by the size of the 
tumor and the extent of its metastatic extension character-
ized by TNM staging. The otorhinolaryngologist can also 
perform a FEES. 

 Benign mechanical causes of dysphagia may not be easy 
to diagnose. Laryngoscopy and frontal and lateral barium 
swallow should be performed to identify the etiology. Causes 

include enlarged thyroid gland, cervical osteophytes, oropha-
ryngeal abscesses, and surgical scarring  [  7  ] . Hypertrophic 
osteophytes are common, but seldom cause dysphagia. 
Osteophytes at C5–7 levels are most commonly implicated. 

 Zenker’s diverticulum is a common benign mechanical 
cause of dysphagia that develops when there is bulging of the 
Killian’s triangle from dysfunctional contractions of the 
pharynx and incomplete relaxation of the upper esophageal 
sphincter. The cause of Zenker’s diverticula continues to be 
debated. The current theory is that the diverticulum is cre-
ated by incomplete relaxation of a  fi brotic persistently con-
stricting UES causing a bulge of the mucosa over Killian’s 
triangle to create a diverticulum. The diagnosis is made com-
monly by a speech pathologist or radiologist performing a 
barium esophagogram that includes cervical views. A small 
Zenker’s diverticulum may be an incidental  fi nding requiring 
no treatment. Consultation with a speech pathologist may be 
bene fi cial to help alter diet consistency. A related condition 
is cricopharyngeal achalasia caused by hypertrophy, incoor-
dination, and/or incomplete opening of the upper esophageal 
sphincter, which is primarily composed of the cricopharyn-
geus muscle. The diagnosis is relevant because treatment can 
be provided with minimally invasive procedures such as 
injection of botulinum toxin. In more advanced cases, myo-
tomy is required. Caution must be used, however, in over-
diagnosing or overtreatment because the UES provides an 
important secondary barrier to acid re fl ux reaching the air-
way in appropriately diagnosed patients; however, the risk of 
myotomy is acceptable  [  8  ] . Most patients diagnosed with a 
“hypopharyngeal bar” on barium swallow do not have symp-
toms from this  fi nding and should not be treated. When a 
hypertrophic cricopharyngeus is the cause of symptoms, 
dilation can often be bene fi cial. Rarely surgery is necessary.  

   Functional Esophageal Dysphagia 

 Esophageal dysphagia is often due to disordered motility of 
the esophagus. The principal function of the esophagus is to 
transport  fl uids and solids from the oral cavity to the stom-
ach. This seemingly simple task is actually complex due to 
changes in the neuromuscular apparatus that occur during 
this transit. It requires precise but brief opening and closure 
of the upper esophageal sphincter followed by a single peri-
staltic contraction that must transit from ambient pressure to 
negative intrathoracic pressure to positive intra-abdominal 
pressure. It occurs as the lining of the tube transitions from 
strati fi ed squamous epithelium to columnar epithelium with 
their distinct sensory and secretory differences. Perhaps most 
importantly this transition changes from striated muscles 
controlled by the central nervous system to smooth muscle 
that is controlled by intrinsic (enteric) nerves located in the 
myenteric and submucosal nerves that are modi fi ed by 

   Table 29.5    Medications that cause esophageal injury   

 Doxicycline 
 Alendronate 
 Potassium chloride 
 Ascorbic acid 
 Aspirin 
 NSAIDs 
 Quinidine 
 Phenytoin 
 Iron tablets 
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 autonomic nerves and hormones. Hence motility abnormali-
ties are common. While dysphagia results from disruption of 
motor or neuronal function of the pharynx and UES, other 
disorders such as Parkinson’s disease, ALS, and polymyosi-
tis also alter esophageal dysfunction. 

 Intrinsic neuromuscular or functional disorders can be 
characterized by increased or impaired muscular contrac-
tions (Table  29.2 ). Nearly half the patients will have non-
obstructive dysphagia related to acid re fl ux-induced 
esophagitis with or without ulceration  [  9  ] . Empiric dilation 
with rigid dilators has been recommended in patients who 
present with solid food, but not liquid food dysphagia. This 
recommendation is based on both retrospective and prospec-
tive data  [  10,   11  ] . In a prospective randomized trial of through 
the scope (TTS) balloon dilation, there was no bene fi t to bal-
loon dilation of the distal esophagus in patients who did not 
have an obstruction by    endoscopy  [  12  ] . Non-obstructive dys-
phagia is more common in patients with ineffective esopha-
geal motility (IEM). These patients are at great risk for 
esophageal stricture, a  fi nding dif fi cult to appreciate with 
modern, narrow endoscopes. Prokinetic agents that might 
improve impaired esophageal motility are being tested, but 
not currently available. 

 In contrast, there are several modalities available to treat 
esophageal disorders characterized by increased contractil-
ity. These include medications (anticholinergics, calcium 
channel blockers, and nitrates); injection therapy (botulinum 
toxin); mechanical treatment such as balloon dilation in 
patients with hypertensive LES, diffuse esophageal spasm 
(DES), or achalasia  [  13  ] ; and surgery. For patients with seri-
ous concurrent illnesses endoscopic botulinum toxin injec-
tion can provide effective, low-risk relief for 6–9 months. 
With the availability of laparoscopic techniques, Heller myo-
tomy is increasingly used in the treatment of achalasia  [  14  ] . 
Long-term retrospective  [  15,   16  ]  and prospective  [  17  ]  stud-
ies show equivalent bene fi ts and lower risk from pneumatic 
dilation as with surgical myotomy. The treatment chosen is 
based on availability of local expertise and the patient’s 
preference.  

   In fl ammatory Causes of Dysphagia 

 In fl ammation is the most common cause of esophageal dys-
function leading to dysphagia. Hence, endoscopy should be 
performed in all patients with esophageal dysphagia. Acid 
re fl ux is the most common cause of esophageal in fl ammation 
 [  9  ] . Other in fl ammatory conditions are often attributed to 
re fl ux, escaping diagnosis and treatment if endoscopy with 
biopsy is not performed. Causes of esophagitis associated 
with dysphagia include infections, radiation, caustic inges-
tion, and pill esophagitis (Tables  29.4  and  29.5 ). 

 The importance of in fl ammation as a common cause of 
dysphagia and food impaction, even in the absence of 

 ulceration or stricture, is demonstrated by EoE  [  18  ] . Recently, 
EoE has become the most common cause of food impaction. 
While EoE is readily included in the differential diagnosis of 
dysphagia in younger men, this immune disorder can occur 
at any age and is well documented in octogenarians. EoE 
must enter the differential diagnosis because of the increased 
risk of perforation in such patients with vomiting and force-
ful dilation  [  19  ] . In fl ammation due to radiation, infections, 
and pill injury can also cause motility dysfunction leading to 
dysphagia that is in excess of the mucosal injury. 

 Gastroesophageal re fl ux and its complications have 
increased in frequency  [  3  ] . Mucosal injury, dysphagia, and 
Barrett’s esophagus all occur more frequently in the elderly. 
Diagnosis and treatment are obvious in the presence of the most 
complications of GERD including erosive esophagitis, Barrett’s 
associated neoplasms, and esophageal strictures. GERD fre-
quently causes dysphagia even in the absence of endoscopic 
evidence of esophagitis  [  9  ] . Effective therapy of acid re fl ux can 
often relieve dysphagia in such patients. Fundoplication is 
rarely needed and may worsen dysphagia  [  20  ] .  

   Mechanical Causes of Esophageal Dysphagia 

   Malignant Mechanical Obstruction 
 The majority of patients who present with esophageal cancer 
complain of dysphagia; however, 4–7% of patients present 
only with dyspepsia, and not dysphagia  [  21  ] . The patients 
with esophageal cancer who have the best prognosis are 
those diagnosed during surveillance for Barrett’s metaplasia. 
Most patients with malignant mechanical causes of dys-
phagia have a primary esophageal cancer. Rarely neoplasms 
may metastasize to the esophageal wall or invade the esopha-
gus locally from malignancies in the lung or mediastinum. 
Invasion by lung cancers into the esophagus may mimic 
transfer dysphagia by creating a tracheo-esophageal  fi stula 
that leads to aspiration, chronic coughing, and pneumonia. 
A video fl uoroscopic barium swallow will usually clarify the 
diagnosis.   

   Primary Esophageal Cancer 

 Esophageal adenocarcinoma has increased in incidence and 
now exceeds that of SCCa in all age groups  [  3  ] . SCCa occurs 
most commonly in patients who have abused alcohol, 
tobacco, or both. Other risk factors for esophageal SCCa 
have been well described  [  4  ] . 

 Metaplastic epithelium covering the distal esophagus for 
variable lengths with specialized (Goblet Cell) changes 
de fi nes Barrett’s esophagus. This histological  fi nding is 
clearly a premalignant lesion. Patients followed over time 
have a risk of developing esophageal adenocarcinoma, 
 especially males with chronic heartburn  [  22  ] . Fortunately in 
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an individual patient, the risk is small. Prospective studies 
estimate that 1:35 will develop high-grade dysplasia and 
1:125 will develop adenocarcinoma  [  23  ] . Epidemiologic 
studies suggest that the risk is substantially less  [  24,   25  ] . 
Dysphagia is a common symptom in both benign metaplasia 
and adenocarcinoma. Unfortunately, it is this feared symp-
tom that may be associated with malignant transformation. 
Dysphagia may also develop in patients with Barrett’s esoph-
agus who are treated with ablation therapies. 

   Benign Mechanical Causes of Dysphagia 
 Fortunately, benign mechanical causes of dysphagia are 
nearly three times more common than esophageal cancer 
 [  26  ]  and can be effectively treated (Table  29.4 ). Esophageal 
strictures have an incidence of 1.1/10,000 person years and 
increase markedly with    age  [  26  ] . The vast majority are pep-
tic strictures. Proximal esophageal webs associated with iron 
de fi ciency are known as Plummer–Vinson or Paterson–
Brown Kelly syndrome. These proximal strictures are asso-
ciated with atrophic glossitis, iron de fi ciency anemia, and 
dysphagia referred to the cervical area. Dysphagia is usually 
attributed to the stricture but may also result from muscular 
dysfunction related to the iron de fi ciency itself  [  27  ] . Iron 
replacement will improve the symptoms. 

 Benign narrowing of the esophagus may also be caused 
by vascular compression of the esophagus by the aorta, an 
aberrant subclavian artery, or the right atrium. In the elderly, 
this is most commonly due to dysphagia aortica resulting 
from extrinsic compression of the esophagus by a tortuous or 
aneurysmal aorta. Dysphagia lusoria, another well-recog-
nized vascular cause of dysphagia, results from an aberrant 
right subclavian artery. While the diagnosis of this disorder 
increases with age, it is almost always diagnosed before the 
age of 60 or remains asymptomatic  [  28  ] .   

   Benign Esophageal Strictures 

 Peptic esophageal stricture is the diagnosis often sought by 
the gastroenterologist because of its prevalence and response 
to treatment. Peptic strictures are more common in men than 
women and almost always present with dysphagia. Benign 
esophageal strictures develop from chronic in fl ammation 
causing  fi brous formation and collagen deposition. It is esti-
mated that 65–70% of all benign strictures are peptic in ori-
gin and result from chronic uncontrolled gastroesophageal 
re fl ux. Heartburn occurs in most patients with peptic stric-
tures but may be absent in 25%. Atypical symptoms associ-
ated with GERD including chronic cough, regurgitation, and 
asthma are also common. Schatzki’s ring is common in the 
elderly and impairs quality of life; it is easily treated by dila-
tion. Other in fl ammatory conditions, surgery, endoscopic 
therapies, radiation, and congenital lesions can also lead to 

solid food dysphagia (see Table  29.4 ). Esophageal webs 
associated with iron de fi ciency are an uncommon but treat-
able benign obstruction of the esophagus  [  29,   30  ] . 

 Endoscopic esophageal dilation techniques can effec-
tively eliminate symptoms of dysphagia in nearly all patients 
without the need for surgical intervention. Effective manage-
ment of the stricture includes both dilation and addressing 
the underlying cause  [  3  ] .   

   Diagnostic and Therapeutic Options 

 Diagnostic options other than the all-important history and 
physical exam include radiographic, endoscopic, and func-
tional tests (Fig.  29.1 ). Testing must include the triple-phase 
barium swallow, evaluation by a speech pathologist, FEES, 
laryngoscopy, esophagogram, video fl uoroscopic barium 
swallow, and CT    scans. A common mistake is to get only the 
cervical esophagogram and thus miss treatable lesions or 
malignancy at a treatable stage in the distal esophagus. When 
evaluating esophageal dysphagia, barium swallow has been 
the traditional test of  fi rst choice. Since peptic strictures are 
nearly three times as common as malignant ones, currently 
endoscopy should be considered as the  fi rst test in most 
patients with esophageal dysphagia  [  31  ] . 

 Motility studies are cost-effective in the evaluation of 
dysphagia. Common motility disorders that lead to dysphagia 
include achalasia, DES, hypertonic lower esophageal sphinc-
ter, IEM, and scleroderma. Manometry is cost-effective, 
since each of these diagnoses leads to speci fi c and often 
effective intervention.  

   Dilation of Esophageal Strictures 

 Prior to performing endoscopic dilation, the endoscopist 
should fully characterize the cause of the stricture, risk inher-
ent to this speci fi c patient, and complexity of the lesion. A 
thorough evaluation of the esophagus should be performed 
prior to esophageal dilation. While previously dilation was 
recommended at the initial endoscopy in most patients, biop-
sies of the esophagus should be considered when the cause 
of the esophageal narrowing is unknown to ensure that EoE 
is excluded  [  19  ] . A barium esophagogram can clarify the 
length of the stricture, presence of a diverticulum, size of the 
hiatal hernia, and severity of the tortuosity. Endoscopy should 
be performed to determine the presence of Candida esophagi-
tis, esophageal ulceration, EoE, Barrett’s esophagus, or cancer 
by evaluation and biopsies. 

 Contraindications to dilation include severe coagulopathy, 
active bleeding, an ulcerated stricture, or an inability to toler-
ate the chosen sedation. Patients with tight strictures, gastro-
paresis, or esophageal diverticulum should consume only 
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clear liquids on the day before the procedure. Prior to begin-
ning the procedure, the endoscopist should decide whether a 
   Savary, guide wire dilation, or balloons TTS dilators are to be 
used. It is important to determine whether  fl uoroscopy is 
needed. Using the double hemostat technique, however, 
 fl uoroscopy is needed in only the most complicated strictures. 
A consistent consensus regarding the superiority of one dila-
tor over the other is not apparent  [  32  ] . Dysphagia will typi-
cally resolve when the esophagus can be effectively dilated to 
greater than 18 mm. Providing effective acid suppression in 
all patients with peptic strictures, especially those that are 
complicated, is clearly important in management  [  33,   34  ] . 

  Key Points 

    Dysphagia is common in older adults and always war-• 
rants evaluation.  
  History and physical examination should include a review • 
of medications, history of smoking and alcoholism, and 
evaluation of neurological status.  
  Neuromuscular disorders that commonly cause dysphagia • 
are cerebrovascular disease, Parkinson’s disease, and 
dementia.  
  Mechanical causes include benign and malignant disor-• 
ders such as esophageal strictures, Zenker’s diverticulum, 
and tumors of head and neck and esophagus.  
  Functional causes of dysphagia affect the ability to swal-• 
low solids and liquids simultaneously.  
  In fl ammatory causes of dysphagia include esophagitis due • 
to acid re fl ux, radiation, and infections and pill esophagitis.  
  EoE is being increasingly diagnosed as a reversible cause • 
of solid and liquid dysphagia.  
  Schatzki’s ring causes intermittent dysphagia.  • 
  Dysphagia results in poor quality of life, aspiration, and • 
weight loss.  
  Evaluation and management of dysphagia is a multidisci-• 
plinary approach.          
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  Gastroparesis is a chronic symptomatic disorder character-
ized by evidence of gastric retention or delayed emptying in 
the absence of mechanical obstruction  [  1  ] . 

   Epidemiology    

 The true prevalence of gastroparesis is dif fi cult to ascertain 
given the relatively poor correlation of symptoms with gas-
tric emptying (GE)  [  2  ] , the need to apply a diagnostic test in 
a community setting  [  3  ] , and the fact that many patients with 
gastroparesis may not even seek health care or be referred to 
gastroenterologists. In a recent study out of Olmsted County, 
USA, the age-adjusted incidence per 100,000 person-years of 
de fi nite gastroparesis was 2.5 for men and 9.8 for women and 
the age-adjusted prevalence was 9.6 and 37.8 for men and 
women, respectively  [  4  ] . The incidence of de fi nite gastropa-
resis increased signi fi cantly with advancing age with a peak 
incidence of 10.5 per 100,000 in patients  ³ 60 years of age. 

 The overall survival for gastroparesis patients is 
signi fi cantly reduced when compared to their age/gender-
speci fi c expected survival. The hospitalizations related to 
gastroparesis have been increasing in the United States, with 
economic impact  [  5  ] .  

   Normal Gastric Motility 

 The proximal portion of the stomach (fundus, cardia) mainly 
serves as the reservoir for food. Nutrients can be ingested 
without a rise in the intragastric pressure  [  6  ] . Three main 
mechanisms involved in the regulation of this function are the 
receptive relaxation, accommodation, and enterogastric 
re fl exes  [  7  ] . The distal part of the stomach (primarily the 
antrum) acts as the “grinder.”    To achieve this function, the 
slow waves, controlled by the interstitial cells of Cajal, also 
known as the pacemaker cells, coordinate the postprandial fed 
pattern that leads to emptying of digestive solids. Contractions 
associated with the migrating motor complex (MMC) empty 
indigestible solids immediately after solid food digestion is 
completed and during fasting between meals and at night  [  8, 
  9  ] . The physical nature of the food, such as the particle size, 
fat, and calorie content, and various neurohumoral factors 
in fl uence the rate of GE. The glucose-regulating hormones 
such as glucagon-like peptide (GLP-1), hormones released 
with fat and protein intake such as cholecystokinin (CCK), 
peptide YY, and secretins slow GE while motilin and ghrelin 
levels are increased with meals and augment gastric motility 
 [  10,   11  ] . Solid particles empty in three phases over 3–4 h. An 
initial lag phase, where food is stored in the proximal stom-
ach; next it gets triturated and churned, as the antral contrac-
tions propel particles against a closed pylorus  [  9  ] , and  fi nally 
is followed by the propellant phase of relatively constant 
emptying where food particles are pushed out of the stomach 
once the particle size is <5–6 mm  [  12,   13  ] . Noncaloric and 
minimally caloric liquids empty faster, but increased caloric 
content may slow down the emptying rate  [  14  ] . For example, 
the calories supplement “Ensure” (1 cal/cc) empties very sim-
ilarly to a standardized eggbeater meal. 

   Effects of Aging on Gastric Motility 

 In general, gastric motility is relatively preserved during 
healthy aging. However, studies on the effect of aging on GE 
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have yielded some con fl icting results  [  15–  18  ] . This is largely 
due to various study limitations, such as, choice of tests for 
GE being less than ideal, and heterogeneous study popula-
tion including those with signi fi cant comorbidities. Despite 
these shortcomings, the overall evidence suggests that healthy 
aging is associated with minimal slowing of GE, as well as 
less hunger, delayed proximal gastric accommodation, and 
increased postprandial antral volume  [  19  ] . Thus older adults 
may experience less fullness, discomfort, and bloating, in 
response to proximal gastric distention when compared with 
the young  [  20  ] . Although the age-dependent slowing of GE 
is not profoundly meaningful on a clinical level, an aware-
ness of this phenomenon is important for a better understand-
ing of certain observations such as diminished/delayed 
pharmacologic effect of orally administered drugs. 

 The mechanisms underlying the slowing of GE with aging 
are uncertain. Autonomic nerve dysfunction is more com-
mon in the older subjects, but its correlation with slower GE 
is poor  [  21  ] . It remains unclear if there is derangement of 
gastric electrical rhythm with aging. Neurohumoral changes 
such as increased plasma CCK (both fasting and postpran-
dial), decreased plasma ghrelin, decreased mucosal prosta-
glandins, pepsin and bicarbonate levels have been reported 
in the elderly  [  19  ] , which may affect gastric motility and 
digestive function. A decrease in gastric acid secretion asso-
ciated with aging may decrease the ef fi ciency of trituration 
of solids and hence will mildly and subtly slow gastric 
emptying.   

   Etiology 

 The potential underlying causes for gastroparesis are numer-
ous (Table  30.1 ). Any disease that can alter motor or sensory 
pathways of the stomach can potentially cause or contribute 
to gastroparesis. Idiopathic, diabetic, and postsurgical/vago-
tomy are the three main etiologies for gastroparesis, account-
ing for almost 80% of the cases  [  3  ] .  

 Certain common disorders in the geriatric population 
warrant special emphasis:
    1.     Neurological diseases : The most common central ner-

vous system disorder that affects GE is Parkinson’s dis-
ease (PD). In a prospective study, it was shown that 88% 
of patients with PD have delayed GE  [  22  ] . There are 
two components of gastrointestinal (GI) dysfunction in 
PD. First, it causes striatal muscle dysfunction, affect-
ing primarily the oropharynx, proximal esophagus, and 
the anal canal. Second, dysfunction can involve the 
smooth muscle and autonomic and/or enteric nervous 
system (ENS) with a more global adverse impact on GI 
motility  [  23  ] . 
 Although there are a large number of peripheral neuropa-
thies, few affect the stomach (Table  30.1 ). Amyloidosis is 

one entity to consider. In a large retrospective series of 
patients with primary amyloidosis, only 0.4%, however, 
were found to have delayed GE  [  24  ] .  

    2.     Endocrine disorders : The prevalence of diabetes mellitus 
(DM) increases with age and is one of the most common 
causes of impaired gastric motility. Normal aging is asso-
ciated with impaired glucose tolerance. This is considered 
secondary to increased peripheral insulin resistance, 

   Table 30.1    Etiology of gastroparesis      

 Neuromuscular disorders 
   Central nervous system disorders:  Parkinson’s disease , brain-stem 

tumors, multiple sclerosis 
   Peripheral neuromuscular disorders: Muscular dystrophy, 

Guillian–Barre syndrome, acute dysautonomia 
  Others:  Amyloidosis , visceral neuropathies, visceral myopathies 
 Endocrine disorders 
   Diabetes mellitus  a  
   Hypothyroidism  
  Hypoparathyroidism 
 Metabolic disorders 
   Uremia  
  Chronic liver disease 
   Paraneoplastic/cancer-related syndromes  
 Gastrointestinal disorders 
   Gastroesophageal re fl ux disease  
   Atrophic gastritis with or without pernicious anemia  
  Acute viral gastroenteritis (cytomegalovirus) 
  Acute/chronic gastritis 
  Idiopathic intestinal pseudo-obstruction 
  Pancreatitis 
   Mesenteric ischemia  
 Autoimmune/collagen vascular disorders 
  Systemic sclerosis/scleroderma 
  Dermatomyositis 
  Polymyositis 
  Mixed connective tissue disease 
  Systemic lupus erythematosus 
 Postsurgical disorders a  
  Vagotomy 
  Anti-re fl ux operations 
  Roux-en-Y syndrome 
  Gastrectomy 
  Pancreatectomy 
  Organ transplantation (combined heart–lung transplantation) 
 Trauma 
  Head injury, spinal cord injury 
 Psychogenic disorders 
  Anorexia nervosa, stress 
 Medications (Table  30.2 ) 
 Idiopathic/infectious a  
   Viral (Cytomegalovirus, Epstein Barr, Norwalk and Herpes 

simplex virus) 
 Parasitic ( Trypanosoma cruzi ) 

   Italicized  causes are common in older adults 
  a Represents most common causes of gastroparesis  
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decreased beta cell function, and possibly delayed post-
prandial suppression of hepatic gluconeogenesis  [  19  ] . In 
the western world, it is estimated that at least 20% of the 
population aged 65 and above have DM, with the majority 
being type 2  [  19  ] . Furthermore, disordered gastric motor 
function may affect nutrient delivery to the small bowel 
and thus cause  fl uctuations in blood glucose levels  [  23  ] . 
 Between 20 and 40% of patients with DM develop dys-
function of the autonomic nervous system, contributing to 
delay in GE  [  19  ] . Hyperglycemia causes acute disruption 
of gastric motility even when the autonomic nervous is 
intact, as in diabetic ketoacidosis  [  14  ] . Motor abnormalities 
in diabetic gastroparesis include abnormal intragastric dis-
tribution of food, reduced occurrence of the antral compo-
nent of the MMC, antral dilation, and electrical dysrhythmias 
 [  19  ] . These abnormalities may be secondary to extrinsic 
autonomic denervation (as above), hyperglycemia per se, 
and/or direct involvement of the ENS and enteric muscle 
 [  25  ] . Hormonal factors including CCK, peptide YY, and 
amylin and secritin tightly regulate GE and their upregula-
tion could contribute to retardation of gastric motility  [  19  ] . 
 Hypothyroidism increases with old age and may affect GI 
motility. Hypothyroidism may be associated with perni-
cious anemia and decreased gastric acid secretion with 
further decrease in gastric motility. Hypothyroidism is 
associated with slowing of motor activity throughout the 
GI tract  [  26  ] . This alteration is clinically more signi fi cant 
in the small and large bowel than in the stomach  [  26  ] .  

    3.     Renal disease : The prevalence of chronic kidney disease 
(CKD) increases exponentially in older adults  [  27  ] . CKD, 
regardless of its etiology, is associated with symptoms of 
impaired gastric motility such as bloating, nausea, and 
vomiting. Patients with diabetic nephropathy, however, 
have increased predilection for gastroparesis  [  28  ] .  

    4.     Paraneoplastic/cancer-related syndromes : The preva-
lence of cancer is high in older adults  [  29  ] . Paraneoplastic 
syndrome caused by cancer cells that express antigens 
mimicking the neuronal tissues results in an autoim-
mune/in fl ammatory neuropathy of the ENS. Another 
report showed that sera containing antineuronal anti-
bodies inhibited muscle contractions of the circular 
muscle  [  30,   31  ] . Small cell cancer of the lung is the most 
common cause, with cancer of the prostate, pancreas 
and breast, lymphoma, and melanoma less common  [  30, 
  31  ] . Neuronal invasion by tumor and side effects of che-
motherapy may also contribute to delayed GE  [  31  ] . 
Occult malignancy should be suspected in the presence 
of anti-Hu antibodies and unexplained gastroparesis, 
particularly in an elderly individual with accompanying 
weight loss.  

    5.     Achlorhydria : Elderly patients may have decreased gas-
tric acid secretion, chronic atrophic gastritis, and perni-
cious anemia  [  32  ] . Atrophic gastritis may be the  fi nal 

stage of Helicobacter pylori infection with diffuse gastri-
tis involving the proximal stomach and antrum; patients 
with atrophic gastritis can have delayed GE. The two 
main mechanisms hypothesized are: (1) decreased tritura-
tion from low gastric acid and pepsin secretion; and (2) 
thinner smooth muscle, reported in pernicious anemia 
 [  14,   33  ] . A study with dual-isotope technique in patients 
with achlorhydria due to atrophic gastritis and pernicious 
anemia showed that GE of solids was delayed but liquid 
emptying was preserved  [  34  ] . Excessive gastric acid as in 
Zollinger–Ellison syndrome is associated with acceler-
ated GE  [  14  ] .  

    6.     Iatrogenic disorders : The geriatric population often 
receives multiple medications  [  35  ] . Thus, drug-induced 
alterations in gastric motility, due to polypharmacy or 
drug interactions, are a possible etiology in this popula-
tion. Table  30.2  illustrates common medications that 
could retard gastric motility.       

   Clinical Presentation 

 Gastroparesis may present with constellation of symptoms. 
Some patients may present with debilitating nausea and 
vomiting, and in others, it may be a more indolent disease 
with early satiety, postprandial fullness, and abdominal dis-
tention  [  36  ] . 

 In one study, nausea, vomiting, bloating, and early satiety 
were reported by 92, 84, 75, and 60%, respectively,  [  3  ]  and 
abdominal pain in 46%. A succession splash may be elicited 
as a sign of retained gastric contents (solid and liquid). 
Heartburn may be the main symptom of gastroparesis. Re fl ux 
is facilitated by fundic distention which increases the rate of 
transient lower esophageal sphincter relaxations  [  36  ] . 
Although some patient with gastroparesis with frequent 

   Table 30.2    Medications causing delayed gastric emptying   

 Cardiovascular/respiratory drugs 
  Calcium channel antagonists (nifedipine, diltaizem, verapamil) 
  Dopamine 
  Potassium 
  Beta-adrenergic agonists 
 Gastrointestinal drugs 
  Aluminum hydroxide 
  Anticholinergics/antispasmodics (hyoscyamine, dicyclomine) 
 Psychiatric/neurologic drugs 
  Opioids (morphine, codeine, etc.) 
  Tricyclics (amitriptylline, nortriptylline, etc.) 
  Phenothiazines 
  Levodopa 
 Hormonal drugs 
  Synthetic estrogen 
  GLP analog (exenatide or pramlintide) 
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vomiting lose weight and develop malnutrition, others are 
overweight or obese through consumption of liquid diet  [  37  ] . 
Phytobezoars may complicate gastroparesis and an early 
sign may be retained food seen during an upper endoscopy. 
Gastric ulcer and pyloric outlet obstruction are complica-
tions of bezoars. Elimination of bezoars is accomplished by 
endoscopic destruction and lavage; enzymatic digestion; and 
dietary exclusion of foods rich in indigestible residue. 
Variably delayed GE in diabetics may lead to unpredictable 
nutrient delivery to the small bowel, with erratic glycemic 
control; this can be a clinical “tip-off” to consider gastropa-
resis  [  19  ] .  

   Differential Diagnosis 

 Vomiting associated with gastroparesis must be differenti-
ated from regurgitation due to re fl ux disease or rumination 
syndrome, episodic vomiting seen in cyclic vomiting syn-
drome, and abdominal pain with vomiting in superior mes-
enteric artery syndrome  [  38  ] . Vomiting typically occurs 
1–2 h or longer following the meal, with older food contents 
being identi fi ed. Since functional dyspepsia and rapid GE 
may have similar clinical manifestations; a standardized 4-h 
GE scintigraphy test may help differentiate these disorders 
 [  39  ] . The symptomatic spectrum of small intestinal bacterial 
overgrowth (SIBO) and gastroparesis has signi fi cant overlap. 
Patients may have bloating, early satiety, and upper abdomi-
nal discomfort in both. The two disorders can coexist in the 
elderly due to hypoacidity promoting bacterial colonization 
of the small bowel; awareness of this relationship helps man-
agement  [  40  ] .  

   Diagnostic Approach 

  Initial evaluation : A detailed history and physical examina-
tion are critical to understand the severity of the disease, 
underlying etiologies and exclude disorders with similar pre-
sentation.    A review of medications that exacerbate or delayed 
GE is important (see Table  30.2 ). 

  Evaluate for etiologies and complications : Blood tests for dia-
betes, uremia, thyroid or parathyroid disease, and pernicious 
anemia and serologic studies for connective tissue diseases 
(anti-nuclear antibodies, sedimentation rate), and serum pro-
tein electrophoresis for amyloidosis may all help identify 
potential causes of gastroparesis. Especially with new onset 
symptoms of gastroparesis and weight loss, serologic markers 
for paraneoplastic syndrome should be considered. These 
include type 1 antineuronal nuclear antibody (speci fi cally), 
anti-Hu antibodies, anti-Purkinje cell cytoplasmic antibody, 
and ganglionic nicotinic acetylcholine receptor antibody  [  41  ] . 

Serum electrolytes to rule out hypokalemia and contraction 
alkalosis, a complete blood count to exclude anemia and serum 
protein/albumin as a nutritional marker, are indicated. 

  Exclude mechanical obstruction : Most patients with sus-
pected gastroparesis require upper endoscopy or radiographic 
imaging to exclude mechanical obstruction, such as com-
pression of the distal duodenum, adhesions due to prior sur-
gery, or ulcer disease. The presence of retained food in the 
stomach after overnight fasting in the absence of mechanical 
obstruction on endoscopy is suggestive of gastroparesis. 

  Con fi rm delayed GE : A gastric emptying test is required to 
establish a de fi nite diagnosis of gastroparesis. GE of a solid-
phase meal by scintigraphy is considered the gold standard 
as it quanti fi es the emptying of a physiologic, caloric meal 
that can assess the motor function of the stomach. An inter-
national scintigraphy method has been established with 
99mTc-sulfur colloid-labeled, low-fat meal consisting of 
scrambled egg substitute, two slices of bread, strawberry 
jam, and water  [  42,   43  ] . Images are taken at 0, 1, 2, 3, and 4 h 
after the test meal ingestion. The 4-h method is accepted to 
be most sensitive and speci fi c. Gastric retention of more than 
10% at the end of 4 h would be consistent with gastroparesis. 
In diabetics, the blood glucose should be measured prior to 
the test and recorded in the report. If glucose level is >275 mg/
dL, it should be lowered with insulin and/or the test be 
rescheduled. Ideally, patients should also be instructed to 
stop anti-secretory drugs such as proton-pump inhibitors for 
5–7 days, prokinetics at least for 72 h, and narcotics for at 
least 12 h prior to the test. Smoking may delay GE. 

 Other tests that can be used to assess for myoelectric 
function of the stomach are listed in Table  30.3 , but their role 
at this time is limited. Routine evaluation of gastroparesis 
should include the scintigraphic assessment, with endo-
scopic, ultrasound, and CT as additive measures to exclude 
other diagnoses.   

   Treatment 

   Diet and Lifestyle Modi fi cations 

 Although there are no prospective, randomized controlled tri-
als comparing dietary treatments in gastroparesis, a low-fat, 
low- fi ber diet of small portions and frequent feedings are often 
recommended  [  44  ] . This makes physiologic sense as studies 
have shown that fat slows GE  [  45  ] ;  fi ber can increase the risk 
for bezoar formation  [  46,   47  ] , and large volumes not only 
slow GE but aggravate the early satiety often present. Patients 
are advised to chew foods well since the antrum’s grinding 
capability is compromised. Patients should remain upright in 
an effort to use the effect of gravity to move food from fundus 
to antrum and to decrease postprandial re fl ux  [  44  ] .  
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   Pharmacological Therapy 

  Drugs to control symptoms : Antiemetics: Antiemetic therapy 
may help to achieve rapid symptomatic relief  [  48  ]  
(Table  30.4 ). It is prudent to start with less expensive agents 
(e.g., phenothiaxines); if ineffective, escalate to newer, more 
expensive therapies (such as 5HT3 antagonists). Scopolamine 
patch or promethazine, either oral or rectal suppository, may 
alleviate continuous nausea.  

  Pain control and psychopharmacology : Mechanisms involved 
in the pathogenesis of pain include (but not limited to) vis-
ceral hyperalgesia, coexistent in fl ammatory/cytokine reac-
tions, and dysmotility  [  44  ] . A logical step would be to 
empathize with the patient. NSAIDs like ketorolac and indo-
methacin may have a role  [  49  ] , but given their ulcerogenic 
potential, require caution. Tricyclic antidepressants (amitrip-
tyline), selective serotonin reuptake inhibitors (paroxetine), 
and anti-epileptics (gabapentin) help control neuropathic 
pain and reduce visceral perception  [  48  ] . Tramadol, an opi-
oid antagonist, with limited effect on mu receptors has little 
impact on gastric transit  [  50  ] . It also has the added bene fi t of 
lack of addictive potential with prolonged use. Acupuncture 

and biofeedback should also be considered can help, with 
very side effects  [  51,   52  ] . Narcotics may be condoned in the 
name of quality of life. 
  Exacerbating factors : Restoration of euglycemia and correc-
tion of electrolytes and  fl uid balance help GE. Medications 
that retard GE (Table  30.2 ) should be discontinued or limited 
if possible. 

  Drugs to augment GE/prokinetics  (Tables  30.5  and  30.6 ): 
Prokinetic agents mainly used to treat gastroparesis are meto-
cloporamide and domperidone  [  53  ] . Both agents are equally 
effective in reducing the symptoms of diabetic gastroparesis, 
particularly nausea and vomiting. Adverse CNS effects are 
more severe and more common with metoclopramide and 
include somnolence and confusion  [  54  ] . Chronic use of meto-
clopramide has been linked to tremor and rigidity referred to as 
a “Parkinson’s like effect” and tardive dyskinesia, which 
includes involuntary and repetitive movements of the face, 
tongue, and body. Those prone include diabetics, female gen-
der, and older adults  [  55  ] . Metoclopramide has received a 
black-box warning in the PDR. Although the original Food and 
Drug Administration (FDA) approval of medication was for up 
to 6 weeks, chronic use entails monitoring for adverse events.   

   Table 30.3    Tests to assess gastric motor function      

 Test  Advantages  Disadvantages 

 Tests to assess GE 
 Upper gastrointestinal 
barium radiograph 

 Provides information regarding mucosal abnormalities  Nonphysiologic 
 Moderate radiation exposure 

  13 C Breath test  Noninvasive 
 Do not involve ionizing radiation, has role in community 
or even bedside where gamma camera is not available 

 Requires normal small bowel, pancreas, liver, 
and pulmonary functions 

 Scintigraphy  Gold standard 
 Noninvasive 
 Can assess both liquid and solid-phase emptying 

 Radiation exposure (minimal) 

 Ultrasonography for serial 
changes in antral area 

 Noninvasive 
 Physiologic 

 Needs expertise for imaging and interpretation 
 Primarily measures liquid emptying 

 Magnetic resonance 
imaging 

 Noninvasive  Expensive, time-consuming 
 Needs specialized center/software/personnel 

 Tests to assess gastric myoelectric function 
 Electrogastrography 
(EGG) 

 Noninvasive  Movement artifact may make recording 
dif fi cult to interpret 
 Research technique, limited clinical utility 

 Antroduodenal manometry  Can differentiate between neuropathic and myopathic 
disorders 

 Invasive 
 Needs expertise to perform and interpret, thus 
limited availability 

 Tests to assess for gastric accommodation 
 Gastric barostat  Measures proximal gastric accommodation response  Invasive 

 Balloon may interfere with accommodation 
re fl ex 
 Mainly used as a research tool 

 Satiety test  Simple and easy to perform 
 Measures combination of accommodation and sensitivity 

 Not well standardized 

   Source : Parkman et al.  [  1  ]   
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 Domperidone is not approved in the US, but can be 
obtained by  fi ling for an investigational new drug application 
to the FDA and obtaining local IRB approval. The responsi-
bility for initiating this agent focuses on the electro-cardio-
gram where the QT interval needs to be <475 ms for females 
and <450 ms in males and K +  levels to be maintained in the 
normal range. Some compounding pharmacies in the US 
provide the drug. The usual effective dose is 20 mg four 
times per day before meals and bed, but sometimes the maxi-
mal dose of 30 mg four times per day is necessary. 
Domperidone has no or minimal penetration of the blood 
brain barrier and hence the only real side effects relate to 

   Table 30.4    Classi fi cation, doses, and adverse reactions of commonly used antiemetic agents in gastroparesis   

 Class name  Agent  Mode of action  Usual dose  Side effects 

 Phenothiazine  Prochlorperazine  D2 receptor antagonist  Start with 5–10 mg thrice daily 
or 5–25 mg as required every 
12 h as rectal suppository 

 Extrapyramidal effects; 
rarely jaundice 

 Anti-serotonergic  Ondansetron (others: 
Granisetron, Dolasteron) 

 Serotonin 5HT3 receptor 
antagonist 

    4–8 mg Thrice daily as 
required 

 Constipation with regular 
use 

 Anticholinergics  Scopolamine  Muscarinic M1 receptor 
antagonist 

 1 mg Every 3 days  Drowsiness, headache, 
dry mouth, CI-Glaucoma 
or bladder dysfunction 

 Phenothiazine  Promethazine  Histamine H1 receptor 
antagonist 

 12.5–25 mg Thrice daily as 
required, or intramuscular 

 Drowsiness, headache, 
dry mouth, CI-Glaucoma 
or bladder dysfunction 

 Benzodiazepine  Lorazepam  Anti-GABA effect  0.5–1 mg as Required  Sedation 
 Neurokinin 
antagonist 

 Aprepitant  Neurokinin receptor-1 
antagonist 

 40 mg Once daily as required  Weakness, bowel 
dysfunction, reduced 
ef fi cacy for OCP 

 Cannabinoids  Dronabinol  Acts on cannabinoid receptors 
with multiple central nervous 
system effects 

 2.5–5 mg Twice a day as 
required 

 Dependence/abuse 
potential, somnolence, 
euphoria 

   Table 30.5    Classi fi cation, doses, and adverse reactions of commonly used prokinetic agents in gastroparesis   

 Name of the drug  Mode of action  Dose  Adverse effects 

 Metocloporamide  D2 dopamine receptor 
antagonist 
 Antiemetic action also 
contributes to relief 

 Start with 5 mg orally t.i.d., usual 
15–20 mg t.i.d., 15 min before meals 
 Can be used IM, SC, or IV 

 Anxiety, depression, galactorrhea, extrapyramidal 
side effects, and tardive dyskinesia 

 Domperidone  D2 dopamine receptor 
antagonist 

 Start with 5 mg t.i.d., usual 
15–20 mg t.i.d., 15 min before meals 

 Anxiety, depression, galactorrhea, extrapyramidal 
side effects, and tardive dyskinesia (less common 
than metocloporamide) 

 Erythromycin  Motilin receptor 
agonist 

 40–250 mg t.i.d.; 15 min before 
meals 

 Abdominal cramping, loss of appetite, potential 
for many drug interactions 
 Tachyphylaxis develops rapidly 

 Cisapride  5HT4 serotonin 
receptor agonist 

 10–20 mg t.i.d., 15 min before meals  Diarrhea, potential for cardiac dysrhythmia 
 Under strict compassionate use protocol approved 
by IRB as otherwise not available in the US 

 Bethanecol  Muscarinic receptor 
agonist 

 10–20 mg t.i.d., 15 min before meals  Cholinergic side effects 
 Ef fi cacy against symptoms unclear 
 Side effects are dose limiting 

 Pyridostigmine  Acetylcholinestrase 
inhibitors 

 30 mg q.i.d.  Cholinergic side effects 
 Unclear ef fi cacy 

   Table 30.6    List of prokinetic agents under investigation   

 Prokinetic class  Name of the agent 

 Motilin receptor agonist  Mitemcinal 
 5HT4 agonist  Renzapride (Alizyme) 

 Mosapride 
 Ghrelin agonist  EX-1314 (Elixir pharmaceuticals) 

 BIM-28131 (Ipsen pharmaceuticals) 
 TZP-101 (Tranzyme pharmaceuticals) 

 Cholecystokinin (CCK) 
antagonists 

 Loxiglumide 
 Dexloxiglumide 

 Cholinesterase inhibitors  Acotiamide: Z-338 (Zeria pharmaceuticals) 
 YM443 (Astellas pharmaceuticals) 
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elevation of prolactin-induced breast enlargement and/or 
tenderness in approximately 5% of patients. 

 Erythromycin, a motilin receptor agonist, is the most 
effective intravenous prokinetic agent. It can be given in a 
low dose orally, preferably as a liquid, in a dose of 150–
250 mg up to three times a day to minimize concern for tac-
hyphylaxis  [  48  ] , which develops with chronic use. 

 Histamine-2 receptor antagonists, particularly nizatidine, 
are also partial cholinesterase inhibitors and accelerate gas-
tric emptying and thus can be used to augment emptying of 
meals at night particularly in patients with severe gastroe-
sophageal re fl ux symptoms  [  48  ] .  

   Role of Botulinum Toxin 

 Although safe, endoscopic injection of botulinum toxin type-
A into the pylorus has shown little effect for symptom relief 
 [  56,   57  ] .  

   Role of Feeding/Venting Tubes 

 Although medical therapy is effective in most of the patients 
with gastroparesis, 10–20% of patients are refractory to 
pharmacological therapy and require hospitalizations  [  58  ] . 
Endoscopic therapy or surgical procedures for establishing a 
feeding jejunostomy may be required. Feeding jejunostomy 
in upper GI motility disorders reduces hospitalization rate 
during the  fi rst year after placement  [  59  ] .  

   Gastric Electrical Stimulation 

 Open-label studies suggest that gastric electrical stimulation 
(GES) therapy leads to improvement in symptoms in idio-
pathic, diabetic, and postsurgical gastroparesis  [  60–  64  ] . The 
mechanism of symptom relief is through activation of affer-
ent pathways controlling CNS centers for nausea and vomit-
ing. Gastric emptying, in many patients, is unchanged. 
Three clinical parameters have been shown to predict a 
favorable clinical response with GES: (1) diabetic and past 
gastric surgery or past vagotomy settings rather than idio-
pathic gastroparesis, (2) nausea/vomiting rather than abdom-
inal pain as the primary symptom, and (3) independence 
from narcotic analgesics prior to stimulator implantation 
 [  65  ] .    In the report of the most extensive series to date where 
patients were followed up to 10 years with GES in gastropa-
resis, many patients were in the 60–70 years age range and 
were successfully managed with the Enterra neurostimula-
tion device  [  64  ] . Complications included infection of the 
subcutaneous pocket in about 5% of patients over time, 
electrode dislodgement, electrode erosion into the stomach, 
and bowel obstruction from the wires  [  66,   67  ] . 

  Key Points (Table  30.7 ) 

     The gut ages well and in most cases gastric motility is • 
preserved.  
  Gastroparesis is a motor disorder of the stomach with a • 
myriad of clinical manifestations.  

   Table 30.7    Practical approach to gastroparesis management in the elderly   

 Mild gastroparesis  Moderate gastroparesis  Severe gastroparesis 

 Criteria  Symptoms relatively easily 
controlled 
 Able to maintain weight and 
nutrition 
 Gastric retention: 11–20% 

 Moderate symptoms with partial control 
with pharmacological agents 
 Able to maintain nutrition with dietary 
adjustments 
 Rare hospital admissions 
 Gastric retention: 21–40% 

 Refractory symptoms despite medical 
therapy 
 Inability to maintain nutrition via oral route 

 Frequent ER visits or hospitalizations 
 Gastric retention: >40% 

 Dietary 
modi fi cation 

 Homogenized food, frequent 
small feedings, decreased fat 
content, decreased  fi ber content 

 As in Mild + rare use of nutrition/caloric 
supplementation (“ensure/boost”) 

 As in Mild + routine use of nutrition/caloric 
supplementation (“ensure/boost”) 

 Enteral access  Never  Rarely  Usually required for venting/feeding 
purposes 

 Pharmacologic 
treatment 

 Antiemetic (promethazine) or 
prokinetic (metocloporamide 
before meals) required on as 
needed basis, i.e., when 
symptomatic 

 May require daily therapy with prokinet-
ics and symptomatic PRN management 
with antiemetics; if nausea/vomiting 
severe may need drugs in suspension 
form (metocloporamide) or rectal 
suppositories (such as phenergan supp.) 

 Usually daily metocloporamide therapy 
10 mg ½ h before each meal or domperi-
done 10–20 mg thrice daily ½ h before each 
meal; daily antiemetic and may require 
intravenous forms (such as ondansetron) 
during severe symptom attacks 

 Nonpharmacologic 
treatment 

 Not needed  Not needed  Gastrostomy tube decompression, 
parenteral nutrition, and/or compassionate 
use of gastric neurostimulation device 

     Modi fi ed from data found in Abell et al.  [  43  ] , Camilleri,  [  68  ]    
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  The “gold-standard” for the diagnosis is con fi rmation of • 
delayed GE, de fi ned as >10% retention, on a standardized 
4-h scintigraphic test utilizing a low-fat (2%) egg beater 
meal, after careful exclusion of mechanical obstruction.  
  Medication-induced effects on gastric motility must be a • 
consideration.  
  Treatment warrants cautious selection of pharmacological • 
agents because of concern for an increased likelihood of 
adverse events.  
  Atrophic gastritis and hypochlorhydria could explain mild • 
gastroparesis symptoms with aging.           
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 The prevalence of gastroesophageal re fl ux disease (GERD) 
is increasing across all ages. Older individuals are more 
likely to develop severe disease as a result of several factors 
including age-related physiologic changes, medication 
effects, and a higher prevalence of hiatal hernia. Typical 
symptoms of heartburn are less common in older adults and 
the disorder may be silent or present atypically with dys-
phagia, vomiting, or extraesophageal symptoms. The sever-
ity of in fl ammation increases with age, with the elderly at 
highest risk of complications of GERD including Barrett’s 
esophagus and esophageal adenocarcinoma (EAC). Proton 
pump inhibitor (PPI) therapy is the cornerstone of treatment 
and provides a safe and cost-effective modality of treatment 
in the majority of geriatric patients. However, potential 
complications of PPI therapy and their management should 
be well recognized by primary care physicians and 
gastroenterologists. 

   Epidemiology    

 The prevalence of GERD worldwide is increasing with 
higher rates in North America and Europe  [  1  ] . Population 
studies estimate that more than 20% of persons over age 65 
years in the western hemisphere have GERD de fi ned as at 
least weekly heartburn  [  2  ] . Recently, several large popula-
tion studies have demonstrated that there is no signi fi cant 
increase in GERD symptoms with age; despite that fact, the 
frequency of esophagitis is signi fi cantly higher in older than 
in younger subjects  [  3  ] . The actual prevalence of GERD in 

the elderly is probably higher given the inaccuracy of 
symptoms. Epidemiologic data consistently support the view 
that as people age the severity of re fl ux esophagitis increases, 
whereas symptoms are attenuated and become less typical 
 [  2  ] . Moreover, a large epidemiological study from the US 
reported that age was an important risk factor for the devel-
opment of severe forms of GERD, in addition to male gen-
der, white ethnicity, and hiatus hernia  [  4  ] .  

   Pathophysiology 

 GERD results when the re fl ux of stomach contents, and 
rarely, duodenogastric re fl ux of bile lead to troublesome 
symptoms and/or complications  [  5  ] . Gastroesophageal re fl ux 
(GER) is a normal physiologic event which leads to disease 
with excessive exposure. This occurs commonly as a result 
of decreased lower esophageal sphincter (LES) pressure and 
transient episodic LES relaxations (tLESRs) unaccompanied 
by swallowing. Physiologic studies reveal that the length of 
the abdominal LES and the amplitude of peristaltic contrac-
tions decrease with age leading to diminished ability to clear 
material re fl uxed from the stomach  [  6  ] . Furthermore, there is 
impaired esophageal peristalsis and decreased salivary pro-
duction with signi fi cantly reduced salivary bicarbonate 
response to acid perfusion in the aged  [  7–  9  ] . Gastric acid 
secretion does not decrease with aging unless there is 
 Helicobacter pylori- associated atrophic gastritis. However, 
slowing of gastric emptying that is observed with aging plays 
an important role in the pathogenesis of GERD  [  10  ] . 

 Hiatal hernia (HH), a common anatomic abnormality in 
older adults, predisposes to the development of GERD  [  11  ] ; 
HH refers to the herniation of abdominal contents through 
the esophageal hiatus of the diaphragm. Normally, the distal 
most end of the esophagus resides in the abdominal cavity 
with the crus of the diaphragm providing an extrinsic compo-
nent to the gastroesophageal barrier. With HH, this antire fl ux 
mechanism is lost, compromising the process of acid clear-
ance after a re fl ux episode. The increase in HH seen with 
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age is thought to result from  fi bromuscular degeneration 
compounded by episodes of raised intra-abdominal pressure, 
as seen in kyphosis associated with osteoporosis and obesity. 
Not surprisingly, the presence and the size of the hernia are 
strongly associated with the severity of re fl ux esophagitis.    In 
one study, HH larger than 3 cm was strongly associated with 
greater risk of severe erosive esophagitis  [  3,   12  ] . 

 The antire fl ux barrier can be further jeopardized by the 
concurrent use of medications. Smooth muscle relaxants such 
as calcium channel blockers, nitrates, and anticholinergics 
impair sphincter function and peristalsis. Other drugs such as 
   NSAIDs, potassium chloride tablets, tetracycline, methotrex-
ate, and bisphosphonates may injure the esophageal mucosa 
 [  13  ] . Superimposed ill effects of lifestyle and diet that include 
smoking, large fatty meals, caffeine, and obesity common in 
the geriatric population can further increase the risk of re fl ux 
and are targets of intervention  [  14  ]  (Fig.  31.1 ).  

 The aerodigestive apparatus is a secondary defense against 
pulmonary aspiration of GER and includes the pharynx, 
upper esophageal sphincter (UES), esophageal body, glottis, 
and vocal cords  [  15  ] . Esophageal distention by either air or a 
balloon evokes a glottal closure mechanism, an esophago-
glottal re fl ex, which is more prominent in the proximal 
esophagus and plays an important role in preventing laryn-
geal aspiration of acid due to GER accompanied by acid 
regurgitation into the pharynx. On the other hand, these events 
may also lead to esophageal peristalsis resulting in relaxation 

of the LES, facilitating re fl ux of gastric content into the 
esophagus. In older individuals, the UES resting pressure is 
elevated and the UES opening is narrowed which is compen-
sated by increased hypopharyngeal pressure as compared to 
younger subjects, and as a result, the response to esophageal 
distension is preserved even with advanced aging  [  16  ] . 

 Obesity and being overweight have been positively related 
to GERD. Data from 8,936 older adults suggest that body 
mass index is related positively to GERD and this relation-
ship is a consequence of an increased gastric acid re fl ux, 
caused by enhanced intra-abdominal pressure impacting the 
re fl ux  [  17  ] . 

 The relationship between GERD and  H. pylori  is complex 
and controversial. Prevalence studies indicate an inverse pat-
tern and in some studies the prevalence and severity of re fl ux 
esophagitis were shown to increase after successful eradica-
tion of  H. pylori   [  18  ] . Furthermore, the decline in the inci-
dence of  H. pylori  infection has been linked to the increased 
prevalence of Barrett’s esophagus and esophageal adenocar-
cinoma  [  19  ] . This suggests that  H. pylori  infection may be 
protective against GERD mainly by causing atrophic gastri-
tis and intestinal metaplasia which leads to reduced gastric 
output especially with the cagA + virulent strain. When  H. pylori  
is eradicated, the gastric mucosa returns to normal increasing 
acid secretion and possibly leading to GERD symptoms in 
susceptible patients. Several meta-analyses, however, have 
failed to con fi rm these associations  [  20  ] .  

  Fig. 31.1    Factors which 
in fl uence gastrointestinal re fl ux       
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   Clinical Features 

 The classical symptom of GERD is heartburn, a burning 
feeling, rising from the stomach or lower chest and radiating 
toward the neck, throat, and occasionally the back  [  21  ] . The 
clinical presentation of GERD differs signi fi cantly between 
the old and the young. The typical symptom complex of 
heartburn and acid regurgitation routinely used to screen and 
diagnose GERD is often absent in the older group, who 
instead more likely report dysphagia, vomiting, and respira-
tory dif fi culties  [  22  ] . Even of more concern, a signi fi cant 
number remain asymptomatic despite the presence of 
advanced esophageal erosions. In a large US multicenter 
study, close to a third of the patients aged over 70 who were 
diagnosed with severe esophagitis were asymptomatic. In 
the same study, the prevalence of severe esophagitis increased 
with age, but did not correlate with increased symptom sever-
ity  [  4  ] . Not surprisingly, complications such as hemorrhage, 
Barrett’s esophagus, and strictures may present with mild or 
no symptoms. However, data from 14,521 Russian respon-
dents of different age groups suggested that heartburn is the 
prevalent symptom and its prevalence in those 60 and older 
is higher than in the young, clearly affecting the quality of 
life  [  23  ] . Increasing insulin resistance and the metabolic syn-
drome appears associated with greater severity and preva-
lence of GERD; whether reducing insulin resistance will 
improve symptoms requires study  [  24  ] .  

   Extraesophageal Manifestations 

 Extraesophageal manifestations of GERD are common in 
older adults. They include noncardiac chest pain (NCCP), 
dental erosions, ENT manifestations such as pharyngitis, 
hoarseness, and pulmonary manifestations including wheez-
ing, cough, and aspiration pneumonia  [  22  ] . The pathophysi-
ology involves microaspiration of acid into the larynx and 
pharynx, and vagally mediated bronchospasm and laryngos-
pasm  [  25  ] . 

 The role of re fl ux in such disorders is underestimated due 
to atypical symptoms and dif fi culty in con fi rming the diag-
nosis with endoscopy and pH monitoring. Antisecretory 
therapy can be used for a diagnostic trial and therapy in the 
majority of cases. This is true in NCCP, commonly a result 
of GERD, where empiric use of PPIs is recommended as the 
initial approach to diagnosis  [  26  ] . However, in older persons 
with new onset heartburn or chest pain, it is essential to 
request an initial electrocardiogram and further testing to 
exclude coronary artery disease, prior to proceeding with 
evaluation for GERD. While GERD is not immediately 
lethal, coronary artery disease may be. 

 Not all extraesophageal symptoms respond to PPI ther-
apy. Laryngitis improves with treatment of GERD in only 

those patients where the manifestations are due to re fl ux 
 [  27  ] . In the absence of GERD symptoms, however, it is 
unlikely to respond to GERD treatment. Similarly several 
large RCTs have recently shown that despite a high preva-
lence of asymptomatic GERD among patients with poorly 
controlled asthma, treatment with PPI does not improve the 
asthma  [  28,   29  ] .  

   Diagnosis 

 The diagnosis of GERD is usually based on the occurrence of 
heartburn on 2 or more days a week; however, the absence of 
these symptoms does not exclude the disease  [  5  ] . An empiric 
trial of acid suppression is a simple and cost-effective method 
of diagnosing GERD. High-dose PPI given for at least 2 
weeks has a sensitivity of over 80% and should be considered 
in a subset of patients  [  30  ] . The standard of care in patients 
with “new onset” or persistent GERD who are over 50 years 
of age and in anyone presenting with alarm symptoms is 
endoscopic examination, the gold standard for detection of 
mucosal disease. However, the lack of a strong correlation 
between symptoms and the severity of disease in older 
patients makes the role of symptom-based endoscopic screen-
ing challenging  [  4  ] . Therefore, there should be a high index 
of suspicion and a low threshold to perform endoscopy in 
older individuals. While the  fi nding of linear mucosal dam-
age extending from the GEJ is highly speci fi c, the absence of 
erosive disease in no way excludes the diagnosis. Endoscopy 
also permits opportunity for mucosal biopsies necessary to 
exclude the diagnosis of eosinophilic esophagitis. 

 Several conditions in older individuals present with symp-
toms that mimic GER. Candida esophagitis and other forms 
of infectious esophagitis should be considered not only in the 
immune compromised, but also in those on broad-spectrum 
antibiotics, diabetics, and the malnourished. Pill esophagitis 
is common in the geriatric population, in those on alen-
dronate, potassium, chloride, doxycycline, quinidine, and 
nonsteroid anti-in fl ammatory drugs, among others. The 
ulcers often occur at the junction of smooth and striated mus-
cles in the upper third of the esophagus and require careful 
endoscopic evaluation of the entire esophagus. Inlet patch 
mucosa, a form of gastric mucosa heterotopias, may present 
with respiratory complications, globus, heartburn, and regur-
gitation. Pemphigus, pemphigoid, epidermolysis bullosa, 
and Steven Johnson syndrome are esophageal disorders that 
cause burning pain, dyspepsia, and dysphagia. Rarely these 
disorders affect the esophagus unaccompanied by or precede 
the skin involvement. Mechanical disorders of the esophagus 
including intrinsic occlusions, extrinsic compression, stric-
tures, webs and rings, and cancer can present with symptoms 
that mimic esophageal re fl ux. 

 Esophageal 24 h pH testing is useful in those who do not 
respond to medical therapy. A normal study in the presence 
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of erosive disease may indicate an alternate etiology such as 
pill-induced esophagitis or duodenogastric re fl ux. The addi-
tion of impedance pH monitoring in the latter group is useful 
in differentiating between acid and nonacid re fl ux. On the 
other hand, negative endoscopy in a patient with abnormal 
esophageal pH test suggests the need for more aggressive 
drug therapy, whereas a normal test points toward a func-
tional disorder. Esophageal manometry is reserved for the 
localization of the LES before pH testing and for evaluating 
esophageal peristalsis before surgery.  

   Management 

 The goals of treatment of GERD in the elderly are essentially 
the same as in all adults and include symptom relief, healing 
of erosive esophagitis, and prevention and management of 
complications. Lifestyle modi fi cation is an important  fi rst 
step in management of GERD. Foods rich in fat increase 
esophageal exposure by delaying gastric emptying and 
increasing frequency of tLES relaxation. Similarly, pepper-
mint and chocolate can induce re fl ux symptoms by reducing 
the LES pressure. Beverages such as coffee, tea, soda, tomato, 
and citrus juice, which are either acidic or can stimulate gas-
tric acid production, contribute to heartburn  [  14  ] . Spicy food 
is often incriminated in the precipitation of GERD symp-
toms. Smoking has been shown to increase distal esophageal 
exposure time through the effect on the LES, while alcohol 
may precipitate GERD by increasing acid secretion, reduc-
ing LES pressure, increasing spontaneous LES relaxations, 
and impairing esophageal motility and gastric emptying  [  31  ] . 
However, a systemic review that evaluated the literature from 
1975 to 2004 revealed showed no evidence supporting an 
improvement in GERD measures after cessation of smoking, 
alcohol, and the other dietary interventions  [  32  ] . In the same 
study, only reduction of excess weight and elevation of the 
head of the bed were shown to bene fi t patient symptoms, but 
neither prevent complications. Therefore, a more aggressive 
therapeutic approach is often recommended. The approach 
should include a careful review of the patient’s current medi-
cations, and where possible, avoidance of drugs known to 
worsen GERD (Table  31.1 ).   

   Antacids 

 Antacids are available over-the-counter and promptly act by 
neutralizing gastric acid. Simethacone is added to many for-
mulations and provide an additional physical barrier to acid. 
These measures help self-treat mild, infrequent heartburn 
symptoms and provide rapid relief; however, they do not heal 
erosive esophagitis, nor prevent complications  [  33  ] . 
Furthermore, antacids require frequent dosing and should be 

used with caution in older adults due to the potential risk of 
salt overload, calcinosis and calcium nephrolithiasis, consti-
pation, diarrhea, and drug interactions.  

   Histamine-2-Receptor Antagonists 

 Acid secretion by gastric parietal cells is stimulated by acetyl-
choline, histamine, and gastrin. Histamine-2-Receptor 
Antagonists (H 

2
 RAs) reduce acid secretion by competing for 

histamine receptors on parietal cells. They are more effective in 
controlling nocturnal, as compared with meal-related, acid 
secretion because the parietal cell is stimulated postprandially 
by gastrin and by acetylcholine  [  34  ] . Compared to placebo, 
H 

2
 RAs signi fi cantly decreased heartburn, although symptoms 

are rarely abolished. The overall esophagitis healing rates with 
H 

2
 RAs rarely exceeds 60% following up to 12 weeks of 

   Table 31.1       Commonly used medications that worsen gastroesopha-
geal re fl ux disease (GERD) and their mechanisms      

 Decrease LES pressure 
  Anticholinergics 
  Barbiturates 
  Benzodiazepines 
  Beta-agonists 
  Caffeine 
  Calcium channel blockers 
  Dopamine 
  Ethanol 
  Estrogen 
  Nitrates 
  Progestrone 
  Theophylline 
 Directly injure esophageal mucosa 
  Antiretroviral agents 
  Ascorbic acid 
  Aspirin 
  Bisphosphonates 
  Doxicyline 
  Ferrous sulfate 
  Phenytoine 
  Potassium chloride 
  Propranolol 
  NSAIDs 
  Tetracycline 
  Trimethoprine–sulfamethoxazole 
  Quinidine 
 Decrease gastric emptying 
  Anticholinergics 
  Calcium channel blocker 
  Clonidine 
  Dopamine agonists 
  Lithium 
  Narcotics 
  Nicotine 
  Progestrone 
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 treatment, even when higher doses were used  [  35  ] . H 
2
 RAs are 

relatively safe with a side effect rate of about 4%, most being 
minor and reversible. However, cimetidine and to a lesser 
degree ranitidine can inhibit the P450 cytochrome system caus-
ing drug interactions, which requires monitoring of other medi-
cations taken simultaneously. When used intermittently, H 

2
 RAs 

can be effective in blocking nocturnal acid re fl ux. When used 
daily, however, tolerance develops and the bene fi t diminishes.  

   Proton Pump Inhibitors 

 PPIs provide meal-stimulated and nocturnal gastric acid 
inhibition of the parietal cell regardless of any stimuli and to 
a signi fi cantly greater degree than H 

2
 RAs and are currently 

the cornerstone of treatment of GERD. Compared to H 
2
 RAs, 

PPIs promote a greater degree and more sustained duration 
of acid suppression. In a recent Cochrane review involving 
4,032 patients in 26 RCT trials, PPIs were superior to H 

2
 RAs 

in healing esophagitis at 4–8 weeks with a    number-to-treat of 
3  [  36  ] . Currently, there are seven PPIs available on the mar-
ket with similar therapeutic ef fi cacies; however, large studies 
comparing PPIs found a greater therapeutic advantage to 
using esomeprazole in severe LA grade C/D esophagitis 
 [  37  ] . A recommended regimen in patients with con fi rmed 
esophagitis is a 2-month course of daily PPI with expected 
cure rates over 90%. However, GERD is a chronic disease 
and most elderly will require long-term maintenance therapy. 
The relapse rate can be as high as 90% annually after discon-
tinuation of PPIs  [  38  ] . Relapse rates increase following the 
abrupt discontinuation of a PPI due to oxyntic cell hyperpla-
sia  [  39  ] . Tapering off the PPI over 3–4 weeks may reduce 
relapses. PPIs are widely used with high effectiveness and 
safety in the old. Common side effects include diarrhea, 
abdominal pain, constipation, and headache which are rarely 
limiting and typically respond to dose reduction or discon-
tinuation of the medication. However, more than the afore-
mentioned, long-term use is associated with serious 
complications from PPI use as a consequence of profound 
acid suppression and has received much attention of late. 
When PPIs are ineffective, an alternated diagnosis should be 
sought for (Table  31.2 ).   

   PPI–Clopidogrel Interaction 

 Following widespread use of antiplatelet therapy, upper 
 gastrointestinal bleeding (UGI) has emerged as a common 
and often life-threatening complication. Prophylactic coad-
ministration of PPIs signi fi cantly reduces bleeding risk; 
however, recent studies have questioned the safety of this 
approach.    Clopidogrel, a prodrug, undergoes CYP2C19-
dependent activation in the liver. Ex vivo studies suggest 
that PPIs, such as omeprazole, competitively inhibit the 
CYP2C19 enzyme, thereby interfering with activation of 
clopidogrel and decrease its antiplatelet effect  [  40  ] . The 
FDA has issued a warning regarding the concomitant use of 
clopidogrel and PPIs. An alternative approach used by some 
is to dose clopidogrel 12 h apart from the PPI, but this 
approach may not be effective (based on pharmacokinetics) 
 [  41  ] . Until the potential interaction is better understood, 
caution is advised with coadministration. In patients at high 
risk for GI bleeding, especially the older adults on aspirin or 
NSAIDs, the risk of reduced activity of clopidogrel must be 
weighed against bleeding risks and decisions taken on case-
by-case basis. Other drug–drug interactions are mentioned 
in Table  31.3 .   

   PPI Use and Pneumonia 

 Gastric acid is an important barrier to colonization and infec-
tion by invading pathogens. Attenuation of this acidity results 
in increased bacterial colonization of the upper aerodigestive 
tract, providing a plausible mechanism as to why patients on 
PPIs or H 

2
 RAs might be at increased risk of pneumonia. 

Studies designed to clarify this risk show contradictory 
results. A recent large US-based population study did not 
observe an increased risk of community-acquired pneumo-
nia in older adults on PPI and H 

2
 RA  [  42  ] . On the other hand, 

several studies demonstrate a slight trend toward an associa-
tion between PPI use and pneumonia, with a higher risk for 
PPIs over H 

2
 RAs  [  43,   44  ] . Therefore, the use of PPIs should 

   Table 31.2    Potential reasons for proton pump inhibitor (PPI) failure 
and recommended approach   

 Symptoms are not a result of acid re fl ux 
  Seek an alternate diagnosis 
 Nonacid re fl ux 
  Perform impedance pH monitoring 
 Resistant re fl ux 
  High-dose PPI therapy needed 
  Cost of medical therapy prohibitive 
  Nocturnal acid breakthrough 
  Persistent regurgitation 

   Table 31.3    Potential complications of PPIs   

 Osteoporosis 
 Small intestinal bacterial overgrowth 
 Increased susceptibility to enteric pathogens 
  Traveler’s diarrhea 
   Clostridium dif fi cile  
 Drug–drug interactions 
  Cytochrome P450 interaction with Clopidogrel 
  Reduced absorption of Atazanavir 
 Increased susceptibility to aspiration pneumonia 
 Vitamin B12 and iron malabsorption 
 Increased  Helicobacter pylori  gastritis 
 Acute interstitial nephritis 
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be limited to situations where the indications are clear, and in 
such cases, they must be used in the lowest effective dose 
and for the shortest duration.  

   PPI Therapy and Enteric Infections 

 Potent inhibition of gastric acid can reduce the antiseptic 
bene fi t of gastric acid and lead to a proliferation and increased 
enteric exposure to ingested pathogenic bacteria. Enteric 
infections including  Salmonella ,  Campylobacter,  and 
 Shigella  are more prevalent in those on PPIs  [  45  ] . More 
importantly, an increased incidence of  Clostridium dif fi cile  
infections has been reported with PPI administration, with a 
doubling in the incidence of infections  [  46,   47  ] . The duration 
of PPI treatment was found to be an independent risk factor 
in one study, with the incidence of infection increasing from 
5 to 23% in those on PPI therapy for over 6 months  [  48  ] . 
Therefore, a risk-bene fi t evaluation is necessary prior to ini-
tiating antisecretory therapy in those at high risk of develop-
ing enteric infections (e.g., hospitalized patients on 
antibiotics, frail and elderly, immunosuppressed). In such 
patients, preventative measures may be utilized.  

   PPIs, Osteoporosis, and Fractures 

 PPIs may interfere with calcium absorption, a process depen-
dent on gastric acidity. In turn, this leads to a decline in bone 
loss and increased risk of fractures  [  47  ] . Several retrospec-
tive studies suggest that a higher dose and duration of PPI 
use conferred an increased risk, the largest odds ratio being 
1.92 (1.16–3.18) after 7 years of PPI use  [  49  ] . 

 Nevertheless, the FDA has recently issued a warning 
regarding the possible link between PPI use and increased 
fracture risk. In those who require high-dose, long-term PPIs, 
osteoporosis and fall risk should be assessed and the use of 
medications revised as appropriate. This includes the use of 
calcium supplements, vitamin D, and/or bisphosphonates.  

   Antire fl ux Surgery 

 Performed in expert hands, antire fl ux surgery can poten-
tially eliminate the GER by increasing basal LES pressure, 
decreasing episodes of tLESRs, and inhibiting complete 
LES relaxation. Long-term maintenance studies comparing 
medical therapy with antire fl ux surgery have demonstrated 
either similar clinical ef fi cacy or signi fi cantly better control 
of GERD symptoms postsurgery  [  50,   51  ] . Therefore, 
patients with typical or atypical GERD symptoms well con-
trolled on PPIs desiring alternative therapy or patients 
with volume regurgitation and aspiration symptoms not 

controlled on PPIs may bene fi t from the surgery. Currently, 
the two most popular procedures, performed laparoscopi-
cally through the abdomen, are the Nissen 360° fundoplica-
tion and the Toupet partial fundoplication. Postoperative 
mortality is rare (<1%), but a variety of complications occur 
with relative frequency after antire fl ux surgery, including: 
dysphagia, gas-bloat syndrome, and postvagotomy symp-
toms. Perhaps far more concerning is the high recurrence 
rate of GERD symptoms after antire fl ux surgery  [  51  ] . 
Several studies have observed that laparoscopic fundoplica-
tion does not increase the mortality or morbidity in older 
adults compared to younger counterparts  [  52,   53  ]  Therefore, 
the healthy older adult should not be refused antire fl ux sur-
gery solely on the basis of age. Best results are obtained by 
experienced surgeons in high-volume centers who report 
recurrence of symptoms in only 10–15% of patients; long-
term studies suggest that 60% of patients are back on acid-
suppressive medication 5–15 years later. 

 Prior to antire fl ux surgery, endoscopy must be performed 
to identify Barrett’s esophagus and exclude stricture, dyspla-
sia, or carcinoma. Motility studies in selected patients can 
identify ineffective esophageal peristalsis or diagnose a 
motility disorder which may alter management. Although 
not routinely indicated, barium esophagogram can help 
de fi ne a nonreducible hiatal hernia and a shortened esopha-
gus which may entail additional surgical maneuvers. In the 
subset of patients with erosive esophagitis not responding to 
PPI therapy or those with nonerosive GERD, 24-h pH testing 
is necessary to con fi rm the diagnosis. 

 Overall, PPIs seem to be safe therapy in the elderly, while 
antire fl ux surgery may be safe and effective in a subset of 
older adults with GERD  [  54  ] .  

   Complications of GERD 

 Chronic untreated GERD can lead to ulceration, bleeding, 
peptic strictures, Barrett’s esophagus, and adenocarcinoma. 
All complications are more common in the geriatric popula-
tion  [  4  ] . Similar to the young, the most common complica-
tion of GERD in older adult is esophagitis, ranging in severity 
from mild in fl ammation to severe ulceration. Chronic re fl ux 
leads to ulceration in up to 50% of patients’ aged 60 or above, 
compared to only 20% in those younger than 40 years. 
Esophageal strictures occur as a result of untreated ulcerative 
esophagitis which contributes to 60–70% of benign strictures 
in the distal esophagus  [  55  ] . Simple strictures are best treated 
with dilation via a balloon or bougie and adjunctive use of 
acid-suppressing medications (see related Chap.   29    ). In a 
third of these patients, repeated dilation is necessary to 
relieve dysphagia. Patients with refractory strictures may 
bene fi t from placement of self-expanding plastic stents and 
rarely surgery  [  56  ] .  

http://dx.doi.org/10.1007/978-1-4419-1623-5_29
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   Barrett’s Esophagus 

 An important and increasingly common complication of 
GERD is Barrett’s esophagus (BE). Here, premalignant, spe-
cialized columnar epithelium replaces the normal squamous 
epithelium of the distal esophagus in reaction to chronic 
exposure of stomach contents. The actual prevalence of BE 
is dif fi cult to ascertain since it is often asymptomatic, but it 
is undoubtedly more common in Caucasian men over age 60 
 [  57  ] . Ten to  fi fteen percent of patients over 50 who undergo 
upper endoscopy for GERD have BE as compared to only 
0.3–5% of all patients undergoing endoscopy  [  58  ] . The AGA 
recommends screening upper endoscopy for patients with 
well-established risk factors for Barrett’s esophagus; they 
include age over 50 years, male sex, white race, chronic 
GERD, hiatal hernia, elevated body mass index, and intra-
abdominal distribution of body fat. The risk of malignant 
progression is approximately 0.5% per year  [  59  ] . Patients 
with BE must be evaluated with endoscopy and multiple 
biopsies obtained to look for presence of dysplasia. Treatment 
includes use of acid-suppressive medications, but there are 
no convincing data that the therapy alters the natural history 
of the disease. Antire fl ux surgery can reduce both acid and 
nonacid re fl ux, but again there is no de fi nitive data that it 
decreases the progression to dysplasia or cancer. Recently, 
several ablative endoscopic therapies have emerged, with 
radiofrequency suggesting most promise.  

   GERD and Esophageal Adenocarcinoma 

 EAC has recently emerged as a cancer that is increasing in 
incidence faster than any other in the US and western world. 
While the reasons are largely unknown, strong associations 
have been drawn with increasing presence of GERD and 
decreasing prevalence of  H. pylori   [  59  ] . As with BE, EAC is 
more prevalent in White men with a three to fourfold increase 
in the rate of incidence in men 65 or older since the 1980s 
 [  60  ] . When patients present with dysphagia and weight loss, 
the cancer is usually incurable with poor 5-year survival. 
Treatment depends on the location and stage of the cancer 
and includes surgery combined with radiation and chemo-
therapy. In a large data base from 154,406 endoscopies, 
re fl ux esophagitis and its complications including BE and 
benign esophageal stricture increased with age; the preva-
lence in the elderly was similar in both sexes  [  61,   62  ] . 

  Key Points 

    While the frequency and severity of heartburn does not • 
increase with age, the severity of in fl ammation does and 
so do the complications of gastroesophageal re fl ux disease 

(GERD) including ulcerations, bleeding, strictures, 
Barrett’s esophagus, and esophageal adenocarcinoma.  
  Heartburn as a manifestation warrants exclusion of coro-• 
nary heart disease in the old, especially in presence of 
risk factors.  
  Use of multiple medications that diminish esophageal • 
clearance or cause mechanical obstruction, altered esoph-
ageal motility, altered lower esophageal sphincter (LES) 
function, and delay in gastric emptying explain the 
increased severity of GERD in the elderly.  
  Symptoms of GERD in the older adult are often absent or • 
atypical; manifestations include those related to aspira-
tion, vomiting, and dysphagia.  
  Proton pump inhibitor (PPI) therapy remains the corner-• 
stone of therapy with favorable short-term side effect 
pro fi le and few drug interactions.  
  Long-term PPI therapy has been associated with several • 
adverse effects.          
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         Introduction 

 Older adults frequently suffer both acute and chronic abdominal 
pain. Nearly half the over-65-year age group presenting to 
the emergency department with abdominal pain require hos-
pitalization and as many as a third require surgical interven-
tion  [  1–  3  ] . Geriatric patients differ in that the majority of 
older individuals manifest comorbidity; a smaller number 
are incapable of expressing themselves adequately or 
describe their complaints to the physician to facilitate assess-
ment, evaluation, and execute diagnostic procedures  [  4  ] . 

 Pain is also a “sixth sense” apart from the  fi ve senses of 
sight, sound, smell, taste, and touch whereby the faculty of pain 
warns the patient of impending danger or presence of injury 
 [  5  ] . The patient deprived of the ability to perceive pain may 
be in grave peril. Sadly this may be the situation in some 
elderly patients. On the other hand, appropriate assessment 
of pain by the provider is now considered routine in health-
care and important enough to be termed a  fi fth vital sign 
(along with temperature, pulse, blood pressure, and respira-
tory rate) and has been signed into law in the state of 
California, effective the year 2000  [  6  ] . 

 Abdominal pain similar to other painful disorders, nega-
tively impairs the older patients’ quality of life. Impaired 
cognitive function, sleep disturbance, impaired functional 
abilities, and diminished socialization are some factors 
affecting quality of life. Further, abdominal pain in the older 
adult may be ominous; the overall mortality for elderly 
patients attending the emergency department with the chief 
complaint of abdominal pain exceeds 10%  [  1,   4  ] . 

 Addressing the special concerns of pain in general in 
older adults, the American Geriatrics Society published clin-
ical practice guidelines speci fi c for the assessment and man-
agement of pain, and the American Medical Doctors 
Association published clinical practice guidelines for the 
management of pain in long-term care settings  [  7–  9  ] .  

   Assessment of Pain 

 There may be a misconception among some patients and 
providers that aches and pains are a part of aging. It is also 
erroneous to believe that older individuals perceive less pain 
than the young. It is important that providers understand the 
barriers in the assessment of pain in geriatric patients. The 
older patient and caregiver may dismiss pain for several rea-
sons: belief that is a natural consequence of aging; the desire 
not to be a burden to the caregiver, family, or nursing staff; 
fear of dreadful disease and impending death; fear of hospi-
talizations, diagnostic studies; and  fi nally costs of health care 
 [  10–  16  ] . The current best indicator of the pain experience is 
the patient’s own report, including the intensity of pain and 
its impact on daily function  [  7  ] . 

 Communication barriers add to the burden in evaluating 
pain. Many elderly suffer from diminished cognitive, sensory-
perceptual and motor abilities posing dif fi culty in communi-
cation. Patients with dementia, delirium, stroke, and aphasic 
syndromes encounter communication barriers; language and 
cultural background may compound dif fi culties in pain 
assessment. 

      Abdominal Pain       

     C.  S.   Pitchumoni       and    T.  S.   Dharmarajan       

  32

    C.  S.   Pitchumoni, MD, MPH, FRCP(C), MACP, MACG, AGAF   (*)
     Clinical Professor of Medicine ,  Robert Wood Johnson School of 
Medicine, Drexel University School of Medicine ,   Adjunct Professor 
of Medicine ,  New York Medical College ,  Valhalla,   NY ,  USA    

   Chief, Gastroenterology ,  Hepatology and Nutrition ,   Saint Peter’s 
University Hospital, New Brunswick ,  NJ ,  USA   
e-mail:  pitchumoni@hotmail.com    

    T.  S.   Dharmarajan, MD, FACP, AGSF    
   Professor of Medicine ,  Associate Dean ,   New York Medical College, 
Valhalla ,  NY ,  USA    

   Vice Chairman, Department of Medicine ,  Clinical Director, 
Division of Geriatrics, Program Director, Geriatric Medicine 
Fellowship Program, Monte fi ore Medical Center (North Division) , 
  600 East 233rd Street, Bronx ,  NY 10466 ,  USA    



324 C.S. Pitchumoni and T.S. Dharmarajan

 Abdominal pain in the geriatric age group is frequent in 
occurrence and potentially serious, besides being an under-
recognized problem. Comprehensive assessment of abdomi-
nal pain in the older adult is a clinical art that cannot be 
replaced by endoscopic or imaging procedures and  fi nding 
an “incidentaloma.” Recognition and proper understanding 
of pain is often a key to diagnosis. A focused history from 
the patient and/or caregiver is the most important initial step 
to determine the choice of diagnostic studies that may be 
cost  effective and useful, taking into account the unique 
problems in obtaining a history in the cognitively impaired. 
The approach should be to not only look, but also to listen to 
the patient, as in the case of gastroesophageal re fl ux disease 
(GERD), and use validated scales as indicated  [  17–  19  ] . 

 Several instruments or tools have been tested and used for 
pain assessment, including the Visual Analog Scale, Faces 
Pain Scale, Short-Form McGill Pain questionnaire, Pain 
Assessment in Advanced Dementia Tool; these can help in 
practice and improve pain assessment and management  [  17  ] . 
On the other hand, assessment of pain in the demented older 
adult is different. Patients with early Alzheimer’s disease 
may have pain discriminatory capacity and weaker emotional 
and affective experience of pain, but in advanced cases it 
may be very dif fi cult to even determine the presence of pain 
 [  18  ] . Here, a systematic approach requires three steps: direct 
questioning (self-report), direct behavioral observation and 
interview with caregiver/informant  [  18  ] . In the nursing home 
residents with dementia, the use of a Certi fi ed Nursing 
Assistant Pain Assessment Tool (CPAT) has proved useful 
and observes  fi ve categories of facial expression, behavior, 
mood, body language, and activity tool to arrive at a score of 
0–5  [  5  ] . Pain perception can also vary with the type of 
dementia and criteria adopted  [  20  ] . A multidisciplinary role 
may be required to deal with demented patients presenting 
with abdominal pain. 

 Several of the challenges encountered in the diagnosis of 
abdominal pain in the older are listed in Table  32.1 . An 
approach to the evaluation and the importance of history are 
cited in Tables  32.2  and  32.3   [  1–  4,   10–  16,   21  ] .     

   Causes of Abdominal Pain 

 It is beyond the scope of this chapter to discuss individual 
conditions causing abdominal pain; causes may be gastro-
intestinal or nongastrointestinal. Nongastrointestinal causes 
may be genito-urinary, musculoskeletal, skin, metabolic, 
thoracic causes, or spinal; they must be part of the differ-
ential diagnosis of abdominal pain in the older adult 
(Table  32.4 ).  

 Biliary tract disease accounts for almost 25% of cases in 
the older adult with abdominal pain followed by nonspeci fi c 
pain, malignancy, intestinal obstruction, complicated peptic 

ulcer, incarcerated hernias, diverticulitis, and appendicitis. 
Chronic disorders may also present with intermittent exacer-
bations. Internal hernia, adhesion, volvulus, Crohn’s disease, 
porphyria, diabetic neuropathy, irritable bowel syndrome 
(IBS), chronic mesenteric ischemia, metastatic cancer, 
chronic pancreatitis, psychiatric causes, and the effects of 
medications are examples. Organizing the differential diag-
nosis into categories (in fl ammatory, obstructive, vascular, 
and other) provides a framework for history, physical exami-
nation, and diagnostic studies  [  22  ] . Despite the dif fi culties in 
evaluating abdominal pain (in the elderly) for the primary 
care physician and the subspecialists, the goals of clinical 
assessment are similar and are detailed in several excellent 
reviews  [  13–  29  ] . 

   Table 32.1    Challenges in the diagnosis of abdominal pain in older 
adults  [  1–  16,   21,   46–  55  ]    

 Physiological changes 
 Decrease in pain perception 
 Delayed presentation to ED 

 History taking 
 Decreased hearing 
 Impaired memory 
 Dementia 
 Decreased ability to speak 
 Fear of diagnosis 
 Fear of losing independence 
 Fear of  fi nancial loss 
 Psychiatric disorders 
 Comprehension dif fi culties 
 Language barriers 

 Effect of concurrent medications 
 NSAIDs: blunting of pain, risk of peptic ulcer, anemia 
 Narcotic use: blunting of pain and sensorium 
  Digoxin, colchicine, metformin, aspirin, NSAIDs cause abdominal 
pain 
 Beta blockers: blunt cardiac response and mask tachycardia 

 Physical examination 
 Normothermic/hypothermic in the presence of infection 
 Tachycardia may be blunted 
 Tachypnea disproportionate to pain 
 Decreased pain perception/tenderness 
 Decreased rebound and guarding 

 Comorbid conditions 
 Diabetes may blunt pain 
 May mask the acute problem 
 Rapid deterioration in the presence of organ dysfunction 

 Laboratory values 
 May be normal even in the presence of infection 

 Imaging studies 
  Plain X-ray abdomen: general usefulness is limited but needed for 
evaluation of free air and intestinal obstruction 
  Ultrasound: useful to diagnose abdominal aortic aneurysm (AAA), 
gallstones 
 Findings may be obscured by body habitus, bowel gas 
 CT: useful, but incidental  fi ndings may lead to overdiagnosis 
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 An experience with the  acute abdomen  in subjects of 
mean age 78 years over 4 years revealed that the most com-
mon reasons for emergency surgery in the group were 
mechanical bowel obstruction (45%), perforation (18%), and 
strangulated hernia (18%); mesenteric ischemia was the most 
important cause of fatal outcome; the study concluded that 
acute abdomen is a frequent cause of death requiring vigi-
lance and early attention  [  30  ] . The following summarizes 
selected painful abdominal disorders in the geriatric patient.
    1.    Cholecystitis: Cholelithiasis increases with age, with the 

severity of gallstone disease much higher with age. 

Unlike in the young, more than half the elderly patients 
with acute cholecystitis do not have nausea, vomiting, or 
fever  [  10  ] . Even with complications such as gall bladder 
empyema, gangrene, or frank perforation, a third may be 
afebrile  [  31  ] . Leukocytosis is absent in 30–40% along 
with normal liver function tests. The accuracy of sono-
graphic Murphy’s sign does not decline even with pre-
medication with opioid drugs  [  32  ] . There is an increased 
incidence of acalculous cholecystitis, a fact not appreci-
ated readily on ultrasound  [  33  ] . With a high clinical sus-
picion of cholecystitis, and a negative ultrasound, HIDA 
scan is to be performed.  

    2.    Peptic ulcer disease: There is an increased incidence of 
NSAID induced peptic ulcer disease in the elderly, par-
ticularly in women who tend to consume more analge-
sics than men for back pain. NSAID induced peptic 
ulcers are likely to be painless because of the analgesic 
property of the medication but often cause low grade 
bleeding resulting in iron de fi ciency anemia. Perforated 
peptic ulcer may be the initial manifestation of the 
disease. The onset of abdominal pain may not be acute, 
and abdominal rigidity may be absent  [  34  ] . Plain radio-
graph of the abdomen may not show free intraperitoneal 
air in nearly 40% of patients unless a lateral  fi lm is 
obtained  [  35  ] .  

    3.    Pancreatitis: The incidence of pancreatitis increases as 
age advances, with the most common etiology being gall-
stone disease. The mortality increases as age advances. 

   Table 32.2    Suggested steps in the evaluation of abdominal pain
  [  4,   10–  16  ]    

 Expect the history to be incomplete 
  Additional history from family members or caregivers may be 
helpful 

 Repeat vital signs often 
 Auscultation of abdomen before percussion/palpation 

 Listen to bowel sounds/bruits 
 Perform all of the following routine tests 

 CBC 
 Electrolytes 
 LFTs 
 Amylase/lipase 

 Imaging studies—select the study based on need 
 Plain  fi lm of abdomen (KUB) 
 Abdominal sonography 
 CT of abdomen 
 Chest X-ray 

 Cardiac evaluation 
 EKG 

 Second line tools 
 Blood gas 
 Blood and urine culture 
 Angiography 
 Nuclear scan 
 MRI 

   Table 32.3    Points to elicit in the history of abdominal pain   

 Location 
 Character 
 Radiation 
 Onset 
 Duration 
 Periodicity 
 Tempo/chronology 
 Aggravating factors 
 Relieving factors 
 Associated features 
 Past medical/surgical history 
 Family and social history 
 Detailed medication history 
 History of occult or evident alcohol consumption 

   Table 32.4    Nongastrointestinal causes of abdominal pain as part of 
differential diagnosis  [  43,   46–  55  ]    

 Genito-urinary  Kidney stones 
 Pyelonephritis 
 Acute urinary retention 

 Cardiovascular  Aortic dissection 
 Aortic aneurysm 
 Unstable angina 
 Acute myocardial infarction 
 Pulmonary embolism 

 Respiratory  Pneumonia 
 Gynecological  Ovarian rupture 
 Musculoskeletal  Inguinal/ventral hernia, strangulated 

 Osteomyelitis 
 Radiculitis 
 Disorders of vertebra 
 Muscle injury 

 Metabolic  DKA 
 Uremia 
 Hyperparathyroidism 
 Porphyria 
 Addison’s disease 

 Heavy metal poisoning  Lead poisoning with herbal medicines 
 Neuro-cutaneous  Herpes zoster 

 Injection abscess (in diabetics) 
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The disease may present initially solely with systemic 
in fl ammatory response syndrome. Although an early CT 
scan in the younger patient with acute pancreatitis may 
not be necessary, the threshold for performing a CT scan 
in the older patient should be low  [  10  ] .  

    4.    Diverticular disease: The incidence increases with age. 
Diverticulitis manifests as left lower quadrant pain, 
along with fever and leukocytosis. Diverticulitis may 
be complicated by  fi stula to the bladder or uterus. 
Free perforation, rare in the younger population, occurs 
more often in the elderly.  

    5.    Appendicitis: The incidence of appendicitis in older 
adults is much lower than in the young, but the mortal-
ity ranges from 4 to 8%. The diagnosis of appendicitis 
in the elderly is often missed, with half of all cases 
already perforated at time of diagnosis. Fever, anorexia, 
right lower quadrant pain, and leukocytosis are evident 
in less than a third, and one-quarter may have no right 
lower quadrant tenderness. CT scan of the abdomen is 
mandatory in the evaluation of a patient with suspected 
appendicitis, along with early surgical consultation 
 [  35–  37  ] .  

    6.    Mesenteric ischemia: The symptoms of acute mesenteric 
ischemia are nonspeci fi c. The classic triad of abdominal 
pain, gut emptying, and underlying cardiac disease is 
found in the minority of cases. Leukocytosis is notable 
along with some degree of metabolic acidosis and ele-
vated lactate. Physical examination is often nonreveal-
ing. Abdominal tenderness, peritoneal signs, and bloody 
stools are late occurrences. Hyperamylasemia should 
not be mistaken for acute pancreatitis. CT is the imaging 
test of choice. However, angiography is the gold stan-
dard  [  38,   39  ] .  

    7.    Splenic infarction: This entity is a rare cause of acute 
abdominal pain in the old, and especially seen in those 
with primary antiphospholipid antibodies syndrome; CT 
scan of the abdomen helps diagnosis  [  40  ] .  

    8.    Ruptured abdominal aortic aneurysm (AAA): Because of 
sudden onset of back pain radiating toward the groin 
associated with microscopic hematuria, AAA is often 
confused with renal colic. Other conditions which mimic 
ruptured AAA include diverticulitis, GI bleeding from 
aortoenteric  fi stula, and acute coronary syndrome. The 
diagnosis of AAA should be excluded in any patient who 
has syncope or hypertension in combination with abdom-
inal or back pain  [  10  ] . The U.S. Preventive Services Task 
Force (USPSTF) recommends a one-time screening for 
AAA by ultrasonography in men aged 65–75 years who 
have ever smoked  [  41  ] ; patients with peripheral arterial 
disease and peripheral aneurysms with abdominal pain 
deserve consideration for dissecting aneurysm. 
Hypotension is absent in nearly 65% of cases. Atypical 
presentations of ruptured AAA are common  [  42,   43  ] .  

    9.    Bowel obstruction: Small bowel obstruction (SBO) 
occurs secondary to adhesions consequent to prior 
abdominal surgery. SBO is characterized by sudden, 
sharp, periumbilical pain, bilious vomiting suggestive of 
high gut obstruction, and feculent emesis low gut 
obstruction. Hyperactive bowel sounds and audible 
rushes are suggestive physical examination  fi ndings. 
Large bowel obstruction is often a consequence of left 
sided colon cancer, diverticulitis, or volvulus.  

    10.    Hernia: Femoral and inguinal hernia tend to be overlooked. 
In particular, in older obese women, the inguinal 
regions escape physical examination; hence examina-
tion for hernias should in the supine and if possible, the 
upright position; CT or MRI scan can establish the 
diagnosis  [  44  ] .  

    11.    Drug induced pain is associated with a high prevalence 
of polypharmacy. Commonly incriminated drugs include 
NSAIDs, aspirin, erythromycin, colchicines, drugs asso-
ciated with acute pancreatitis, and antibiotics associated 
with  Clostridium dif fi cile  colitis  [  45  ] .  

    12.    Unusual causes: The physical examination should 
include the abdomen, inguinal regions, and the back in 
evaluation of abdominal pain. Herpes zoster as the cause 
of pain may be evident by the presence of vesicles or 
crusting. Pain in herpes can precede the onset of rash, 
making it a dif fi cult diagnosis, and be concurrent with or 
appear after the rash subsides, the last one termed pos-
therpetic neuralgia. Older adults may be unaware of the 
rash as they do not routinely look at the back, emphasiz-
ing the importance of a thorough physical examination. 
Besides herpes, causes of abdominal pain encountered 
in the geriatric patient include pyelonephritis, renal 
colic, and hepatic or subphrenic abscess. Hence the need 
for physicians to entertain a broad differential diagnosis, 
in the background of inadequate to no history  [  46–  55  ] .      

   Dealing with Abdominal Pain 

 As the geriatric patient may be hypotensive, obtunded or 
even hypothermic, portending a serious illness, speed of 
diagnosis is vital in managing abdominal pain. In addition to 
routine pulse oximetry, oxygen, and cardiac monitoring in 
those with acute abdominal pain, intravenous access is essen-
tial. Surgical consultation is best entertained early rather than 
too late. As already stated, the liberal utility of ultrasound 
and CT may be a consideration  [  45  ] . Further, the patient may 
have to be placed on “nothing by mouth orders” until a diag-
nosis is apparent. 

 Pain management is multifactorial and involves psycho-
logical and physical methods, and drugs (including NSAIDs, 
opioids, antispasmodics, regional, and epidural analgesia), in 
conjunction with risk-bene fi t assessment  [  15  ] . A detailed 
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approach to pharmacology of pain is essayed in a guideline 
from the American Geriatrics Society  [  7  ] . Although older 
adults are generally at higher risk of adverse drug reactions, 
analgesics and pain-modulating drugs are still safe and effec-
tive, when comorbidities are carefully considered  [  7  ] . Age-
associated differences in effect, sensitivity, pharmacokinetics 
and dynamics, and adverse effects must be understood by the 
provider with regard to use of analgesics. 

 A study on the in fl uence of gender on emergency depart-
ment management and outcomes in geriatric abdominal 
pain in those aged 70 years and over demonstrated no dif-
ference in diagnoses and management between men and 
women; however, men had a higher rate of death within 3 
months  [  56  ] . Further, patients over age 80 years appear 
17% less likely than the <65 year group to receive analge-
sia for abdominal pain in the emergency department, and 
also less likely to receive opioids  [  57  ] . A systematic 
PubMed and Cochrane analysis of data over 18 years sug-
gests a dearth of data on the effect of pain treatment in 
those with dementia and agitation  [  58  ] , indicating the need 
for more studies. 

  Key Points 

    Abdominal pain in the elderly is a challenging problem in • 
view of its common occurrence and dif fi culty in diagnosis.  
  Nearly 50% of older adults with abdominal pain at the ED • 
require hospitalization; surgical intervention is required 
in about a third.  
  Abdominal pain is not a natural consequence of aging.  • 
  Dif fi culties in obtaining an adequate history, medication • 
effect, and communication barriers confound the pathol-
ogy and interfere with early diagnosis of the etiology.  
  Physical examination  fi ndings may be absent or not • 
evident.  
  Comorbid diseases, especially dementia, may blunt or • 
confuse the clinical picture.  
  Pain assessment in dementia should depend on observa-• 
tions and examination rather than the patient’s complaints.  
  Laboratory values may not be abnormal despite a critical • 
illness.  
  Patients with appendicitis may not manifest leukocytosis • 
and elevated amylase may not mean pancreatitis.  
  More than half the elderly with acute cholecystitis do not • 
have nausea, vomiting, or fever.  
  NSAID induced peptic ulcers are common in the elderly • 
and associated with no pain, rather may present with 
severe anemia.  
  Appendicitis, although rare, may present with no fever, • 
anorexia, right lower quadrant pain, or leukocytosis.  
  CT scan of the abdomen has to be liberally used in the • 
evaluation of abdominal pain.          
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 For millennia, physicians and laymen alike have been 
intrigued by intestinal gas. The topic of gaseousness, famil-
iar to all, has perhaps gained inadequate scienti fi c respect. In 
the past century, though, many analyses have been made of 
the sources and composition of intestinal gas, with some    
excellent publications over 20 years old  [  1  ] . The relationship 
between intestinal gas and symptom production is poorly 
de fi ned. Rarely have studies been done when symptoms and 
diseases are active. As new data emerge, our knowledge in 
this  fi eld will undoubtedly grow  [  2–  4  ] . 

 Problems pertinent to belching, bloating, and  fl atulence 
are commonly brought up to the primary physician or gastro-
enterologist. Proper characterization of these clinical syn-
dromes carries unique pathophysiology and implications for 
management.

    Belching  occurs when air from a distended esophageal 
body causes relaxation of the upper esophageal sphincter and 
escape of gas into the pharynx. Belching can be either gastric 
or supragastric, the latter occurring in patients, but not in 
healthy subjects  [  5  ] . Normal belching occurs frequently after 
meals, when gastric distension results in transient lower 
esophageal sphincter (LES) relaxation. Chronic excessive 
belching is almost always supragastric belching or 
aerophagia.  

   Bloating  refers to the subjective sensation of abdominal 
swelling. It is associated both with visceral hypersensitivity 
and impaired transit. Bloating is not always correlated with 
distension or actual increase in abdominal girth.  

   Flatulence  is the volitional or involuntary release of gas 
from the anus as well as the perception of excessive expul-
sion of gas.    

 The management of intestinal gas in the older population 
is even more challenging than in the younger population. 
Communication of complaints may be compromised; 
signs and symptoms are frequently the result both of 
polypharmacy and of underlying chronic illnesses; and 
pharmacologic intervention may be limited by a greater 
proclivity to untoward effects. Therefore, it is an appro-
priate topic in a text dedicated to geriatrics, with attention 
given to factors in the older population. A brief look at the 
passage of gas through the various segments of the intes-
tinal tract will be followed by a review of the components 
of intestinal gas. 

   Passage of Gas Through the 
Gastrointestinal Tract 

 The volume of gas in the intestinal tract at any one time is 
relatively small. Using argon washout technique, Levitt 
demonstrated the total volume of intestinal gas to be 
200 mL  [  6  ] . This technique, however, measured gas only from 
the jejunum to the rectum, omitting more proximal gas, and 
therefore yielding falsely low values. Most current investiga-
tors, however, believe that approximately 100 mL of gas is 
present in the intestinal tract in the fasting state, distributed 
equally in stomach, small intestine, ascending colon, trans-
verse colon, descending colon, and pelvic colon. This volume, 
however, may increase postprandially by 65%, particularly in 
the pelvic colon  [  7  ] . Average daily anal expulsion of gas, on 
the other hand, is 600–700 mL, of which over 50% is swal-
lowed air  [  8  ] . Nitrogen (N 

2
 ), oxygen (O 

2
 ), carbon dioxide 

(CO 
2
 ), hydrogen (H 

2
 ), and methane (CH 

4
 ) comprise over 99% 

of intraluminal gas. Gastric principle gases include N 
2
 , O 

2
 , 

and CO 
2
 , whereas  fl atus also includes H 

2
  and CH 

4
 . In each 

segment of the intestine, the volume and composition of gas 
are determined by chemical reactions, bacterial fermentation 
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and consumption, diffusion between luminal and blood 
compartments, all in the setting of swallowing and belching, 
gut motility, and anal evacuation. In the healthy state, food 
substrate and bacterial populations contribute to individual 
variation; in disease, enzyme de fi ciencies, malabsorption, 
mucus secretion, and a host of other factors play additional role. 

 Virtually all gas in the stomach comes from swallowed air 
(atmospheric air 78% N 

2
 , 21% O 

2
 , 0.9% argon, 0.04% CO 

2
 ), 

most of which is eructated. The large quantity of nitrogen 
represented in atmospheric air is less represented further 
along the gastrointestinal tract. As swallowed air contains 
very little carbon dioxide, CO 

2
  diffuses from blood into the 

stomach bubble. Much of the oxygen of swallowed air is 
absorbed from the stomach into the blood along its pressure 
gradient (Fig.  33.1 ).  

 In the upper small intestine, bicarbonate and acid com-
bine to produce CO 

2
 . Bicarbonate is present in salivary, bil-

iary, pancreatic, and small bowel secretions, and hydrochloric 
acid is secreted by the stomach (about 30 mEq/h after meals). 
Fatty acids are released from the digestion of triglycerides 
(about 100 mEq acid/30 g fat)  [  9  ] . Although CO 

2
  diffuses 

rapidly into the blood, in the postprandial state the high  p CO 
2
  

causes luminal  p N 
2
  to fall below that of blood, and N 

2
  dif-

fuses from the blood to the intestine. Both CO 
2
  and N 

2
  are 

propelled into the colon. 
 Colonic bacterial  fl ora, the product of early environmen-

tal exposures, antibiotic usage, and dietary habits, is highly 
variable with each individual  [  10  ] . Acting upon delivered 

substrate, bacteria in the colon both produce and consume 
various gases. It is primarily here that the content of  fl atus is 
determined. Large numbers of bacteria, fermenting undi-
gested carbohydrates and proteins, produce H 

2
  and CO 

2
 . The 

substrate that is delivered to the colon is also highly variable. 
Lactose malabsorption, as a result of insuf fi cient lactase syn-
thesis, is a common problem. Overconsumption of fructose-
containing beverages may overwhelm digestive capabilities. 
Many fruits and vegetables, particularly legumes, contain 
undigestible oligosaccharides such as raf fi nose and stachyose; 
these become substrate for colonic bacteria    (see Chap.   21    ). 
Small quantities of starches present in wheat, oats, corn, and 
potatoes are resistant to digestion, a resistance enhanced by 
the refrigeration and reheating of food products  [  11  ] . Fiber 
in a meal can decrease starch absorption  [  12  ] , and beans con-
tain an amylase inhibitor that interferes with starch digestion 
 [  13  ] . The high correlation between hydrogen gas and carbon 
dioxide concentrations in  fl atus suggests a similar mecha-
nism for their production.  

   Components of Intestinal Gas 

 The nitrogen (N 
2
 ) content of the GI tract approximates that 

of swallowed air (78%), with only small amounts represented 
by bacterial metabolism. A relatively insoluble gas, N 

2
 , dif-

fuses poorly into the bowel lumen, but will do so if the  p NO 
2
  

falls below that of blood. This can occur following a bean 
meal, for example, when the delivery of undigestible oligo-
saccharides to intestinal bacteria results in the rapid produc-
tion of CO 

2
 , H 

2
 , and CH 

4
   [  14,   15  ] . 

 Carbon dioxide (CO 
2
 ) is liberated from the interaction of 

bicarbonate and acid. Acid is delivered via gastric acid secre-
tion after a meal may result in the production of over 600 mL 
of CO 

2
   [  16  ] , while fatty acid hydrolysis of 30 g of fat can pro-

duce several liters of CO 
2
  from the large quantities of bicar-

bonate secreted in saliva, mucus, bile, and pancreatic juice. 
Carbon dioxide is also produced as a direct metabolic product 
of bacterial fermentation; most of this CO 

2
  is absorbed as it 

passes down the intestinal tract and does not appear in  fl atus. 
Were this not the case, the quantity of CO 

2
  generated would be 

intolerable. Rapid transit states can overwhelm the system. 
 The percentage of hydrogen gas (H 

2
 ) present in the GI 

tract is highly variable and dependent in part upon the bacte-
rial population  [  17  ] . Entirely a bacterial metabolic product, 
the presence of hydrogen gas  fl uctuates with availability of 
substrate, such as undigestible disaccharides and oligosac-
charides, as well as products of malabsorption states. Colonic 
bacteria containing alpha- d -galactopyanosidase, an enzyme 
absent in humans, readily digest the oligosaccharides 
stachyose and raf fi nose, liberating hydrogen gas  [  18  ] . Other 
colonic bacteria rapidly consume the H 

2
  liberated by these 

organisms. Hydrogen which is not consumed is either 

  Fig. 33.1    Intestinal gas: composition, formation, and disposition       
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excreted per rectum or absorbed in the portal circulation and 
excreted by the lungs. 

 Methane gas (CH 
4
 ), interestingly, is not present in all indi-

viduals. Its production depends upon both highly anaerobic 
conditions and favored bacterial  fl ora. Two-thirds of adults 
over 10 years of age are CH 

4
  “non-producers”  [  18  ] . The pro-

duction of CH 
4
  is dependent more upon the concentration of 

methanobacteria in the gut than upon a particular substrate. 
Recent literature supports a reciprocal relationship between 
the presence of CH 

4
  and delayed transit states  [  19  ] . In fact, 

the excretion of methane alone in constipation-predominant 
irritable bowel syndrome (IBS) patients has been demon-
strated in breath testing with a positive predictive value of 
100%, with diarrhea-predominant IBS patients found to be 
mainly hydrogen excreters  [  20  ] . 

 Both CH 
4
  and H 

2
  are combustible gases that may be 

explosive when present with oxygen. Interestingly, mannitol, 
once used to prepare patients for colonoscopy, was reported 
to cause accumulation of potentially explosive concentra-
tions of hydrogen (>4.1%) and/or methane (>5%), producing 
a combustible mixture  [  21  ] . 

 Oxygen contained in swallowed air is utilized by bacteria 
along the entire course of the intestinal tract. Diffusing read-
ily into the circulation where it is bound by hemoglobin, little 
backward diffusion takes place. The resulting  p O 

2
  in  fl atus is 

only 1–2 mmHg. With the  p O 
2
  of feces even less than that of 

 fl atus, an environment favoring growth of fastidious anaero-
bic bacteria is thus formed. 

 Since N 
2
 , CO 

2
 , H 

2
 , CH 

4
 , and O 

2
  are all odorless gases, 

there must be other trace gases to account for the odor of 
 fl atus. Less than 1% of  fl atus is composed of ammonia, 
hydrogen sul fi de, methanethiol, dimethylsul fi de, indole, ska-
tole, mercaptans, volatile amines, and short chain fatty acids. 
Notably, though, the human nose is able to detect gases in 
concentration as low as 1:100,000,000  [  22  ] . As some of 
these gases are absorbed from the bowel lumen and then 
excreted by the lungs, they may contribute to the characteris-
tic and individual odor of breath, and also to the phenomenon 
of the so-called extra-oral halitosis  [  23  ] .  

   Clinical Gas Syndromes 

 Belching and passing  fl atus are generally normal, not patho-
logic, events. 

  Belching  that is chronically repetitive, so-called malig-
nant belching, is the result of inappropriate aerophagia or 
swallowing of air into the hypopharynx, with immediate 
expulsion  [  5  ] . The behavior of chronic repetitive belching is 
often a manifestation of emotional stress; it may also, how-
ever, be precipitated by the discomfort of an underlying 
organic or functional problem that needs attention. Excessive 
salivation, often the result of painful mouth conditions, may 

incite aerophobia and belching. After each belch, a portion 
of the aspirated air passes into the stomach, increasing the 
size of the gastric air bubble. The temporary relief of belching 
encourages repetition, but the expanding gastric bubble 
causes added discomfort, and the behavior can become a 
vicious cycle. Repeated belching over time may also widen 
the diaphragmatic hiatus, and lead to hiatal hernia. 

 More air is normally swallowed in the supine than in the 
upright position, and the bed-ridden elderly often swallow air 
and belch in much the same fashion as the infant. In some 
cases, excessive belching is caused by consuming large 
amounts of gas-containing foods, such as carbonated drinks, 
apples, breads, and whipped foods; in these situations, dietary 
manipulations will be curative. The ingestion of foods that 
reduce LES pressure, such as caffeine, fats, and mints, can also 
exacerbate belching. A myriad of medications, including beta-
agonists for asthma, calcium channel blockers, anti-depressants 
and anti-psychotics, also lower LES pressure. Although there 
are no scienti fi c studies to support or refute, it is reasonable to 
believe that eating rapidly, chewing gum, sucking on hard 
candy, drinking through a straw, and smoking may increase air 
swallowing and excessive belching. In the older adult, chewing 
and swallowing problems can result from neurologic de fi cits, 
ill- fi tting dentures, and drugs that affect normal salivation. 

  Bloating  is the sensation of retained excess gas within the 
lumen of the intestine and has been associated with both vis-
ceral hypersensitivity  [  24,   25  ]  and dysfunctional motility. The 
association of bloating with actual increased abdominal girth 
is variable. Although not included in the Rome III criteria  [  26  ] , 
bloating is a common symptom of IBS, shared by up to 92% 
of patients carrying this diagnosis  [  27  ] . Bloating may be more 
commonly seen in the setting of constipation, but it is common 
to all subtypes of IBS. Although the IBS patient need not 
produce more gas to have gas-related symptoms  [  28  ] , recent 
studies are addressing the role of small intestinal bacterial 
overgrowth (SIBO) and bacterial fermentation as etiologic in 
the bloating symptom of IBS  [  29–  31  ] . The hypothesis is not 
validated as neither culture nor breath testing has been endorsed 
as a gold standard measurement of SIBO. 

 Many patients who complain of bloating have normal 
amounts of gas in the GI tract, as demonstrated by argon gas 
washout studies  [  32  ] . The concept of impaired re fl ex control 
of gas transit, which initially led to coining the term “splenic 
 fl exure syndrome,” is perhaps re-illustrated by abdominal 
CT studies showing increased lateral girth along with dia-
phragmatic descent, also suggesting a dyssynergia of dia-
phragm contraction and abdominal wall muscle relaxation. 
Thus, bloating may result from the perception of excess gas, 
the production of excess gas, impaired transit of intestinal 
gas, or any of these factors in combination. 

 Functional gastrointestinal disorders of the bowel are com-
mon in older adults and can be diagnosed after excluding organic 
disorders such as malignancy or mesenteric ischemia  [  33  ] . 
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 SIBO can result from a number of pathophysiologic 
conditions and play an important role in the prevalence of 
bloating. SIBO can cause not only bloating but also abdominal 
pain, diarrhea, and macrocytic anemia. The disorder is 
detailed in chapter 46. While the de fi nitive test for SIBO is 
culture of small bowel aspirate, it is invasive, time consum-
ing, dif fi cult, and insensitive  [  34  ] . Lactulose breath testing is 
inexpensive, and easier but may be inaccurate  [  35,   36  ] . 

 Maldigestion and malabsorption of both simple and com-
plex carbohydrates and dietary  fi ber are a common cause of 
excess gas production. Flatulence is usually the  fi rst reported 
symptom, with bloating ensuing later. Lactose intolerance is 
the most common cause of simple carbohydrate maldigestion. 
Insuf fi cient amount of enterocyte brush border lactase to 
hydrolyze lactose into glucose and galactose occurs in 21% of 
Caucasians, 75% of African Americans, 51% of Hispanics, 
79% of the Native Americans, and 60–80% of Asians. Other 
simple carbohydrates can also lead to gas and bloating. 
Fructose is variably absorbed in the gastrointestinal tract. 
A monosaccharide, it is found in three basic forms in the diet: 
as free fructose, in fruits and honey; as a component of sucrose; 
and in fructans, a polymer of fructose, found in oligosaccha-
rides of some vegetable and wheat. Fructose is present more in 
some fruits (apples, pears, grapes, mango, and watermelon) 
than others (berries, citrus fruits, bananas, and pineapples) 
 [  37  ] . As a component of sucrose and honey, its importance in 
malabsorption has become more common with the advent of 
high fructose corn syrup (HFCS), an additive to most drinks 
and many commercial desserts. Fructose malabsorption is a 
less well-understood disorder, as the absorptive capacity of 
fructose in “normal” individuals is not known. Like other car-
bohydrates, fructose fermentation by colonic bacteria can 
result in H 

2
 , CO 

2
 , methane, and short chain fatty acids with 

resulting  fl atulence, bloating, and abdominal pain  [  38–  40  ] . 
Patients with IBS appear to have more symptoms, but not 
more malabsorption by breath testing, than normal controls 
 [  41  ] . Most importantly, withdrawal of fructose from the diet 
results in high rates of symptom resolution. Because of numer-
ous false positive and negative results, hydrogen breath testing 
has had limited usefulness. Hence diagnosis is often based 
upon history alone. 

 Sorbitol, another sugar found in fruit and a common 
sweetener used in “sugar-free” candy and other diet foods, is 
malabsorbed by 43% of Caucasians and 55% of non-Cauca-
sians and causes a similar clinical syndrome  [  42  ] . 

 The average amounts of malabsorbed complex carbohy-
drate per 100 g meal are 20 g for beans; 7–10 g for wheat, 
oats, potatoes, and corn; and 0.9% for rice  [  43  ] . The undi-
gestible oligosaccharides stachyose and raf fi nose are abun-
dant in beans and other legumes. Whole grains generate  fi ve 
times more hydrogen gas than re fi ned  fl ours. In the older 
population, radiation, chemotherapy, and transient viral 
infections can precipitate disaccharidase de fi ciency. 

  Flatulence  is the sum of gases which is produced 
throughout the intestinal tract. Although one focuses initially 
on the abundance of bacteria producing CO 

2
 , H 

2
 , and meth-

ane in the large bowel and by diet rich in fermentable sub-
strate,  fl atus also includes air that is swallowed; CO 

2
  formed 

in the upper intestine as a product of digestion; and gases 
which diffuse along their concentration gradient from the 
blood stream into the bowel lumen. This amount may be fur-
ther increased by conditions of excessive mucous secretion 
interfering with CO 

2
  and H 

2
  diffusion; bacterial overgrowth 

conditions; rapid small intestinal transit, as well as conditions 
of maldigestion and malabsorption, all leading to increased 
substrate availability for bacterial fermentation in the colon. 

 Although insuf fi cient data has been gathered regarding 
the “normal” volume and composition of  fl atus, an elegant 
study noted that the volume of gas expelled by volunteers 
may range from 200 to 2,400 mL/24 h  [  8  ] . Interestingly, 
there was no consistent relationship between  fl atus volume 
and dietary  fi ber volume, likely re fl ecting bacterial adapta-
tion to dietary intake. 

 With air passing through the intestine much more rapidly 
than liquids or solids, once introduced into the stomach, air 
can be passed as  fl atus in as little as 20–35 min, with post-
prandial  fl atus noticeable approximately 1 h after eating. The 
size of a single expulsion of gas varied from 25 to 100 mL, 
with hydrogen and CO 

2
  the predominant gases expelled, and 

a third of participants expelling methane  [  8,   44  ] . One third of 
expelled gas was unidenti fi ed, representing most likely the 
nitrogen of both swallowed air and diffusion throughout the 
intestinal tract. The average volume of  fl atus passage per 
hour is 100 mL, volume per 24 h 400–2,400 mL, and fewer 
than 25 times per day considered normal. Large volumes of 
 fl atus are expelled after a meal, illustrating both the greater 
interaction between substrate and bacteria after eating, and 
the impact of the well-known gastro-colic re fl ex. This 
explains why  fl atus production is decreased during sleep. 

 Although there is no good treatment for  fl atulence other 
than dietary manipulation, various remedies are suggested 
 [  45,   46  ] . Most interventions aimed at altering the normal 
colonic bacterial milieu with luminal antibiotics have not 
proved very successful in altering  fl atus production. A recent 
randomized double-blind study, however, has reported the 
value of rifaximin therapy for abdominal bloating and 
 fl atulence  [  47  ] . On the other hand,  fl atus volume, as well as 
degree of bloating, will improve by reducing the poorly 
digested disaccharides in the diet—lactose, fructose, and 
sorbitol. Similar bene fi ts can be seen with reductions in 
dietary soluble  fi ber: legumes (beans, peas, soybeans), 
onions, celery, carrots, cruciferous vegetables (kale, collard 
greens, cabbage, brussels sprouts, cauli fl ower, bok choy, rad-
ish, broccoli, arugula), raisins, apples, pears, grapes, and 
prune juice; and complex starches such as wheat and potato 
 [  45,   48  ] . Dietary modi fi cation for symptom amelioration, 
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however, must be balanced by the broad health bene fi ts of 
short-chain fatty acids, the major metabolic product of bacte-
rial fermentation in the colon. These bene fi ts include key 
roles in glucose and cholesterol regulation, colonocyte nutri-
tion and blood  fl ow, and gut immune function  [  49  ] . 

 In addition to being the fermentable substrates which 
yield H 

2
  and CO 

2
 , most of these gas-forming foods contain 

sulfur moieties. In the presence of sulfur-reducing bacteria, 
these sulfate-containing foods result in excessively odorifer-
ous  fl atus. Moreover, the sul fi de ion itself inhibits carbonic 
anhydrase enzymes, active transporters of CO 

2
  across lumi-

nal membranes, and its presence, therefore, contributes to 
increased  fl atus volume. Men produce more aromatic  fl atus 
than women, and the utility of activated charcoal-lined 
undergarments remains a matter of debate. 

 Finally, many types of colitidies, and parasitic diseases in 
particular, are associated with increased  fl atulence  [  50  ] . 
Clearly, these entities need to be considered and excluded.  

   Challenges Unique to the Elderly 

 In spite of our knowledge of de fi nitions, per se, of belching, 
bloating, and  fl atulence, patients group their complaints by 
saying “I am suffering from excessive gas or indigestion.” 
Good history taking, therefore, is essential in diagnosis and 
management. Do the elderly inherently have more belching, 
bloating, and passage of  fl atus than the younger population? 
Certain conditions associated with aging do result in increased 
intestinal gas. The condition of “lactase nonpersistence” is a 
well-known example of an age-related phenomenon, and in 
fact may affect certain populations well before old age. In the 
majority of settings, however, it is the non-gastrointestinal 
medical disorders, seen in the aged populations, which sec-
ondarily cause belching, bloating, and  fl atus. 

 Why might the elderly have more issues with belching? 
An older individual with ill- fi tting dentures might experience 
mouth pain, excessive salivation, and air swallowing. 
Geriatric patients are generally required to swallow more 
medications, and in doing so, signi fi cant quantities of air are 
swallowed as well. Further, for reasons of illness or dimin-
ished stamina, they may spend proportionately more time in 
the supine rather than the upright position, with two to three 
times more air swallowed in the supine position. More likely 
to have encountered serious illness, an elderly person post-
laryngectomy, for example, may utilize a devise that gener-
ates phonation by swallowing of air. 

 There are several reasons for a higher prevalence of bloat-
ing in the elderly. Constipation is far more common in the 
older population. Endocrine and neurologic diseases, medi-
cations, and poor nutrition are all contributory. Advised by 
physicians and media to take a daily soluble  fi ber product, 
this fermentable substrate is delivered to the large bowel, 

where H 
2
  and CO 

2
  are produced. If the patient is impacted, 

only bloating and discomfort result. 
 Bloating can be the result of both overproduction and 

defective transport of intestinal gas. Diabetes mellitus, more 
common in the old, is a disorder where both mechanisms are 
operational. Decreased mid-gut motility may cause stasis 
and bacterial overgrowth, with fermentation of substrate and 
gas production in the small intestine. At the same time, 
increased motility may result in the delivery of partially 
digested, malabsorbed substrate to bacteria in the colon. 
A host of factors, cumulative with age, can cause relative 
obstructive processes in the bowel, leading to bacterial over-
growth. Adhesions from surgery or radiation, strictures fol-
lowing diverticulitis, and malignancy are other examples. To 
manage constipation, many older adults will increase their 
ingestion of high  fi ber foods, and in so doing, become quite 
 fl atulent.  

   Treatment of Intestinal Gas 

  Non-pharmacologic therapy  is usually the appropriate  fi rst 
step in intervention. 

 Emotional factors and other underlying diseases should 
be identi fi ed and addressed. Habits and behavior patterns 
should be examined for possible contribution to symptoms 
(gum chewing, rapid eating “on the run,” consumption of 
large quantities of carbonated beverages or diet candies) with 
reevaluation after a period of abstinence. Diet must be thor-
oughly evaluated. To this end, it is helpful to have patients 
keep a daily record of what they are eating and when they are 
symptomatic. A trial of a targeted elimination diet can very 
quickly provide the diagnosis. Often, it is necessary to reduce 
lactose, fructose, complex carbohydrates, or fruits and veg-
etables in the diet. Malabsorption of complex carbohydrates 
is highly variable based on the food item  [  43  ] . Tables  33.1  
and  33.2  provide a list of lactose containing foods and non-
lactose sources of calcium. Small bowel gas propulsion may 
be impaired by lipids in IBS patients  [  51  ] , requiring lipids to 
be adjusted accordingly. Food preparation itself can affect 
digestion: soaking legumes increases oligosaccharide diges-
tion by signi fi cantly decreasing concentrations of raf fi nose 
and stachyose  [  52  ] . Refrigeration and reheating of starches 
decreases digestion;  fi ber and legumes in a meal can inter-
fere with starch digestion. Although the concepts are basic, 
the subtleties of diet manipulation require an individualized 
approach. Tables  33.3  and  33.4  provide a list of gas-produc-
ing foods and helpful hints in controlling gas production. 
Success is reached by trial, and with patience.     

  Pharmacological therapy  intervention often begins by 
examining the side effect pro fi le of medications taken for 
other conditions, eliminating unnecessary drugs, and decreas-
ing doses where possible. Attention must    be paid to pitfalls, 
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such as gluten-containing drugs in the celiac patient; bicar-
bonate-based, CO 

2
 -generating antacids in the bloated patient. 

 Probiotics can be used in a pulsed fashion for achlorhy-
dria, scleroderma, and blind loop syndromes, where SIBO 
may be ever present. Their use to alter micro fl ora and achieve 
control of pain and bloating in the IBS patient is being studied 
 [  53  ] . Antibiotics are bene fi cial in bacterial overgrowth and 
have addressed the prevalence of SIBO in IBS patients through 
symptom improvement with “antibiotic decontamination” 
 [  54,   55  ] . The antibiotic role in modi fi cation of small bowel 
and colonic micro fl ora in IBS is under investigation  [  56  ] . 

   Table 33.1    List of lactose-free foods   

 Dairy 
  Lactose-free milk 
  Nondairy creamers 
  Soy milk and rice milk 
   Yogurt containing live bacterial cultures may be well tolerated, as 

the cultures convert lactose into lactic acid a  
  Avoid yogurt without live cultures, milk, cheese, cream, butter, hot 
chocolate mixes, evaporated and condensed milks  

 Breads/starches 
  French and Italian breads 
  Saltines and whole grain crackers 
  Pasta and noodles 
  Rice, potatoes, and barley 

  Read labels: Avoid instant potato and rice mixes, prepared bread 
products made with milk, pancakes and waf fl es made with milk  

 Fats 
  Oils and shortening 
  Margarine 
  Many salad dressings 

  Read labels: Some margarines and salad dressings contain lactose. 
Avoid butter, cream cheese, and party dips  

 Fruits and vegetables 
  All fresh fruits and vegetables 
  Fruit and vegetable juices 

  Avoid creamed vegetables, batter-coated vegetables, fruit smoothies 
made with milk  

 Proteins 
  All meat,  fi sh, poultry, and eggs 
  Legumes, nuts, and seeds 
  Peanut butter 
  Soy and tofu products 

  Read labels: Processed meats, prepared casseroles may contain milk  
 Soups and sauces 
  Broth, bouillon, and consommé 

  Avoid chowders, cream soups ,  and gravies made with milk  
 Desserts 
  Angel food cake, sorbets, and jams/jellies 
  Any baked good prepared without milk, butter, or cheese 

  Avoid pudding, custard, ice cream, fudge ,  and chocolates  

   a Lactose maldigestion occurs on a continuum. Many medicines may 
contain small amounts of lactose that is clinically unimportant    
 Data adapted from   http://www.ehow.com      

   Table 33.2    Nondairy food sources of calcium   

 Nuts, including almonds and Brazil nuts 
 Broccoli, spinach, kale, rhubarb 
 Pinto beans 
 Tofu and other soy products 
 Canned salmon and sardines 
 Oranges 

   Table 33.3    Gas-producing foods   

 Foods which produce a normal amount of gas: 
  Meat,  fi sh, poultry, and eggs 
  All nuts 
   Vegetables: lettuce, peppers, tomatoes, zucchini, asparagus, 

avocado, olives, okra 
  Fruits: cantaloupe, pineapple, berries, grapes, stone fruits 
  Carbohydrates: white rice, chips, popcorn, graham crackers 
 Foods which produce a moderate amount of gas: 
  Vegetables: potatoes and eggplant 
  Fruits: citrus fruits, apples, and pears 
  Carbohydrates: pastries and bread 
 Major gas producers: 
   Root vegetables: onions, carrots, radishes, leeks, parsnips, celery, 

cucumbers, collard greens, bok choy, arugula 
  Legumes: beans, peas, lentils, soybeans 
  Fruit: bananas, dried fruit (raisins, prunes, apricots) 
  Carbohydrates: brown rice, pretzels, bagels, wheat germ, bran 

  Everyone tolerates foods differently: this list should serve as a guideline 
only    
 Foods high in  fi ber are usually major gas producers: they are important 
for healthy bowel function and should not be eliminated entirely  

   Table 33.4    Helpful tips for controlling gas   

 Avoid spicy foods and caffeine, both of which stimulate rapid transit 
 Avoid beer and other carbonated beverages 
 Soak dried beans overnight and rinse prior to cooking 
 Eat slowly and chew food thoroughly 
 Avoid talking and drinking while eating to prevent air swallowing 
 Eat smaller, more frequent meals; avoid overeating 
 Avoid drinking through straws, chewing gum, sucking hard candy 
and smoking 
 Maintain well- fi tting dentures 
 Avoid both constipation and excessive use of laxatives 
 Try to remain calm: anxiety causes air swallowing 
 Use Beano and lactase products when indicated 

  Data adapted from University of Michigan Health System MB  

http://www.ehow.com
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Recent attention has turned to rifaximin, a nonabsorbable 
bactericidal antibiotic providing targeted results without 
entering the systemic circulation. 

 Prokinetic agents such as metaclopramide and domperi-
done, both dopamine receptor antagonists, provide theoreti-
cal bene fi t in gastroparesis with generalized symptoms of 
nausea and bloating; however, their use is limited by irre-
versible extrapyramidal sequelae. Since the disappearance 
of cisapride from the prokinetic arena, a safe alternative is 
awaited. Neostigmine, a cholinesterase inhibitor used for 
myasthenia gravis, has short-term utility in the treatment of 
ileus. Its poor oral absorption and short duration of action, 
along with undesirable side effects in those with asthma, 
peptic ulcer disease, and bradycardia limit its utility. 
Prokinetic studies in functional bloating have demonstrated 
symptom improvement in the absence of decline in gas vol-
ume, suggesting that motor stimulation alters symptom per-
ception  [  57,   58  ] . 

 Anticholinergic, or ant-spasmodic, agents such as dicy-
clomine and glycopyrrolate are used to decrease bowel 
motility. In the elderly, however, their ef fi cacy is limited by a 
myriad of side effects such as drowsiness, blurred vision, 
confusion, orthostatic hypotension, urinary retention, and 
constipation. The drug class is contraindicated in narrow 
angle glaucoma. 

 Several categories of antidepressants—speci fi cally TCAs, 
SSRIs, and SNRIs—exert an anti-nociceptive effect on the 
efferent nerves of the intestine while generally decreasing bowel 
motility as well. As agents that address gut hypersensitivity, 
they have been a mainstay of treating IBS for many years. 

 Gas and bloating may be decreased by using pancreatic 
enzymes for both primary and secondary pancreatic 
insuf fi ciency states such as post-gastrectomy, short bowel 
syndrome, gastric bypass, and rapid transit states. Their 
demonstrated ef fi cacy in controlling symptoms in healthy 
subjects after a high fat meal is in some fashion analogous to 
rapid transit states  [  59  ] . Beta-galactosidases (lactase) are 
therapeutic in the setting of lactose intolerance, and alpha-
glycosidase (Beano), harvested from  Aspergillus niger , 
decreases the  fl atulence resulting from ingesting legumes, 
but not cruciferous vegetables and other poorly digestible 
 fi ber  [  60  ] . 

 Agents such as simethicone and charcoal have a minor 
role in decreasing the volume of gas present within the lumen 
of the intestine. 

  Key Points 

    Belching, bloating, and  fl atulence are ubiquitous, with the • 
pathogenesis involving a complex interplay of diet, bacte-
rial gut  fl ora, and basic metabolic pathways.  
  Belching occurs when air from a distended esophageal • 
body causes relaxation of the upper esophageal sphincter.  

  Belching can be supragastric or gastric.  • 
  Belched air is nearly atmospheric in composition.  • 
  Bloating is the subjective sensation of abdominal • 
distension.  
  Bloating may be the result of small intestinal bacterial • 
overgrowth (SIBO).  
  Flatulence is the sum of gases produced throughout the • 
intestinal tract. There is no good treatment for  fl atulence 
except dietary manipulation.  
  Therapeutic interventions should be focused  fi rst on • 
dietary modi fi cations. Pharmacologic modalities are 
imperfect, and untoward side effects are common.  
  Rifaximin therapy, activated charcoal, avoidance of lac-• 
tose and fructose-rich foods are strategies to be tried.  
  When treating quality of life issues such as  fl atulence or • 
bloating, caution and patience must be the cornerstone 
of care.          
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         Introduction    

 Constipation is a common syndrome in the geriatric age 
group in all settings, and often poses a management enigma; 
the disorder has been well reviewed in several position papers 
 [  1–  7  ] . The prevalence of constipation is signi fi cantly higher 
in the geriatric age group, compared to those younger, regard-
less of the methodology of data collection, self-reporting or 
use of the Rome criteria  [  8–  13  ] . The disorder is more com-
mon in older women than men  [  3  ] . It is more prevalent in 
nursing home residents compared to community adults  [  14  ] , 
a  fi nding perhaps relating to differences in comorbidity and 
medication use  [  15–  17  ] . 

 The direct Medicare costs for constipation are signi fi cant. 
In 2001, of 5.7 million ambulatory visits that carried a diag-
nosis of constipation, 2.7 million listed constipation as the 
primary diagnosis; of these >1.8 million were outpatients 
and >0.5 million were patients in the emergency department 
(ED)  [  18  ] . Of the total cost incurred at $235 million/year, 
55% was for inpatient care, 23% in the ED, and 16% involved 
outpatient visits to physicians  [  18  ] . The in-hospital constipa-

tion related complications such as intestinal obstruction, anal 
 fi ssures, impaction, volvulus, and stercoral ulcers entailed 
much Medicare and Medicaid costs  [  19  ] .  

   De fi nition 

 Because clinicians and patients differ in their views on 
constipation, consensus criteria have helped in de fi ning the 
diagnosis of constipation. Rome III criteria (Table  34.1 )  [  20  ]  
have standardized the de fi nition of functional constipation 
 [  14  ]  and help differentiate functional constipation from con-
stipation predominant irritable bowel syndrome.  

 Rather than a disease entity, constipation is a term that 
describe dif fi culties experienced by a patient in moving the 
bowels  [  21  ] . In practice, clinicians use the frequency of def-
ecation episodes, stool weight, colonic transit time, and ano-
rectal manometry as proxy measures for constipation  [  22  ] . 
Frequency of defecation fewer than three times per week is 
considered as constipation  [  23  ] ; however, this may be nor-
mal if it does not represent a deviation from baseline defeca-
tion practice and there is no associated discomfort  [  24  ] . 
Furthermore, patients often perceive constipation differently 
from the physician, with many de fi ning constipation as just 
the presence of hard stools, infrequent evacuation, excessive 
straining, a sense of incomplete evacuation, excessive time 
spent on the toilet, and unsuccessful evacuation  [  25  ] .  

   Relevant Age-Related Physiological Changes 

 The input of water into the gastrointestinal (GI) tract is about 
9.0 L/day  [  26  ] . About 1.5–2.0 L of water enter the colon, with 
only 100–200 mL in feces  [  26  ] ; higher water content makes 
stool softer  [  27  ] . Aging does not signi fi cantly reduce saliva 
production, pancreatic, and gastric juice secretion  [  28,   29  ] . 

 Colonic motility plays a role in formation of stool. Aging 
is associated with enteric neurodegeneration and signi fi cant 
decline in cell number and density throughout the GI tract 
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 [  30–  34  ] . Smooth muscle relaxation remains normal, but cho-
linergic neurons are reduced in number  [  32  ] . The functional 
consequence is delayed transit in the large bowel because 
there is less contraction with the bolus, leading to inef fi cient 
peristalsis  [  32,   35  ] . A study of extrinsic colonic nerves in 
rodents have shown a dramatic age-related degeneration of 
sympathetic motor neurons of the myenteric plexus and 
decline in colonic transit  [  36  ] , but there is paucity of data on 
age-related changes of the extrinsic innervation of the human 
colon, and regarding degenerative process of interstitial cells 
of Cajal (intestinal pace maker) as potential cause of consti-
pation with age  [  35  ] . 

 Gastric distension and chemical stimulation by nutrients 
can stimulate peristaltic contractions in the colon to propel 
material towards the rectum via a neural re fl ex arc, com-
monly termed the gastrocolic re fl ex  [  35  ] . The re fl ex also 
stimulates colonic motility. The ef fi ciency of gastrocolic 
re fl ex with age is not clear. 

 Endogenous opioids inhibit enteric nerve activity and 
inhibit both propulsive motor and secretory activities  [  37, 
  38  ] . Three major, distinct classes of opioid receptors are 
located in the enteric nervous system: delta, kappa, and mu 
 [  39,   40  ] . The enteric mu-opioid receptor is the principal 
mediator of opioid agonist effects on the GI tract  [  39  ] . 
When opioid agonists bind to these receptors, the release 
of excitatory and inhibitory neurotransmitters are inhib-
ited, interrupting coordinated rhythmic contractions 
required for intestinal motility, along with reduction in 
mucosal secretions  [  41  ] . 

 Aging in asymptomatic women is associated with reduced 
anal resting and squeeze pressures, reduced rectal compli-
ance, reduced rectal sensation, and perineal laxity  [  42  ] . 
Reduced rectal sensation may lead to stool impaction in the 
rectum  [  43  ] . In addition, sarcopenia of aging  [  44  ]  leads to 
weak abdominal musculature, which in turn decreases intra-
abdominal pressure during straining, creating dif fi culty in 
evacuation.  

   Pathogenesis 

 Motility and structural abnormalities are two factors contrib-
uting to pathogenesis of constipation. Motility abnormalities 
include colonic and pelvic  fl oor dysfunction. Colonic motor 
dysfunction is associated with dietary, medication, and dis-
ease factors  [  21  ] . Contributing diseases are listed in 
Table  34.2 . In Parkinson’s disease, constipation may be evi-
dent a mean 10 years (range 5 months to 19 years) prior to 
motor symptoms  [  45  ] . A complex neurohormonal mecha-
nism involving the dorsal vagal nucleus in the brain, vasoac-
tive intestinal peptide (VIP) and gut appear involved  [  46  ] .  

 Many medications lower colonic motility and are associ-
ated with constipation; a partial list is shown in Table  34.3 . 
Opioid-induced constipation occurs in 40% of patients on 
opioids, through interference with GI motility by delaying 
transit, stimulating nonpropulsive motility, segmentation and 
tone, and inhibition of colonic transit, intestinal, and colonic 
secretion  [  4  ] ; inhibition of acetylcholine release from the 
myenteric plexus and binding to opioid receptors in the intes-
tine decreases intestinal motility and  fl uid secretion  [  47,   48  ] . 
Drugs with anticholinergic effects decrease intestinal tone 
and motility  [  49  ] ; iron and calcium slow intestinal transit 

   Table 34.1    Rome III criteria for functional constipation  [  20  ]*    

 Must include two or more of the following: 
  Straining during at least 25% of defecations 
  Lumpy or hard stools in at least 25% of defecations 
  Sensation of incomplete evacuation for at least 25% of defecations 
   Sensation of anorectal obstruction/blockage for at least 25% of 

defecations 
   Manual maneuvers to facilitate at least 25% of defecations (e.g., 

digital evacuation, support of the pelvic  fl oor) 
  Fewer than three defecations per week 
 Loose stools are rarely present without the use of laxatives 
 There are insuf fi cient criteria for irritable bowel syndrome 

     *Diagnostic criteria ful fi lled for the last 3 months with symptom onset 
at least 6 months prior to diagnosis  

   Table 34.2       Common disorders with colonic dysfunction constipation 
 [  69,   158–  161  ]    

 Endocrine or metabolic disorders 
  Diabetes mellitus 
  Hypothyroidism 
  Hypercalcemia 
  Hypocalcemia 
  Hypokalemia 
  Hypermagnesemia 
  Hyperparathyroidism 
  Hypoparathyroidism 
 Neurological disorders 
  Parkinson’s disease 
  Cerebrovascular disease 
  Dementia 
  Spinal cord lesions 
  Autonomic neuropathy 
 Neoplasms with paraneoplastic syndromes 
  Small cell lung cancers 
  Pulmonary carcinoid 
 Musculoskeletal or connective tissue disorders 
  Amyloidosis 
  Dermatomyositis 
  Systemic sclerosis 
 Psychogenic disorders 
  Anxiety 
  Depression 
  Somatization 
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 [  50  ] ; dehydration may be the basis with furosemide  [  17  ] ; 
inhibition of prostaglandins occurs with ibuprofen (prosta-
glandin analogues cause diarrhea)  [  51  ] . With thalidomide, 
cisplatin, and vinca alkaloids, the mechanism is unclear  [  52  ] .  

 The term of idiopathic slow-transit constipation is a clini-
cal syndrome characterized by intractable constipation and 
delayed colonic transit  [  53  ] . The diagnosis is made after 
excluding colonic obstruction, metabolic disorders (e.g., 
hypothyroidism, hypercalcemia), drug-induced constipation, 
and pelvic  fl oor dysfunction  [  53  ] . The pathophysiology of 
ineffective colonic propulsion is incompletely understood, 
with potential mechanisms reduced colonic contractile 
response to a meal, fewer colonic high amplitude propagated 
contractions, and disturbed visceral perception  [  54,   55  ] . As 
the result of abnormal colonic activity, the bowel content 
remains in ascending or transverse colon, without advancing 
to the rectosigmoid colon. 

 Pelvic  fl oor dysfunction or disorders of the anorectum 
and pelvic  fl oor create outlet dysfunction and inability to 
adequately evacuate rectal contents  [  21  ] . Terms used to 
describe these disorders include anismus, pelvic  fl oor dys-
synergia, paradoxical pelvic  fl oor contraction, obstructed 
defecation, and functional rectosigmoid obstruction  [  56  ] . 
Pelvic  fl oor dysfunction is most commonly due to dysfunc-
tion of the pelvic  fl oor muscles or anal sphincters  [  57  ] . In 
the majority, it results from faulty toilet habits, painful def-
ecation, obstetric or back injury, and brain-gut dysfunction 
 [  58,   59  ] . These patients are unable to coordinate abdominal, 

rectoanal, and pelvic  fl oor muscle during defecation  [  60, 
  61  ] . This failure of rectoanal coordination may be impaired 
rectal contraction (61%), paradoxical anal contraction 
(78%), or inadequate anal relaxation  [  59  ] . Thus, incoordina-
tion or dyssynergia of involved muscles is primarily respon-
sible  [  59  ] . Further, up to half the patients may have rectal 
hyposensitivity  [  60,   62  ] . 

 Structural abnormalities causing constipation include 
nonobstructive and obstructive lesions. Anal  fi ssure, a cut or 
split in the epithelial lining of the anal canal distal to the 
dentate line, is a nonobstructive cause of constipation. Anal 
 fi ssure creates tearing pain and spasms with defecation for 
hours after defecation  [  63,   64  ] . The pain results in fear of the 
defection process, resulting in constipation and even fecal 
impaction. Other painful anorectal lesions include abscess, 
hemorrhoids, proctalgia fugax,  fi stula, and levator ani syn-
drome  [  65  ] . Rectal prolapse, rectocele, and prolapsed hem-
orrhoids create obstructed defecation syndrome  [  66,   67  ] . 
With colon cancer, the location and depth of lesions deter-
mine the presentation of obstructive symptoms; the sites for 
greatest risk for obstruction are the splenic  fl exure and 
descending colon  [  68  ] . Patients with obstructed defecation 
have a signi fi cant reduction in the amplitude of propagating 
pressure waves throughout the entire colon  [  21  ] . 

 Risk factors implicated in pathogenesis include aging, 
depression, inactivity, low caloric intake, low income, low 
education, number of medications taken (independent of 
adverse effect pro fi le), physical and sexual abuse, and female 
gender  [  1  ] .  

   Evaluation 

   History 

 A thorough medical history helps in identifying the etiology 
and in management of constipation. History should elicit the 
patient’s perceptions of normal bowel habits; onset and dura-
tion of symptoms; defecation frequency; color, size, and vol-
ume of stool; rectal bleeding or pain; weight loss; straining 
with passage of stool; abdominal pain or bloating; fecal soil-
ing or diarrhea; and need for digital manipulation during def-
ecation  [  69  ] . In addition, older adults should be encouraged 
to describe ability to sense complete evacuation, stool size 
using the Bristol Stool Scale, and provide information about 
their cultural beliefs and expectations  [  70  ] . Stool diaries and 
questionnaires help explore the bowel movement history, 
and minimize patient embarrassment  [  22,   71  ] . 

 Patient perception of normal bowel habits is a relevant 
initial question. Among persons without apparent GI motil-
ity disorders and not on relevant medications, 98% had fre-
quency of movement between three stools per day and three 
per week  [  23  ] . Using Rome criteria, those with fewer than 

   Table 34.3    Medications associated with constipation  [  17,   49,   52,   69, 
  162–  167  ]    

 Aluminum antacids 
 Anticholinergics 
 Anticonvulsants 
 Anti histamine-1 receptor antagonist 
 Antiparkinsonian drugs 
 Antipsychotics 
 Antispasmodics 
 Beta-adrenergic blockers 
 Calcium channel blockers 
 Calcium supplements 
 Cisplatin 
 Clonidine 
 Disopyramide 
 Diuretics 
 Fiber (with inadequate  fl uid intake) 
 Furosemide 
 Iron supplements 
 Nonsteroidal anti-in fl ammatory drugs 
 Opioid analgesics 
 Selective serotonin reuptake inhibitors 
 Sucralfate 
 Tricyclic antidepressants 
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three bowel movements per week may not have constipation 
if there is no straining, lumpy or hard stool, or sensation of 
incomplete evacuation. Some degree of urgency, straining, 
and incomplete evacuation should be considered normal 
 [  23  ] . Excessive straining, feeling of incomplete evacuation, 
and abdominal bloating were reported by the majority with 
dyssynergic defecation  [  71  ] . 

 Onset and duration of symptoms determine the chronicity 
in relation to etiologies and complications. Recent alarm 
symptoms like rectal bleeding, anemia, guaiac-positive stool 
or mass in the abdomen are red  fl ags prompting enquiry to 
exclude organic illness and neoplastic disease; recurring 
problems of a long duration, poorly relieved with dietary 
measures or laxatives suggest a functional colorectal disor-
der  [  70  ] . About 45% of patients with functional constipation 
report abdominal pain  [  72  ] . 

 Stool form is commonly recorded by using Bristol stool 
chart  [  73  ]  (Fig.  34.1 ). In clinical practice, stool form and fre-
quency are often used as surrogate markers of intestinal and 
colonic transit  [  74  ] . Stool form and shape correlates better 

than stool frequency with whole-gut transit time  [  73–  75  ] . 
Furthermore, fecal incontinence in older adults may be a 
presenting feature of severe constipation  [  76  ] .  

 Careful attention must be paid to the identi fi cation of pre-
scriptions and over-the-counter preparations (Table  34.3 ). In 
general, older adults use opioids for cancer related or back 
pain  [  77  ] , and many develop constipation  [  78  ] . 

 Lifestyle, especially diet and physical activity, are 
associated with bowel movements. A food diary helps assess 
 fi ber and  fl uid intake, frequency of meals, and nutrient con-
tent  [  70  ] . Dif fi culties with chewing, swallowing, diet, and 
mobility are common in the old  [  69  ] . In addition, screening 
for cognitive function, depression, anxiety, and systemic 
diseases may uncover contributing factors  [  69  ] .  

   Physical Examination 

 Physical examination should be focused towards systemic 
diseases associating with constipation. Neurological exami-
nation uncovers common disorders such as spinal cord 
lesions, prior stroke, and Parkinson’s disease. Poor dentition 
or oral lesions should be identi fi ed  [  69  ] . Gait and mobility 
are assessed as older adults may require help for bowel 
movements. 

 Abdominal examination evaluates distention, presence or 
absence of mass, and bowel sounds. Intestinal dilatation 
above an obstruction, with no peristalsis below the obstruc-
tion suggests fecal impaction (Schlange’s sign)  [  79  ] . A mass 
in the left lower quadrant suggests a colonic lesion or stool in 
the left colon  [  70,   79  ] . Discomfort in the left lower quadrant 
on palpation suggests constipation or diverticular disease 
 [  79  ] . Pelvic examination in women detects internal prolapse 
or rectocele. 

 An adequate perianal and digital rectal examination may 
be the most revealing part of clinical evaluation and dictates 
subsequent investigation  [  64,   70,   80  ] . Digital rectal exam is 
reliable in detecting normal, but not abnormal, sphincter tone 
 [  80  ] . A simple 10-step approach on performing a rectal 
examination has been well outlined by Talley  [  64  ] ; the basics 
are provided in Table  34.4 .   

   Diagnostic Tests 

 After the history and examination, several tests may be con-
sidered; the basics include a complete blood cell count, 
serum glucose, creatinine and calcium, primarily to serve a 
screening function  [  6  ] . Hypothyroidism is a rare cause; we 
believe thyroid function testing is useful in the initial evalu-
ation of constipation. In chronically constipated patients 
without alarm symptoms or signs, there is inadequate data to 
make recommendations for routine blood or other diagnostic 

  Fig. 34.1    Bristol stool chart (reproduced with kind permission from: 
   Olsen AE, Drewes AM. Validated tools for evaulating opioid-induced 
bowel dysfunction. Adv Ther. 2011;28(4):279–94       
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tests including  fl exible sigmoidoscopy, colonoscopy, and 
barium enema  [  2,   81  ] . Diagnostic studies are indicated in 
patients with alarm symptoms and signs  [  2  ] . Plain abdominal 
radiography is often helpful, although controversial  [  69,   82  ] . 
Figure  34.2  illustrates the diagnostic landmarks of an 
abdominal radiograph in a patient with constipation  [  83  ] . 
Routine screening colonoscopy is recommended for all 
patients with chronic, uncomplicated constipation in the 
over-50-year olds who have not undergone screening for col-
orectal cancer  [  2,   6  ] . Abdominal sonogram or computed 
tomography scan of abdomen is indicated when a space 
occupying lesion is suspected  [  83  ] .  

 Specialized tests of colonic transit or pelvic  fl oor function 
are considered only with severe, intractable constipation 
with no secondary cause apparent and in whom an adequate 
trial of high- fi ber diet and laxatives is unsuccessful  [  69  ] . In 
older patients with a defecatory disorder, anorectal manom-
etry and balloon expulsion tests are considered only if they 
will affect management decisions  [  69  ] . 

 Transit studies enable a distinction between patients with 
slow and normal colonic transit times. Presently, colonic tran-
sit studies can be performed at every unit with X-ray or 
 fl uoroscopy equipment and require a short time at relatively 
low cost. They can be preliminary means to evaluate constipa-
tion, although over half of those with dyssynergic defecation 
have excessive retention of markers. The radio-opaque marker 
test is performed by administering a single capsule containing 
24 plastic markers on day 1 and by obtaining plain abdominal 
radiographs on day 6 (120 h later)  [  70  ] . Retention of at least 
20% of markers (more than six markers) on day 6 (120 h) is 
considered abnormal and is indicative of Slow-Transit 
Constipation  [  70  ] . The median colonic transit time is 1.5 (1.0–
3.7) days for women, and 1.3 (0.8–1.9) days for men  [  84  ] . 

 Other modalities for colonic transit study are colonic tran-
sit scintigraphy and the wireless motility capsule. Colonic 
transit scintigraphy is a noninvasive and quantitative method 
of evaluation of total and regional colonic transit by using an 
isotope ( 111 In or  99 Tc)  [  70  ] . Recently, a wireless motility cap-
sule has been found useful and safe in the elderly  [  14  ] . 

 Sixty percent of patients with dyssynergic defecation have 
abnormal radio-opaque marker test with excessive retention 
of markers  [  60  ] . It is important to exclude dyssynergic defe-
cation before making a diagnosis of slow-transit constipation 
 [  85,   86  ] . In older adults, the presence of dyssynergic defeca-
tion can be detected by anorectal manometry and balloon 
expulsion tests. Anorectal manometry is performed by insert-
ing pressure sensitive catheters to provide an assessment of 
pressure activity in the anorectum and to provide compre-
hensive information regarding rectal sensation, rectoanal 
re fl exes, and anal sphincter function, at rest and during 

   Table 34.4    The basics of rectal examination  [  64,   79,   168  ]    

 Prepare the patient by providing an understanding of the procedure and reasons to undergo the examination 
 The left lateral decubitus position is most suitable, with the knees pulled up  [  79  ]  
 Inspect the perineum; request the patient to strain; observe the perianal region for warts, fecal soiling, prolapsed hemorrhoids, or  fi stulae  [  168  ]  
 The anal wink is tested by stroking a cotton swab around the anus: its absence indicates disrupted sacral nerve pathways 
 Digital examination using lubrication: check anal sphincter pressure; pain on examination may indicate anal  fi ssure, in fl amed hemorrhoids, or 
ischio-rectal abscess; palpate the rectal walls to assess the prostate in men and cervix in women; the examination helps exclude a rectal mass and 
impacted stool 
 The  fi nger in the rectum gauges resting tone of the internal anal sphincter, which correlates with absent, decreased or normal resting, and 
squeeze pressures  [  168  ]  
 Evaluate for pelvic  fl oor dysfunction by asking the patient to strain. Normally, the anal sphincter and puborectalis relax, with the perineum 
descending by 1–3.5 cm. Absence of a descent along with tight muscles supports the diagnosis of paradoxical external anal sphincter and 
puborectalis contraction (pelvic  fl oor dysfunction or dyssynergia) 
 Examine the gloved  fi nger for features of the stool and blood, mucus or pus 

  Modi fi ed from  [  64  ]   

  Fig. 34.2    Diagnostic landmarks on abdominal radiograph in patient 
with constipation       
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defecatory maneuvers  [  87–  89  ] . Normally when healthy 
subjects attempt to defecate they generate an adequate pro-
pulsive force synchronized with relaxation of the puborecta-
lis and the external anal sphincter. The inability to perform 
this coordinated maneuver represents the chief pathophysio-
logical abnormality in dyssynergic defecation  [  60,   86  ] . 

 The balloon expulsion test is a simple, physiologic 
assessment of simulated defecation dynamics, by assessing 
a participant’s ability to expel an arti fi cial stool and is often 
conducted together with anorectal manometry  [  90  ] . This test 
is performed by inserting an empty 10-cm-long latex con-
dom covered with lubricating jelly and tied to a catheter into 
the rectum of a patient lying in the left lateral position  [  91  ] . 
Water at a temperature of 36°C is instilled into the balloon 
through the catheter with a 60-mL syringe. The total volume 
introduced is the minimum to induce a sustained desire to 
defecate  [  91  ] . Patients are asked to sit on a toilet and expel 
the balloon. Asymptomatic persons can expel the balloon in 
a median 50 s (range 10–90 s), and always within 5 min  [  90  ] . 
In a large study, the balloon expulsion test had a sensitivity 
of 88%, positive predictive value of 64% for diagnosing pel-
vic  fl oor dysfunction; the speci fi city was 89%, with a nega-
tive predictive value of 97% for excluding pelvic  fl oor 
dysfunction, suggesting that this may be a useful screening 
test for dyssynergic defecation  [  91  ] . Although the failure to 
expel a balloon strongly suggests dyssynergic defecation, a 
normal test does not exclude this possibility  [  90  ] . 

 Defecography or pelvic magnetic resonance imaging is 
indicated if the results of anal manometry or balloon expul-
sion tests are equivocal, or if there is a clinical suspicion of a 
structural rectal abnormality that hinders defecation  [  89,   92  ] . 
Defecography involves  fi lling the rectum with contrast media 
and observing the act of defecation with  fl uoroscopy or mag-
netic resonance imaging. Currently, magnetic resonance 
imaging is the only imaging modality that simultaneously 
can evaluate global pelvic  fl oor anatomy and dynamic motion 
 [  93  ] . Magnetic resonance imaging defecography of the pel-
vic  fl oor may detect rectoceles, cystoceles, enteroceles, 
intussusceptions, a dyskinetic puborectalis muscle (in males), 
changes in the anorectal angle, presence of paradoxical 
sphincter contraction, and additional pelvic  fl oor abnormali-
ties  [  94,   95  ] . A study showed that the sensitivity of magnetic 
resonance defecography for the diagnosis of dyssynergic 
defecation is 100%, but with a speci fi city of only 23%  [  94  ] . 
At this time, limitations of MRI defecography include its 
high cost, lack of standardization, and availability  [  96  ] .   

   Management 

 Prevention of constipation involves primarily life style mea-
sures, with medications utilized when nonpharmacological 
approaches fail. The prophylactic use of stool softeners and/

or laxatives is appropriate, however, in patients on opioids 
 [  4,   97  ] . The goals of treatment of constipation are to relieve 
symptoms, to restore normal bowel habits (i.e., passage of 
soft, formed stools at least thrice weekly without straining, 
and to improve quality of life)  [  69  ] . The management strategy 
includes life style modi fi cation, the use of  fi ber, pharmaco-
logic measures, and miscellaneous modalities such as surgery. 
Nonpharmacologic approaches are outlined in Table  34.5 .  

   Lifestyle Modi fi cation 

   Bowel Training and Education 
 Regular habits go a long way in the management of consti-
pation. Bowel evacuation is best attempted at a regular time 
daily. Utility of the gastrocolic re fl ex is recommended, typi-
cally between 5 and 30 min after breakfast, or consumption 
of warm liquids  [  83  ] . Sitting position on toilet must be opti-
mal for defecation. The older person should be educated to 
sit on the toilet seat with legs apart, and lean forward with 

   Table 34.5    Nonpharmacological management  [  69,   83,   97,   98,   101, 
  103,   105  ]    

 Counseling 
   On the range of variations in bowel habits accepted as normal 
  On the need for regular bowel habits 
 Diet 
  Adequate meals, including recommended  fi ber content 
  Adequate  fl uids daily 
  Prune juice or prunes may be a helpful measure 
 Habits 
   Scheduled toileting around the same time daily, responding to the 

natural urge to defecate 
   Utilization of gastrocolic re fl ex 15–20 min prior to scheduled 

toileting 
  Optimal sitting position on toilet during defecation 
  Avoid distractions (such as reading) while defecating 
 Fluids 
   Encourage adequate  fl uid consumption especially with  fi ber intake 

or when at risk for dehydration 
 Activity 
   Mild or moderate physical activity daily, ideally 30–60 min after a 

meal 
 Medications 
   Review medications regularly; be aware of adverse drug effects 

involving the GI tract and interactions 
   Revise drug regimens or limit use of those that predispose to 

constipation 
  Special caution required for patients initiated on opioids 
  Discourage routine and excessive use of laxatives 
 Fiber 
  Encourage intake of fresh vegetables and fruits daily 
   Utilize  fi ber rich food with a combination of soluble and insoluble 

 fi ber regularly 
   Commercial  fi ber formulas are an option when dietary  fi ber intake is 

inadequate 
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elbows  [  98  ] . Sensation of satisfactory bowel emptying in 
sitting defecation posture necessitates excessive expulsive 
effort compared to the squatting posture  [  99  ] . Bed-bound 
older adults may experience position related pelvic dyssyn-
ergia and dif fi culty in evacuating stool  [  100  ] . Prolonged 
straining is discouraged, as is a distractive behavior such as 
reading, while attempting to defecate  [  83,   101  ] .  

   Exercise and Diet 
 Low physical activity is a risk factor for constipation  [  102  ] . 
It is hence logical to include physical training as a treatment 
measure; multicomponent interventions, including exercise 
in older nursing home residents signi fi cantly increased bowel 
movements  [  103  ] . Where possible, walking is the ideal exer-
cise in older adults, for 30 min most days a week; abdominal 
and pelvic  fl oor exercises may be additive in effect  [  97  ] . The 
effect of exercise on bowel transit time is probably through 
stimulation of colonic transit  [  104  ] . 

 A minimum of 1.5 L of  fl uid daily, perhaps more, is rec-
ommended especially with high  fi ber intake  [  105  ] ; in dehy-
drated, febrile states, heavy exertion, excessively hot weather, 
and for frequent  fl yer seniors, before long-distance air  fl ights 
large quantities of  fl uid intake are essential  [  106  ] . However, 
in the healthy, encouraging  fl uids above usual recommenda-
tions do not serve additional bene fi t to relieve constipation 
 [  107  ] . Caffeinated beverages (coffee, tea, colas) are not con-
sidered as part of this quota of  fl uid consumption  [  83  ] . Even 
so, it is worth emphasizing that the preached trio of diet 
( fi ber),  fl uid intake and exercise is not supported adequately 
by science and awaits more data  [  108  ] .  

   Fiber 
 A low  fi ber diet should not be assumed to be the cause of 
constipation. In general, dietary  fi ber plays a role in manage-
ment of constipation by increasing stool mass, decreasing 
intestinal transit time, and increasing GI motility  [  109,   110  ] . 
Based on an average from several studies, bulk laxatives or 
 fi ber increase bowel movement frequency by an overall 
weighted average of 1.4 bowel movements/week  [  111  ] . Fiber 
and bulk laxatives decreased abdominal pain and improved 
stool consistency compared with placebo  [  111  ] . However, 
many patients with slow colonic transit and dyssynergic def-
ecation do not respond well to dietary  fi ber intake of 30 g/
day  [  112  ] . In contrast, most constipated patients without an 
underlying motility disorder improve or became symptom 
free with this amount of supplemental  fi ber  [  112  ] . A system-
atic review, which included six RCTs suggested the bene fi ts 
of soluble  fi ber in chronic idiopathic constipation, while data 
for insoluble  fi ber was con fl icting  [  113  ] . 

 Dietary Reference Intakes recommend consumption of 
14 g dietary  fi ber/1,000 kcal, or 25 g for adult women, and 
38 g for adult men, preferably as dietary form, with adequate 
water  [  114  ] , with gradual increase in foods rich in residual 

 fi ber  [  69  ] . A recent RCT demonstrated dried plums (prunes) 
to be more effective than psyllium in the management of mild 
to moderate constipation  [  115  ] . Dietary  fi ber is discussed in 
chapter 21. 

 The effect of increasing dietary  fi ber is not immediate; 
patients should observe a gradual increase in bowel move-
ment frequency over weeks. Bloating and  fl atulence may be 
an adverse effect, but usually resolve with continued use. To 
minimize this problem,  fi ber supplementation is commenced 
in small doses of 5–10 g/day and gradually titrated to the full 
dose of 20–35 g/day  [  83,   114  ] . Fecal impaction should be 
treated before increasing dietary  fi ber  [  69  ] . Fiber supplemen-
tation should be avoided in patients with idiopathic megaco-
lon, megarectum or bowel obstruction, and in the hospitalized 
ill; these patients require a  fi ber-restricted diet with laxatives 
or enemas to prevent fecal retention and impaction  [  116  ] . 
Fiber supplements interfere with drug absorption and hence 
are best not administered with medications.  

   Pharmacotherapy of Constipation 
 Unfortunately, prescribing of medications increasingly 
has replaced nonpharmacological therapies for outpatient 
treatment of constipation in the U.S., with hyperosmolars 
used most frequently and increasingly  [  117  ] . Examples, 
mechanism of actions, and side effects of available phar-
macological agents are listed in Table  34.6 . Lactulose, 
sorbitol, senna compound, and bisacodyl may be the ini-
tial choice in older adults  [  14  ] , with polyethylene glycol 
(PEG) an option for the unresponsive  [  14,   118  ] . Newer 
agents are a consideration when conventional laxatives are 
ineffective. In general, the effectiveness of treatment 
remained similar when RCTs at low risk of bias were ana-
lyzed  [  119  ] , but modes of action differ. Costs of laxatives 
vary; senna and bisacodyl are least expensive, while lactu-
lose and polyethylene glycol incur costs. High-quality tri-
als are needed in the old to make de fi nitive recommendations; 
an individualized approach is suggested with regard to 
laxative therapies  [  120  ] .  

   Stool Softeners and Emollients 
 Data on the effectiveness of stool softeners in chronic con-
stipation are limited. A study on 170 patients revealed that 
docusate was less effective than psyllium, a bulk laxative, 
in increasing stool water content and overall laxative 
ef fi cacy  [  121  ] . 

 Similar to stool softeners, there is insuf fi cient evidence 
for the use of paraf fi n oil, also known as mineral oil, to treat 
chronic constipation  [  122  ] . Mineral oil decreases water 
absorption and softens the stool, thereby allowing easier 
passage  [  123  ] . It is no longer recommended in the old, as it 
may cause anal seepage, reduces absorption of fat-soluble 
vitamins, and predisposes to aspiration lipoid pneumonia 
 [  123,   124  ] .  
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   Bulk Laxatives 
 Bulk laxatives may help manifestations, such as abdominal 
pain, defecation effort, and painful defecation  [  122  ] . Bulk 
laxatives are most effective in normal transit constipation; 
the majority of patients with slow-transit constipation or 
disordered defecation will have a poor response  [  112  ] . Effect 
takes several days  [  69  ] . Bulk laxatives must not be prescribed 
unless  fi ber cannot be increased in diet  [  69,   125  ] . The 
American College of Gastroenterology Chronic Constipation 
Task Force (ACG-CCTF) found that psyllium was the only 
bulking agent with suf fi cient data for an evidence-based rec-
ommendation  [  2  ] . The frail old should maintain adequate 
 fl uid intake while on bulk laxatives to avoid worsening 

constipation due to mechanical obstruction. Compared to 
natural  fi ber, synthetic compounds undergo less bacterial 
fermentation and cause less bloating and  fl atulence  [  97  ] .  

   Saline Laxatives 
 Saline laxatives are not recommended for treatment of 
chronic constipation as data are inadequate for these agents 
in any age. Magnesium, sodium, and phosphate containing 
laxatives are usually well tolerated, but are risky in the pres-
ence of renal and cardiac disease, both common in the old. 
Excessive absorption of sodium, phosphorus, or magnesium 
may lead to electrolyte and volume overload; saline laxatives 
cause dehydration when excessively used  [  126  ] .  

   Table 34.6    Pharmacological management  [  2,   69,   83,   118,   123,   169,   170  ]    

 Bulk forming laxatives 
  Examples 
  Actions 

  Dose 

  Adverse effects 

 Psyllium (natural  fi ber), methylcellulose (modi fi ed cellulose), calcium polycarbophil (synthetic) 
 Increase water content and stool bulk, with better stool consistency. In the colon, they are fermented by bacteria to 
produce short chain fatty acids that increase luminal osmolarity and water retention, potentiating laxative effect 
 Psyllium: start 3.4 g PO daily, increase dose gradually to 3.4 g PO three times a day 
 Methylcellulose: 1 g PO daily, increase gradually to three times a day 
 Bloating,  fl atulence, and abdominal discomfort; fecal impaction with inadequate  fl uid intake. Esophageal obstruction in 
those with dysphagia 

 Stool softeners 
  Examples 
  Actions 

  Dose 

  Adverse effects 

 Docusate, mineral oil 
 Softens the stool as a surfactant and causes stool wetting 
 Mineral oil acts as an emollient 
 Docusate: 100–600 mg PO daily, divided into 1–3 doses 
 Mineral oil: 15–45 mL/day PO divided into 1–2 doses daily or 118 mL/rectal daily PRN 
 Mineral oil causes lipid pneumonia, malabsorption of fat soluble vitamins, anal seepage. Docusate may impair liver 
function 

 Saline laxatives 
  Examples 
  Actions 

  Dose 
  Adverse effects 

 Magnesium salts, sodium phosphate, sodium sulfate 
 Through osmotically mediated water retention and stimulation of peristalsis. Magnesium salts release cholecystokinin and 
activate constitutive nitric oxide synthase causing  fl uid secretion 
 Magnesium citrate: 8.725–17.45 g/day PO divided into 1–2 doses 
 Magnesium salts cause hypermagnesemia, especially impaired renal function. Sodium phosphate causes hypocalcemia, 
hyperphosphatemia, hypernatremia. Sodium and potassium losses may result via stool 

 Osmotic laxatives 
  Examples 
  Action 

  Dose 

  Adverse effects 

 Lactulose, sorbitol, polyethylene glycol, glycerin rectal suppository 
 Neither digested nor absorbed in the small intestine; act through osmotic properties. Lactulose is broken down by bacteria 
in the colon to lactic and acetic acids to lower colonic pH, favoring formation of less absorbable NH  

4
  +   from NH 

3
 , 

effectively trapping ammonia in the colon 
 Lactulose: 10–20 g PO daily, 1–2/day, maximum 60 g/day 
 Polyethylene glycol (PEG) 3350: 17 g (1 capful) PO daily PRN; need to dissolve in 4–8 oz of liquid 
 Glycerin: 5.6 g (1 unit) rectal suppository daily PRN 
 Lactulose and sorbitol cause  fl atulence, abdominal cramps, and diarrhea 

 Stimulant laxatives 
  Examples 
  Action 

  Dose 

  Adverse effects 

 Bisacodyl, anthraquinone derivatives (senna, cascara) 
 Stimulate intestinal motility and reduce absorption of water and electrolytes in the colon. Anthraquinone becomes active 
on being metabolized by colonic bacteria 
 Bisacodyl: 5–15 mg PO daily, oral or suppository. Maximum 30 mg/day 
 Senna: 17.2–34.4 mg PO at night PRN 
 Bisacodyl causes rectal irritation, abdominal cramps, and colitis. Anthraquinones may cause melanosis coli and urine 
discoloration 
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   Stimulant Laxatives 
 In general, stimulant laxatives do not produce electrolyte dis-
turbance when used in appropriate dosage  [  127  ] . The devel-
opment of tolerance to stimulant laxatives may occur in slow 
colonic transit  [  128  ] . Sodium picosulphate should be used 
with caution in those with renal impairment or cardiac fail-
ure, for fear of electrolyte disturbance  [  123  ] . Castor oil 
should no longer be used as it causes signi fi cant abdominal 
cramping and nutrient malabsorption  [  122,   129  ] . However, 
recent study involving institutionalized older individuals 
with chronic constipation showed application of topical cas-
tor oil to abdominal wall (castor oil pack) helped fecal con-
sistency, and minimized straining and incomplete evacuation 
 [  130  ] . Oral bisacodyl is typically administered at bedtime 
because its time of onset is about 6 h later, in the morning; on 
the contrary, the suppository bisacodyl acts within 30–60 min 
 [  83  ] . Phenolphthalein, no longer marketed in the United 
States, has been associated with  fi xed-drug eruption, protein-
losing enteropathy, Stevens–Johnson syndrome, lupus reac-
tions, and possible carcinogenicity  [  131,   132  ] .  

   Osmotic Laxatives 
 High-molecular-weight PEG is a large polymer with sub-
stantial osmotic activity that obligates intraluminal water 
 [  133  ] . There are several types of PEG, including polyethyl-
ene glycol electrolyte lavage solution (PEG-ELS), sulfate-
free electrolyte lavage solution (SF-ELS), and PEG 3350 
(MiraLax, Braintree Laboratories, Braintree, MA)  [  118  ] . 
PEG-ELS and SF-ELS, commonly used for preparation 
prior to colonoscopy, reach a steady-state equilibrium when 
given in large volumes at high infusion rates (1.5 L/h) and 
pass through the GI tract with no net water or electrolyte 
absorption or secretion  [  134  ] . This may not necessarily be 
the case when they are given in small amounts or ingested 
at slow rates  [  118  ] . PEG-ELS is also effective for fecal 
impaction at a dose of 100 g in 1 L of water/day for up to 3 
days  [  135  ] ; however, manual fragmentation and extraction 
of impacted stool is required prior to use of oral laxatives 
 [  136  ] . PEG 3350 laxative is a chemically inert polymer that 
does not contain absorbable salts. For overnight treatment 
of constipation, 68 g of PEG 3350 provided reliable and 
safe relief within 24 h  [  137  ] , without incontinence, cramps, 
diarrhea, or changes in electrolytes or serum osmolality. 
Lactulose, sorbitol, manitol and glycerin are poorly 
absorbed sugars with osmotic action. Recent meta-analysis 
revealed PEG to be better than lactulose in outcomes of 
stool frequency per week, form of stool, relief of abdomi-
nal pain, and the need for additional products  [  138  ] . 
Glycerin is signi fi cantly absorbed in the small bowel to 
prevent its regular use to treat chronic constipation  [  118  ] . 
Those who are lactose intolerant may simply adjust their 
consumption of lactose-containing foods to regulate their 
bowel habits  [  118  ] .  

   Enemas 
 Enemas play an important role in the management and pre-
vention of fecal impaction in those at risk  [  136  ] . Lubricant 
suppositories (glycerin) can help to initiate defecation in 
fecal impaction. In a study, administration of daily lactulose 
with a glycerin suppository and a once-weekly tap water 
enema achieved complete rectal emptying and prevented 
incontinence related to impaction in institutionalized older 
patients  [  139  ] . Phosphate enemas should be used with 
 caution in patients with impaired renal dysfunction and pre-
existing electrolyte imbalance  [  122,   140,   141  ] . Soap sud 
enemas are best avoided as they cause irritation and possible 
severe colitis  [  122,   142  ] .  

   Prokinetic Agents 
 Tegaserod has been removed from the market because of its 
association with risk of cardiovascular events  [  143  ] . High-
quality data are lacking for support of the use of misoprostol 
in constipation  [  2  ] .  

   Newer Agents 
 Lubiprostone, compared to placebo, has consistently 
increased complete and spontaneous bowel movements per 
week, as well as improved stool consistency, straining, con-
stipation severity, and patient-reported treatment effective-
ness  [  144  ] . 

 Prucalopride, unlike other drugs in its class, such as tega-
serod, mosapride, and renzapride, has a lower af fi nity for the 
human Ether-a-go-go Related Gene (hERG) protein  [  145  ] . It 
is believed that the effects on the hERG channel may have 
led to the unfavorable cardiovascular pro fi le seen with tegas-
erod. In a RCT involving 84 elderly nursing home residents 
with chronic constipation, 2 mg prucalopride once daily for 
4 weeks was safe and well tolerated  [  146  ] . 

 Linaclotide, another new agent, increases spontaneous 
bowel movements and is effective in improving secondary end-
points, such as stool consistency, straining, abdominal discom-
fort, bloating, global assessments, and quality of life  [  147  ] . 

 Colchicine, a medication used for treatment of gout, is 
known to induce diarrhea in higher doses. In slow-transit 
constipation, colchicine in a dose of 1 mg daily effectively 
reduces symptoms of constipation  [  45  ] . 

 Prolonged release formulations containing naloxone (less 
specifi c than the opiate antagonist widely distributed), and a 
newer class of peripherally restricted mu-opiate receptor 
antagonist (alvimopan and methylnaltrexone) are under devel-
opment  [  4  ]  for use in opioid constipation; laxation occurs 
within 1.26 h (methylnaltrexone) or 8 h (alvimopan)  [  148, 
  149  ] . The class of agents also has potential use for other nar-
cotic induced side effects, such as opioid-related nausea and 
vomiting, urinary retention, pruritus, or postoperative ileus. 

 Prebiotics and probiotics are being evaluated as potential 
treatments for constipation  [  5  ] .   
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   Laxative Abuse or Misuse 
 Laxatives have been in use for centuries and have been 
abused or misused in 10–60% of situations  [  150  ] . Some 
users suffer from eating disorders, while others use laxatives 
for weight loss or to cause factitious diarrhea. Another group 
although constipated, believe that frequent bowel movements 
are required for good health. Use among older groups in care 
homes varies and often not based on rational criteria (A11) 
 [  15  ] . The most misused group is the stimulant class, perhaps 
because of their onset of action; electrolyte imbalance often 
results. Addressing the problem involves a certain degree of 
suspicion, education, stopping the laxative and replacing 
with  fi ber supplements, nursing, and psychiatrist involve-
ment where appropriate  [  15,   150  ] .  

   Miscellaneous Modalities 
   Manual Fragmentation 
 Manual fragmentation and extraction of the fecal mass are 
almost always initially indicated for fecal impaction  [  136  ] . 
The procedure usually requires local anesthesia and lubrica-
tion with lidocaine jelly, followed by gentle, progressive anal 
dilation with  fi rst one and then two  fi ngers  [  151  ] . A scissor-
ing action is used to fragment the impaction. In women, 
applying transvaginal pressure with the other hand may aid 
fragmentation and expulsion  [  152  ] . A pudendal block or spi-
nal or general anesthesia is rarely required  [  151  ] .  

   Endoscopy Intervention 
 When stool impaction is beyond the reach of the  fi ngers, a 
lavage directed by sigmoidoscopic visualization can be effec-
tive to relieve transient bowel obstruction, abdominal pain, 
and distention  [  136  ] .  

   Surgical Therapy 
 In selected patients with slow colonic transit, subtotal colec-
tomy with ileorectal anastomoses are options when other 
measures have failed to relieve constipation, provided that 
defecation dysfunction disorder has been excluded  [  153, 
  154  ] . Segmental colonic resection in constipation is disap-
pointing  [  3,   155  ] . Reported side effects of surgery include 
diarrhea, incontinence, infection, and bowel obstruction. 
Furthermore, the elderly might be un fi t for surgery due to 
advanced age and comorbidities  [  14  ] .  

   Biofeedback Therapy 
 Biofeedback is an effective treatment for pelvic  fl oor dys-
synergia but not slow-transit constipation  [  156  ] . Biofeedback 
involves the use of pressure measurements or averaged elec-
tromyographic activity within the anal canal to teach patients 
to relax pelvic  fl oor muscles when straining to defecate 
 [  157  ] . This is combined with use of appropriate techniques 
for straining (increasing intra-abdominal pressure) and hav-
ing the patient practice defecation of a water  fi lled balloon 

 [  157  ] . Audio-visual feedback is provided to the patients as 
they attempt defecation  [  14  ] ; sensory defects in older adults 
must be initially corrected.     

   Indications for Referral 

 Physicians should not hesitate to seek consultation to address 
the presence of alarm signs such as weight loss, melena, 
recent change in bowel habits, and refractory constipation 
 [  5  ] ; consultants in the category include gastroenterologist, 
geriatrician, psychiatrist, surgeon, pharmacist, nutritionist, or 
others to meet individual needs (Table  34.7 ). A collaborative 

   Table 34.7    Indications for consultation in refractory constipation 
 [  6,   69,   83,   90,   122,   171  ]    

 Gastroenterologist 
   Constipation with alarm signs, e.g., recent onset, weight loss, anemia, 

pain, constipation alternating with diarrhea, gastrointestinal bleeding 
   Chronic constipation requiring excessive use of laxatives or stool 

softeners 
  Fecal incontinence of recent onset 
  High stool impaction which is beyond the reach of  fi nger 
   To identify colonic neuropathy, myopathy, or normal colonic motor 

function before consideration of colectomy in patients with severe 
constipation 

   To assess colonic involvement in patients with colonic pseudoob-
struction and/or megacolon syndromes and to assess tone/compli-
ance changes 

  Clinical suggestion of pelvic  fl oor dysfunction 
 Geriatrician 
   Chronic constipation not alleviated despite compliance with 

high- fi ber diet, exercise regimen and bowel training program 
  Coexisting cognitive impairment: e.g., dementia, Parkinson’s disease 
   For the diagnosis of one or more coexisting conditions, requiring 

expertise in management, e.g., hypothyroidism, diabetes, and heart 
disease 

  Where coexisting pain and its management are contributory 
   Polypharmacy, requiring revision of drug regimen, where constipation 

may result from drug–drug,    drug–nutrient or drug–disease interaction 
 Surgeon 
   Constipation associated with vomiting and/or abdominal distension, 

where volvulus, obstruction, or ischemia are consideration 
   Complications of constipation, e.g., hemorrhoids,  fi ssures, peri-rectal 

abscess 
   Refractory constipation, including the presence of rectocele and 

rectal prolapse 
   Severe intractable constipation not due to anorectal dysfunction, 

suggesting slow colonic transit constipation 
 Psychiatrist/psychologist 
  Patients with depression and psychological distress 
   Following medical evaluation and maximal attempts at therapy, 

when investigations including bowel transit studies are futile 
  In those who fail to cooperate with conventional approaches 
  Patients with irritable bowel syndrome and laxative abuse 
 Nutritionist, nurse, pharmacist 
   As indicated, to counsel regarding diet, habits, and medication intake 
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effort between the primary provider and the consultant offers 
the best chance for success  [  83  ] .  

  Key Points 

    Constipation is common in the geriatric population and • 
often a management problem.  
  Age-related physiological changes may contribute to • 
development of chronic constipation, but it usually results 
from a variable combination of improper personal habits 
involving lifestyle, comorbidity, and adverse drug effect 
or drug interaction.  
  Evaluation of constipation should address the afore-• 
mentioned areas.  
  Treatment of chronic constipation is tailored primarily to • 
nonpharmacological approaches including diet,  fl uids, 
and activity.  
  Revision of medication regimen should be addressed prior • 
to resorting to the use of stool softeners and laxatives.  
  Opioid-induced constipation is a common entity in older • 
adults.  
  Laxative use becomes a consideration only after dietary • 
and other non-pharmacologic measures are ineffective.  
  Laxative misuse and adverse effects should be recognized • 
and addressed.          
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         Introduction 

 Diarrhea is common in the older population. Older patients 
may be less likely to discuss changes in bowel movement 
and are often embarrassed to mention their inability to main-
tain continence of the diarrheal stool. Diarrhea in the older 
adult may be life-threatening, and due to the covert presenta-
tion, is often overlooked. Several factors predispose the older 
adults to complications from diarrhea (Table  35.1 ), resulting 
in signi fi cant morbidity. The geriatric patient is at risk for 
volume depletion, electrolyte abnormalities, falls due to 
orthostatic hypotension, delirium, social isolation, malnutri-
tion, sacral ulcers (when bed bound), and hospitalization, 
including institutionalization and death. The frail older 
patient is particularly vulnerable to complications when the 
diarrhea is persistent or chronic. Early recognition of symp-
toms, expedited evaluation for diagnosis, and prompt man-
agement are therefore of prime importance.   

   Epidemiology 

 Diarrhea is a signi fi cant cause of mortality and the second 
leading cause of death worldwide after cardiovascular fatali-
ties for all age groups  [  1  ] . Mortality from diarrhea has been 
declining worldwide, but more than 1.3 million deaths still 
occur each year; the majority in children in developing coun-
tries but this pattern is reversed in industrialized countries 
 [  2  ] . In the United States, there is a substantial healthcare bur-
den from acute diarrheal diseases, and despite the lower 
rates, the morbidity and mortality is disproportionately 
higher in the elderly. Diarrhea-associated deaths are  fi ve 
times more likely in the old than in children. Hospitalizations 

for diarrhea in the elderly are increasing, unexplained by 
 Clostridium dif fi cile  infection  [  3  ] . Known risk factors for 
death from diarrheal illnesses include older age, White race, 
female gender, and residence in a long-term care facility. The 
majority of diarrhea-related deaths occur in the geriatric pop-
ulation  [  4  ] .  

   De fi nitions 

 The World Health organization de fi nes diarrhea as three or 
more loose stools per day, or the passage of more stools than 
is normal for that individual. Stool weight in excess of 200 g/
day has been used to de fi ne diarrhea for research studies. 
Based on duration of symptoms,  acute  diarrhea is de fi ned as 
an increased frequency with more than three bowel move-
ments per day, with stools of decreased consistency for less 
than 14 days. If diarrhea persists over 14 days, it is termed 
 persistent , and beyond 1 month considered  chronic . Fecal 
incontinence is de fi ned as the involuntary loss of solid or liq-
uid feces or gas, often precipitated by loose stools. Over fl ow 
diarrhea refers to the voluntary passage or incontinence of 
loose stools that pass around the obstruction caused by fecal 
impaction in constipated patients  [  5,   6  ] . 

 The intestinal intraluminal  fl uid content is a balance 
between mucosal secretion and absorption. In addition to the 
variable ingestion of foods and liquids, substantial amounts 
of secreted endogenous  fl uids are presented daily for mucosal 
absorption, with only 1–2% excreted in stool  [  7  ] . Excessive 
secretion or decreased absorption results in diarrhea; a 
classi fi cation based on this mechanism of action is termed 
osmotic, secretory, exudative and in fl ammatory, or intestinal 
dysmotility diarrhea. Osmotic diarrhea results from an 
osmotic load in the intestine from poorly absorbed ingested 
substances that cause intraluminal retention of water; it typi-
cally resolves when fasting or upon removal of the malab-
sorbed substance from the diet. Secretory diarrhea results 
from secretion of electrolytes and water into the intestinal 
lumen or its reduced absorption. Exudative and in fl ammatory 
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diarrhea results when protein and  fl uid exude from in fl amed 
ulcerated mucosa and can present as bloody stool. Motility 
disorders cause diarrhea from rapid transit or a dysmotility 
causing slow transit and malabsorption  [  8  ] . The causes of 
acute and chronic diarrhea based on mechanisms are listed in 
Tables  35.2 ,  35.3 , and  35.4 .     

   Predisposing Factors 

 Achlorhydria and atrophic gastritis are common in older 
adults and lower protection against enteric organisms, pre-
disposing to diarrheal diseases. Changes in the immune sys-
tem include a decline in B and T cells, decreased antibody 
and cytokine production, and decline in mucosal immunity 
due to decreased IgA secretion. Aging is also associated with 
alteration in micro fl ora in the intestine; anaerobic and 
bi fi dobacterial colonies decrease with concurrent increase in 
colonization by enterobacteria; any or several of these 
increase susceptibility to enteric infections  [  9  ] . Medication-
induced diarrhea is dealt with elsewhere. 

 Environmental factors are a source for enteric infections. 
Outbreaks of infectious diarrhea occur frequently in long-
term care facilities exposing the predisposed residents to 
intestinal infections. Increased incidence of  Salmonella , 
 Campylobacter , and  Escherichia coli infections  has been 
reported in long-term care residents  [  6  ] . Hospitalized patients 
and nursing home residents may develop recurrent or refrac-
tory  C. dif fi cile- associated colitis  [  6  ] . Institutionalized 
patients are exposed to outbreaks of viral gastroenteritis as 

   Table 35.1    Factors predisposing older adults to complications of 
diarrhea  [  4  ]    

 Physiologic factors associated with aging 
  Decreased total body water 
  Reduced response to thirst sensation 
  Impaired renal concentrating and diluting ability 
  Elevated basal and stimulated ANP levels 
  Lower renin and aldosterone levels 
 Limited access to  fl uids due to comorbidity associated with aging: 
  Impaired mobility 
  Impaired manual dexterity 
  Impaired swallowing mechanisms 
  Impaired communication ability 
  Impaired cognition 
 Additional factors 
   Polypharmacy (diuretics, cholinergics, PPIs, antimicrobials, oral 

iron, etc.) 
  Immune suppression from steroids or chemotherapy 
  Poor nutrition and frailty 
  Poor hygiene due to disability or dementia 
  Residency in long-term care 
  Delay in diagnosis and resuscitation 
  Fecal incontinence 

   ANP  atrial naturetic peptide;  PPI  proton pump inhibitor  

   Table 35.2    Causes of acute diarrhea in the older adult   

  Infection  
 Bacteria 
    Escherichia coli —ETEC, EIEC, EPEC, EaggEC, EHEC, STEC 
   Vibrio cholera ,  parahaemolyticus , non-01 vibrio 
   Salmonella  
   Shigella  
   Campylobacter  
   Yersinia  
   Clostridium dif fi cile ,  perfringens  
   Bacillus cereus  
   Staphylococcus aureus  
   Aeromonas  
   Listeria  
 Viruses 
  Rotavirus 
  Calcivirus—Norovirus,  sapporovirus  
  Astrovirus 
  Enteric adenovirus 
  Cytomegalovirus 
 Parasites 
   Giardia  
   Entamoeba histolytica  
   Blastocystis hominis  
   Cryptosporidium  
   Microsporidium  
   Cyclospora  
   Schistosoma  
   Strongyloides  
  In fl ammation : Ulcerative colitis, Crohn’s colitis, segmental colitis 
associated with diverticulitis (SCAD), ischemic colitis, ischemic 
enteritis 
  Medications : Alteration in dose or regimen 
  Osmotic : Change in diet including tube feeds, enteral nutritional 
supplements, sorbitol in elixirs, lactose-containing products 
  Factitious : Laxative use, incontinence 

   Table 35.3    Causes of acute diarrhea in the older patient based on 
residence  [  13,   14,   25  ]    

 Sporadic or institutional outbreak of gastroenteritis 
  Preformed toxin (6–24 h):  S. aureus ,  B. cereus ,  C. perfringens  

  (>3  days):  ETEC, STEC,  Vibrio ,  Salmonella , 
 Shigella ,  Campylobacter ,  Yersinia , 
 Giardia ,  Cyclospora ,  Cryptosporidia  

 Traveler’s diarrhea 
  Cruise ships: Norovirus, ETEC 
  Africa: ETEC,  Shigella ,  Salmonella ,  Campylobacter , Norovirus 
  Latin America: ETEC, EAEC,  Shigella ,  Salmonella , Norovirus 
   South Asia: ETEC, EAEC,  Shigella ,  Salmonella ,  Campylobacter , 

 Plesiomonas ,  Entamoeba ,  Giardia ,  Cryptosporidia ,  Cyclospora  
 Nosocomial diarrhea 
   C. dif fi cile  
  Drug-induced 
  Food contamination 
  Enteral hyperalimentation 
 Rehabilitation and long-term care facilities 
  Constipation and fecal impaction lead to “over fl ow” diarrhea 
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are travelers on cruise ships, a travel option favored by the 
older adult. 

 Pancreatic exocrine function insigni fi cantly decreases 
with aging and does not account for diarrhea in the geriatric 
population  [  9,   10  ] . Dietary carbohydrate and fat absorption 
are not signi fi cantly affected with age  [  11,   12  ] . Fecal fat tests 
are similar in the young and old.  

   Differentiating Acute from Chronic Diarrhea 

 Acute diarrhea is usually self-limited and symptoms resolve 
within a week, seldom lasting beyond 2 weeks  [  13,   14  ] . Most 
acute diarrheal etiologies are infectious and exposure to a 
speci fi c agent varies with the residential status (Tables  35.2  
and  35.3 ). The increased incidence of  C. dif fi cile- associated 
diarrhea and attendant morbidity and mortality is dealt with 
another chapter. Acute diarrhea can result from introduction 
of a new drug, alteration in the dosage of current medications, 
altered enteral nutritional formulae or volume, and dietary 

alterations in any setting. Other noninfectious causes of acute 
and chronic diarrhea include diabetic diarrhea, celiac disease, 
small intestinal bacterial overgrowth, lactose intolerance, 
microscopic colitis, ischemic colitis, radiation proctitis, 
in fl ammatory bowel disease (IBD), and hypersecretory 
tumors. Diarrhea is termed chronic when passage of loose or 
watery stools with increased daily frequency, more than 3 per 
day, last beyond 4 weeks  [  15  ] . Diagnosis of etiology of chronic 
diarrhea can be challenging and necessitates obtaining a 
detailed history and conducting individualized investigations.  

   Etiologies 

   Infectious Diarrhea/Gastroenteritis 

 Gastroenteritis results from either the direct invasion of 
mucosal epithelium, adhesion to intestinal epithelium, produc-
tion of enterotoxins, or a combination of these mechanisms. 

 Acute viral gastroenteritis is usually self-limited, lasts 
24–48 h; variable manifestations including nausea, vomit-
ing, diarrhea, abdominal cramps, fever, chills, or headaches. 
The morbidity and mortality is signi fi cant; with the 1979–
1987 death rates in the United States over 50% in the 75+ 
age group  [  16  ] . Viral gastroenteritis peaks in the winter 
months; the agents include calicivruses (genus Norovirus, 
type Norwalk virus, genus Sapovirus, type Sapporo virus), 
rotaviruses, adenoviruses, and astroviruses. The viruses, 
especially Norovirus, are linked to nursing homes outbreaks. 
The incidence of Norovirus gastroenteritis has increased in 
long-term care facilities, hospital wards, and cruise ships, 
accounting for 60% of all gastroenteritis with a known patho-
gen in the United States, as also most deaths from viral gas-
troenteritis  [  17  ] . 

 Bacterial agents that cause gastroenteritis are  Campylobacter 
jejuni ,  Shigella ,  Salmonella , and less frequently  E. coli  
O157:H7. Older adults are vulnerable to intestinal bacterial 
infections, especially  Campylobacter , with hospitalization 
2.6–3.4 times more likely in the over 65 age group  [  18  ] . 
 Salmonella  gastroenteritis in the elderly is associated with 
septicemia and high mortality rate. Old age is a risk factor for 
 Shigella  bacteremia and increased mortality  [  19  ] . Mode of 
transmission for delivery of these pathogens are fecal-oral, 
person to person, and via food and water. Long-term care 
institutions, hospitals, and daycare facilities are at risk for out-
breaks due to the crowded living conditions, common deliv-
ery of food and medications, and transmission by healthcare 
personnel. Prolonged use of proton pump inhibitors and 
overuse or misuse of antibiotics has increased the risk of 
acquiring enteric infections in the elderly. Nosocomial spread of 
 C. dif fi cile  occurs frequently in hospitalized and institutional-
ized older patients, with higher severity of disease  [  20  ] . 

   Table 35.4    Causes of chronic diarrhea in the older adult  [  8,   15  ]    

 Osmotic  Celiac disease 
 Whipple’s disease 
 Small intestinal bacterial overgrowth 
 Bile salt malabsorption—ileal disease, ileal resection 
 Lactose intolerance 
 Chronic pancreatitis 
 Drugs—osmotic laxatives, sorbitol, antacids, enteral 
hyper alimentation 

 Secretory  Microscopic colitis—collagenous, lymphocytic 
 Endocrine/neoplasm—carcinoid, gastrinoma, 
VIPoma, mastocytosis, pheochromocytoma, 
somatostatinoma, hyperthyroidism, medullary 
thyroid cancer, Addison’s disease, villous adenoma, 
lymphoma 
 Vasculitis 
 Drugs—stimulant laxatives 
 Epidemic—Brainerd 

 Dysmotility  Irritable bowel syndrome 
 Diabetic diarrhea 
 Scleroderma 
 Vagotomy 

 In fl ammatory  Ulcerative colitis 
 Crohn’s disease 
 Ischemic colitis 
 Radiation enteritis, proctitis 
 Diverticulitis 
 Infections 
  Bacteria (Mycobacteria,  Yersinia ) 
  Protozoa ( Giardia ,  Entamoeba ) 
  Helminth ( Strongyloides ) 
  Virus (cytomegalovirus, herpes simplex, HIV) 

 Miscellaneous  Colonic tumors 

  Multiple mechanisms of diarrhea may be involved in causes listed 
above  
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 Protozoal infections such as  Giardia ,  Cryptosporidium , 
and  Entamoeba histolytica  can occur in the immune-
suppressed older adults. Cryptosporidiosis has been 
described in the immunocompetent older adult  [  21  ] . The 
risk of severe disease was high in the 1993 waterborne 
 Cryptosporidium  infection outbreak in Milwaukee. Nursing 
home residents risk secondary person to person transmission 
 [  22  ] . Older adults also acquire parasitic infestations during 
overseas travel for work or pleasure and migration at retire-
ment to endemic areas.  

   Travelers’ Diarrhea 

 The otherwise healthy elderly spend time in recreation-
related travel. Table  35.3  lists the common infectious agents 
causing Travelers’ diarrhea (TD) at different destinations. 
Outbreaks of bacterial and viral infectious diarrhea occur on 
cruise ships, usually when traveling from a developed to an 
undeveloped country  [  23  ] , caused by bacterial, viral, and 
protozoal organisms. Bacterial organisms such as 
Enterotoxigenic  E. coli  and Enteroaggregative  E. coli , 
 Shigella ,  Campylobacter ,  Salmonella  and noncholera Vibrios 
more commonly cause    diarrhea  [  24  ] . The risk is dependent 
on the viable causative organism count that reaches the intes-
tine. The predisposed include those on acid-suppressing 
medications, those with altered GI anatomy, rapid gastric 
emptying, increased intestinal motility, atrophic gastritis 
with lower gastric acidity, and an immune-suppressed sys-
tem. Most episodes of TD begin 4–14 days after arrival at the 
destination, but can occur earlier. The diarrheal illness is 
usually self-limited, but supportive treatment is necessary for 
the old, including monitoring hydration status and the need 
for prompt  fl uid replacement. The need for prophylactic anti-
biotics and treatment of infectious diarrhea is determined by 
the severity of disease, duration of illness, and the presence 
of bloody diarrhea and other comorbid diseases  [  25  ] .  

   Tube Feeding-Associated Diarrhea 

 A common but often overlooked iatrogenic cause of diarrhea 
in the elderly is enteral nutrition. Tube feeding-associated 
diarrhea may occur due to hyperosmolar feeds, stimulation 
of gastrointestinal peptide release, associated bacterial over-
growth, increased intraluminal volume, and accelerated 
intestinal motility  [  26,   27  ] . Addition of  fi ber to enteral for-
mulae may in fl uence the occurrence of loose stool based on 
whether it is semidigested or soluble  [  28,   29  ] . High osmolal-
ity jejunal feeds cause diarrhea when infused directly into 
the small bowel. Rarely a gastrocolic  fi stula may cause per-
sistent diarrhea, requiring consideration in the differential 
diagnosis for diarrhea in a patient with gastrostomy  [  30  ] .  

   Ischemic Colitis 

 Ischemic colitis is the most common type of mesenteric 
ischemia and typically seen in the elderly  [  31–  33  ] . Ischemia 
results from the sudden, usually temporary, reduction in 
blood  fl ow to areas of the colon with poor collateral blood 
 fl ow such as the recto-sigmoid junction, the splenic  fl exure, 
and the cecum. The metabolic needs of the colon are not met 
by the inadequate blood  fl ow in several states.  

   In fl ammatory Bowel Diseases 

 Diagnosis of IBDs in the elderly is dif fi cult, with a delay in 
diagnosis and worse hospital outcomes in the older IBD 
patients  [  34  ] . Crohn’s disease is increasingly diagnosed in 
patients >60 years and may be initially misdiagnosed  [  35  ] . 
A bimodal distribution may exist for both Crohn’s disease 
(CD) and ulcerative colitis (UC) with a second peak between 
50 and 80 years of age. Twelve percent of patients with UC 
and 9% with CD have disease onset after the age of 65 years. 
Colonic Crohn’s disease and distal ulcerative colitis may be 
more common presentations.  

   Microscopic Colitis 

 Microscopic colitis is a cause of chronic watery diarrhea in 
older women over 65 years of age  [  36  ] . Microscopic colitis 
is comprised of two entities based on histology, namely, col-
lagenous colitis and lymphocytic colitis. Intraepithelial lym-
phocytes and mixed in fl ammatory in fi ltration of the lamina 
propria are seen even in normal appearing colon in lympho-
cytic colitis. Additionally, a subepithelial collagen band is 
also seen in collagenous colitis, with the width of the colla-
gen band 7–100  m m. About 10–30% of older adults who 
have chronic diarrhea and an endoscopically normal appear-
ing colon will have microscopic colitis  [  37,   38  ] . The severity 
of the diarrhea is not related to the thickness of the collagen 
band but rather to the degree of in fl ammatory in fi ltration. 
Microscopic colitis is associated with celiac disease, hypo-
thyroidism, history of malignancy, autoimmune disorders 
and use of medications such as proton pump inhibitors, ran-
itidine, acarbose, selective serotonin reuptake inhibitors, sta-
tins, aspirin, nonsteroidal anti-in fl ammatory drugs, and 
ticlopidine  [  39,   40  ] . Bile acids and toxins are luminal factors 
implicated in the pathogenesis.  

   Diverticular Disease 

 The incidence of diverticular disease increases with age, 
reaching 60% in persons over 85 years of age. Diverticular 
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bleed may cause painless, self-limited, lower gastrointestinal 
bleeding. The presence of segmental colitis in diverticular 
disease may mimic other causes of diarrhea  [  41  ] . Obstruction 
due to diverticular strictures may be associated with 
“over fl ow” diarrhea from liquid feces around the obstructed 
segment.  

   Celiac Disease 

 The prevalence of celiac has increased nearly twofold in the 
past 20 years, with a bimodal distribution; 20–34% of newly 
diagnosed celiac disease is in the 60+ age group. The patients 
may present with altered bowel habits (diarrhea or constipa-
tion, and if diarrhea, symptoms may be mild), abdominal 
pain, anemia, weight loss, and signs of malabsorption  [  42–
  44  ] . Adherence to a gluten-free diet may be dif fi cult in the 
geriatric patient already on restricted meals.  

   Small Intestinal Bacterial Overgrowth 

 Small intestinal bacterial overgrowth (SIBO) is often 
under-recognized and results from a reduction in gastric 
acidity, motility disorders such as diabetes, scleroderma 
and Parkinson’s disease, postsurgical blind loops, intesti-
nal diverticulae and strictures predispose the older patient 
to SIBO. Bacterial overgrowth impairs nutrient absorp-
tion, resulting in malabsorption, chronic diarrhea, dyspep-
sia, nausea, abdominal pain, bloating, anorexia, 
malnutrition, and weight loss  [  11,   12  ] . Asymptomatic 
older adults may be lactose intolerant due to bacterial 
overgrowth rather than mucosal lactase de fi ciency  [  11  ] . 
The diagnosis is made by hydrogen breath tests or duode-
nal aspirate cultures  [  45  ] .  

   Irritable Bowel Syndrome 

 Irritable bowel syndrome (IBS) is common in the older pop-
ulation although the prevalence of IBS declines with increas-
ing age. The reduced pain perception with aging may partially 
explain this lower IBS prevalence in the elderly  [  46  ] . The 
Rome III criteria de fi ne the requisite symptom characteris-
tics and duration for the diagnosis of IBS  [  47  ] ; an exhaustive 
evaluation helps exclude more prevalent structural diseases 
in this age group, including malignancy, microscopic colitis, 
bile acids malabsorption, and celiac disease prior to making 
the diagnosis of functional diarrhea. Evaluation in presumed 
functional chronic watery diarrhea may reveal organic dis-
ease in the majority  [  48  ] . The use of alosetron in IBS which 
is diarrhea-predominant is restricted in the older adult due to 
adverse effects (risk of ischemic colitis).  

   Lactose Maldigestion 

 Lactose is hydrolyzed to galactose and glucose in the small 
intestinal lumen by lactase, a brush border enzyme. The high-
est levels of lactase are during infancy and decline after 
weaning foods are introduced. Lower intestinal lactase levels 
can result from mucosal injury as occurs in celiac disease and 
Crohn’s disease, or a genetic predisposition termed primary 
lactase de fi ciency. Clinically apparent lactose maldigestion is 
termed lactose intolerance and presents as diarrhea, abdomi-
nal pain, gaseousness, and  fl atulence after ingesting dairy or 
lactose-containing food products. Lactose intolerance mani-
fests during adolescence and increases in prevalence as age 
advances  [  49  ]  Lactose intolerance can present in the elderly 
who never had a prior history of intolerance to dairy prod-
ucts; lactose malabsorption may be more frequent in indi-
viduals aged 74 years or older compared to the below 65 year 
group  [  50  ] . Asymptomatic older adults may have SIBO 
which can cause lactose malabsorption  [  11  ] .  

   Pancreatic Causes of Malabsorption 

 Chronic pancreatitis with pancreatic insuf fi ciency may lead 
to steatorrhea, abdominal pain, weight loss, or diabetes. 
Idiopathic chronic pancreatitis in older patients with no other 
known cause may represent a form of a genetic disorder  [  51  ] . 
Pancreatic cancer may present with pancreatitis and malab-
sorption syndrome.  

   Diabetic Diarrhea 

 Diabetic autonomic neuropathy may manifest with constipa-
tion, diarrhea, and fecal incontinence  [  52  ] . The etiology of 
diabetic diarrhea is multifactorial and in part secondary to 
autonomic dysfunction. The diarrhea may be severe and 
tends to be worse at night. Patients may have reduced resting 
sphincter pressures and reduced threshold of rectal sensation 
predisposing them to fecal incontinence. Diabetics often 
have chronic constipation, leading to fecal impaction and 
subsequent over fl ow diarrhea. Dietetic foods contain sorbitol 
and other nonabsorbed disaccharides that cause osmotic 
diarrhea; patients may relate a history of diarrhea being exac-
erbated by meals.  

   Fecal Incontinence and Diarrhea 

 Diarrhea in the elderly may precipitate fecal incontinence 
(FI) when the rectal capacity or weakened sphincter is over-
come by the watery voluminous stool  [  6,   53–  56  ] . The pres-
ence of loose stools and impaired mobility and mental 
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capacity predispose the older adult to FI  [  57  ] . Incontinent 
patients may be embarrassed and may report diarrhea instead 
of FI. The prevalence of FI in the elderly is 20–32% in geri-
atric hospital wards, up to 50% patients in long-term care 
facilities, and 80% of hospitalized older adults with demen-
tia  [  58  ] . Community Medicare bene fi ciaries aged over 65 
years had a 17% incidence rate of new onset FI in a period of 
over 4 years and FI was found to have common pathophysi-
ologic mechanisms as for urinary incontinence  [  59  ] . FI can 
be due to over fl ow incontinence, reservoir dysfunction, and 
rectosphincteric dysfunction and has been classi fi ed as pas-
sive FI, urge FI, and fecal seepage. In nursing homes, fecal 
impaction can occur due to chronic constipation in the cog-
nitively impaired or bedridden individuals and in patients 
with psychiatric disorders. Fecal impaction is seen in up to 
42% of elderly adults  [  60,   61  ] . Constipation and stool reten-
tion are associated with FI  [  62  ] . Besides incontinence, mani-
festations of impaction include abdominal distension, pain, 
anorexia, weight loss, intestinal obstruction, and stercoral 
ulceration with bleeding or perforation  [  61  ] . Causes of fecal 
impaction include metabolic abnormalities such as hypothy-
roidism, hypercalcemia, hypokalemia, inadequate  fi ber and 
water intake, immobility, and delirium. Reservoir dysfunc-
tion occurs with diminished colonic or rectal capacity and 
causes urge incontinence which resembles diarrhea. The liq-
uid stool is the putre fi ed stool seeping around the impacted 
feces and oozes out of the rectum, often mistaken for diar-
rhea. The management of fecal impaction includes disimpac-
tion, colon evacuation, and a maintenance bowel program to 
prevent recurrence  [  61  ] . Despite appropriate treatment, nurs-
ing home residents may remain incontinent because of 
dementia and restraint-related immobility  [  62  ] . 

 FI results in embarrassment, isolation, and depression and 
increases the probability that geriatricians will refer the 
patient to a nursing home; it is one of the leading causes for 
institutionalization  [  63  ] . The predictive risk factors for FI in 
a 10-year follow-up study of community living older adults 
were self-reported onset of diarrhea, incomplete evacuation, 
pelvic radiation, and development of fecal urgency  [  64  ] . 
Aggressive outpatient treatment of factors predisposing to FI 
may delay nursing home referral  [  65  ] .  

   Diarrhea in Long-Term Care Facilities 

 Long-term care facility residents have been estimated to have 
highest incidence of adult diarrheal illness in the developed 
world and the problem may yet be underdiagnosed  [  66  ] . 
Diarrhea in this setting is a major cause of morbidity (weight 
loss, dehydration, and delirium) and mortality and increases 
healthcare costs  [  67  ] . Residents of long-term care are much 
more likely to suffer fatality from gastroenteritis compared 
to community dwellers. On the other hand, in institutional-

ized patients, fecal impaction can occur in the cognitively 
impaired and the bedridden individuals  [  56,   61  ] . 

 A recent Australian study revealed that 52% of 6,295 out-
breaks of gastroenteritis and food-borne disease were 
reported from long-term care facilities  [  68  ] . The outbreaks 
between 2002 and 2008 affected nearly 85,000 people with 
1,577 hospitalizations and 209 deaths. Norovirus outbreaks 
were common and most outbreaks were transmitted from 
person to person, emphasizing the need for effective infec-
tion control measures  [  68  ] . Norovirus has no natural reser-
voir other than humans and is transmitted easily between 
humans; even a small dose is adequate to cause infection, 
with easy spread in nursing home setting  [  69  ] . In long-term 
care sites, often plagued by staf fi ng problems and  fi nancial 
issues, de fi nitive diagnosis may not be established due to the 
suboptimal collection of stool specimens; the causative 
agent for diarrhea remains unidenti fi ed in many diarrhea 
outbreaks.  

   Diarrhea of Obscure Origin 

 Obscure causes of diarrhea in the old include radiation 
enteropathy and proctitis, and rarely hyperthyroidism. The 
elderly are at risk of waterborne outbreaks of watery diarrhea 
that can last from 2 to 36 months (Brainerd diarrhea). 
Malabsorption occurs in Whipple’s disease and tropical 
sprue. Neoplastic diseases presenting with diarrhea include 
lymphoma, carcinoid syndrome, gastrinoma, glucagonoma, 
vipomas, villous adenoma, and carcinoma. Drug-induced 
diarrhea evades diagnosis; the prevalence increases with age, 
severity of disability, and the number of drugs taken. Up to 
9% of adults over age 75 years report diarrhea (related to 
drugs) in the prior week  [  70  ] .   

   Evaluation of Diarrhea in the Elderly 

 The approach to diagnosis of acute and chronic diarrhea in 
the elderly does not differ considerably from that in the 
young, but prompt resuscitation and management is required 
to prevent the morbidity and mortality in this population, 
especially crucial in the frail old. A complete history from 
the patient and caregiver help direct evaluation and dictate 
order of diagnostic tests  [  71,   72  ] . No cost-effective strategy 
or test is deemed to be of superior diagnostic accuracy  [  73  ] . 
Evaluation includes obtaining a comprehensive history 
(Table  35.5 ), focused physical examination and laboratory 
tests to initially establish the severity of illness, and the tim-
ing and necessity of subsequent speci fi c laboratory, radio-
logic, and endoscopic investigation.  

 A detailed history addresses diarrhea duration and stool 
characteristics, presence of systemic symptoms of fever, 
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abdominal pain, nausea, vomiting, medication history, 
comorbidity, sick contacts, diet, travel history, and changes 
in weight. The etiology may be localized to the small intes-
tine or colon based on some of the stool characteristics. 
Watery and voluminous stool is more characteristic of small 
bowel disease; frequent small volume stool associated with 
urgency is indicative of distal colon or rectal disease and ste-
atorrhea of pancreatic insuf fi ciency. The volume status of the 
patient is indicated by vital signs and general appearance, 
and together with abdominal tenderness or distension and 
digital rectal examination (blood), severity of illness can be 
assessed. Fecal impaction must be excluded as the cause of 
pseudodiarrhea. Extended examination should include the 
thyroid, skin, and joints. 

 The approach to acute diarrhea is outlined in Fig.  35.1 . 
Acute diarrhea is most commonly caused by viral or bacte-
rial infections. The initial assessment should focus on esti-
mating the hemodynamic status of the patient and presence 
of blood in the stools. Laboratory evaluation must include a 
complete blood count to assess hemoconcentration and leu-
cocytosis, as well as laboratory tests (serum sodium, potas-
sium, chloride, bicarbonate and creatinine, and urea nitrogen), 
stool tests including Wright’s stain for leucocytes,  C. dif fi cile  

   Table 35.5       Suggested questionnaire for the patient or caregiver   

  1. Is the diarrhea recent or longstanding? 

  2. Is diarrhea related to timing of meal? 

  3.  Related to alterations in diet, ingestion of milk-based products, 
dietetic foods and fruit juices? 

  4.  Recent addition or alteration in medication regimen, including 
over-the-counter medications and nutritional supplements? 

  5. History of recent antibiotic use? 

  6. Is the diarrhea dark, maroon, black, bloody or nonbloody? 

  7. Exposure to persons with diarrheal illness? 

  8.  History of recent travel or consumption of food from street vendors? 

  9.  Is there tenesmus (large intestinal) or is it voluminous, watery, or 
foul smelling (small intestinal or steatorrhea)? 

 10.  Associated symptoms: fever, nausea, vomiting, abdominal pain, 
rash, arthralgias, and weight loss, and if so over what period? 

 11.  Past medical history of pancreatic disease, diabetes mellitus, 
alcoholism, and radiation? 

 12.  Prior surgery including gastrectomy, small intestine or colon 
resections, and cholecystectomy? 

 Additional considerations for the physician 
  1. Is it true diarrhea or factitious diarrhea? 
  2. Is it fecal impaction with “over fl ow” diarrhea? 
  3. Is it fecal incontinence? 
  4.  Is it functional (no alarm symptoms) or organic (alarm symptoms 

present)? 

  Fig. 35.1     After initial evaluation and management, further diagnostic tests are directed based on the patient’s residential status. CDAD Clostridium 
dif fi cile- associated diarrhea;  IBD  in fl ammatory bowel disease       
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toxin, ova, and parasite and bacterial cultures. Endoscopic 
evaluation with sigmoidoscopy or colonoscopy with biopsy 
is indicated in patients suspected to have  C. dif fi cile  colitis or 
ischemic colitis  [  74  ] .  

 The approach to evaluation of chronic diarrhea is exhaus-
tive since the differential diagnosis is extensive (Table  35.4 ). 
Fecal impaction and pseudodiarrhea and fecal incontinence 
misreported by patients should be excluded. Attention to 
drug history and diarrhea as an adverse drug event is impor-
tant. Likewise, the entire process of tube feeding requires a 
careful review of the feeding prescription. If the diagnosis is 
not obvious after the history and physical examination, it is 
worthwhile to characterize the diarrhea as bloody or non-
bloody, and if the latter, whether it is secretory, in fl ammatory, 
osmotic or steatorrhea. Figure  35.2  outlines the evaluation of 
chronic diarrhea. Osmotic diarrhea usually ceases upon fast-
ing, although some decrease in stool output may be seen in 
all patients irrespective of the etiology of diarrhea. In osmotic 
diarrhea, the fecal osmotic gap is greater than 50 mOsm/kg 
 [  75  ] . A low stool pH is indicative of carbohydrate malab-
sorption and should prompt a diet review. Hydrogen breath 
test may con fi rm lactose malabsorption and small intestinal 

bacterial overgrowth. A high blood magnesium level suggests 
inadvertent or prescribed use of magnesium-containing laxa-
tives as possible basis for diarrhea.  

 Steatorrhea occurs due to maldigestion resulting from 
pancreaticobiliary disease or malabsorption resulting from 
small intestinal mucosal disease. The secretin test evaluates 
pancreatic exocrine function as does the stool chymotrypsin 
activity and an empiric trial of pancreatic enzymes. 

 Secretory or in fl ammatory diarrhea is usually due to 
infectious or neoplastic causes. Infectious agents causing 
chronic diarrhea include bacteria and parasites and can be 
diagnosed by serologies and stool tests. Structural disease 
can be evaluated by small bowel radiographs, endoscopy 
with or without mucosal biopsy, colonoscopy, and abdomi-
nal computed tomography scan as dictated by the results of 
initial workup. Once structural causes are ruled out, selective 
testing of plasma peptides (gastrin, calcitonin, VIP, and 
somatostatin), urine (5-HIAA, metanephrines, and hista-
mines), and other tests (TSH, ACTH stimulation, serum pro-
tein electrophoresis, and immunoglobulin) should be 
considered. Therapeutic cholestyramine trial can diagnose 
bile acid diarrhea.  

  Fig. 35.2     Evaluation of Chronic diarrhea can be exhaustive and is initiated based on stool character. CDAD C. dif fi cile- associated diarrhea;  CRC  
colorectal cancer;  DM  diabetes mellitus;  IBD  in fl ammatory bowel disease;  IBS  irritable bowel syndrome;  O / P  ova and parasite; SIBO small intes-
tinal bacterial overgrowth;  SCAD  segmental colitis associated with diverticulosis;  VIP  vasoactive intestinal peptide       
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   Treatment 

 Acute uncomplicated diarrhea is often self-limited and 
requires no treatment other than self or caregiver-administered 
oral  fl uids and, occasionally, with antidiarrheal medications. 
Self-medication for uncomplicated diarrhea does not cause 
harm to the patient. Self-treatments include oral rehydration 
solutions, dietary restrictions, antidiarrheals, probiotics, and 
antimicrobials by the traveler. The frail elderly and the older 
adult with multiple comorbidities should be advised to seek 
medical attention if diarrhea is severe or persistent  [  76  ] . 

 Rehydration is essential in the treatment of diarrhea and 
critical in the elderly patients who have decreased total body 
water and a reduced response to thirst. Due to decreased mobil-
ity, limited dexterity, impaired communication abilities, and at 
times impaired cognitive function, access to  fl uids is limited. 
Dysphagia may compound the problem by limiting oral  fl uid 
intake in large amounts. Volume status should be assessed 
carefully as comorbidities such as congestive heart failure or 
chronic kidney disease limit the speed of  fl uid replacement. 
Volume de fi cits are manifested as thirst, fatigue, tachycardia, 
and hypotension and should be addressed promptly by electro-
lytes and nutrient replacement (addressed in other chapters). 

 Nonspeci fi c therapy includes antidiarrheal medications 
such as opiates, adrenergic agents, somatostatin analogs, bile 
acid-binding resins, and  fi ber supplements. Opiates should be 
avoided when an infectious etiology for diarrhea is suspected. 

 Empiric therapies include speci fi c treatments for sus-
pected disease entities. Pancreatic enzymes are prescribed 
for pancreatic insuf fi ciency; lactose intolerance is best treated 
by a lactose-free diet, while celiac disease is addressed by a 
gluten-free diet; antibiotics and rifaximin are useful in small 
intestinal bacterial overgrowth, and cholestyramine in bile 
salts malabsorption. 

 De fi nitive therapy in general is tailored to the etiology, 
and hence the importance of an accurate diagnosis. Antibiotic 
treatment is limited to patients with invasive infections, 
severe disease, and outbreaks within a con fi ned environment, 
guided by clinical suspicion for speci fi c organisms and diag-
nostic tests. Judicious use of antibiotics is recommended to 
decrease the incidence and recurrence of disease and prevent 
emergence of antibiotic resistance  [  14  ] . 

 Dietary modi fi cations are important therapies in celiac 
disease, lactose intolerance, small intestinal bacterial over-
growth, pancreatic insuf fi ciency, and even enteral feeding-
associated diarrhea. 

 Speci fi c pharmacologic agents are needed for IBD, micro-
scopic colitis, neuroendocrine tumors, and metabolic 
disturbances. 

 In nursing homes, rehabilitation, and long-term care facil-
ities, an attentive staff is essential to the timely diagnosis and 
treatment of diarrheal disease and to lower diarrhea-related 

morbidity and mortality. Close follow-up care to ensure 
adequate hydration and electrolyte repletion is imperative. 
Infection control measures to contain infectious outbreaks 
should be emphasized through staff education  [  6  ] . Prompt 
resuscitation should address  fl uid and electrolyte repletion. 
Oral rehydration may not be the optimal approach for older 
patients with dementia or dysphagia where intravenous  fl uid 
resuscitation is often necessary. 

  Key Points 

    Acute and chronic diarrhea occur commonly in the geriat-• 
ric age group, but are often overlooked and inadequately 
addressed or treated.  
  Several factors increase the risk for diarrheal disease and • 
its complications in the elderly, including polypharmacy.  
  Diarrhea may precipitate fecal incontinence, which leads • 
to embarrassment, social isolation, and often to 
institutionalization.  
  Residents of long-term care facilities are especially vul-• 
nerable to the outbreaks of diarrhea with increased mor-
bidity and mortality.  
  A high degree of suspicion should be maintained for • 
 Clostridium dif fi cile  colitis.  
  Corrective approach to diarrhea entails obtaining a • 
detailed history, including diet, drugs, disease status, and 
residential status, in addition to addressing the clinical 
status and choosing a select battery of tests.  
  Prompt diagnosis and early resuscitation is necessary to • 
prevent complications of diarrhea in the older adult espe-
cially if multiple comorbidities, frailty, and poor nutri-
tional status are present.          
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         Introduction 

 Acute gastrointestinal (GI) hemorrhage is a common cause 
of hospitalization in the elderly. Currently, causes of GI 
bleeding are divided into three categories: upper (proximal to 
ligament of Treitz), middle (small bowel), and lower (colonic). 
The section on wireless capsule endoscopy discusses the 
topic of small bowel (midgut) bleeding. The terms used in 
the description of gastrointestinal bleeding are tabulated in 
Table  36.1 . While hematochezia points to lower gastrointes-
tinal bleeding (LGIB) as the source, melena and hematemesis 
indicate upper gastrointestinal bleeding (UGIB).  

 The incidence of UGIB is approximately 170 cases per 
100,000 annually, increasing with age  [  1  ] . LGIB is much less 
common, with only 20 per 100,000  [  2  ] . Given that older age 
is associated with higher rates of incidence, morbidity, and 
mortality  [  3  ] , GI bleeding must be taken seriously and man-
aged promptly.  

   Upper Gastrointestinal Bleeding 

 The main causes of UGIB are peptic ulcers, esophagitis, 
esophageal or gastric varices, gastric tumors, and portal 
hypertensive gastropathy (see Table  36.2 ). In January 2010, 
a group of 34 experts from 15 countries revised the 2003 
guidelines for the management of patients with nonvariceal 

UGIB  [  4,   5  ] . Management of UGIB is dictated by the type of 
lesion and risk of re-bleeding.  

   General Management Strategy (See Fig.  36.1 ) 

      Initial Evaluation and Resuscitation 
 The principles guiding evaluation of a patient with UGIB 
and LGIB are the same.
    (a)    Initial History 

 History taking should be focused while simultaneous 
general resuscitation measures are taken. As in any 
patient with gastrointestinal bleeding, the initial history 
should include use of nonsteroidal anti-in fl ammatory 
drugs (NSAIDs), dual antiplatelet therapy with aspirin 
(ASA) and clopidogrel  [  6  ] , selective serotonin reuptake 
inhibitors  [  7  ] , anticoagulants, previous history of peptic 
ulcer, immunosuppression, vascular disease, past bleed-
ing episodes, radiation therapy for prostatic or pelvic 
cancer, recent colonoscopy or polypectomy, cirrhosis of 
liver, anemia, in fl ammatory bowel disease (IBD), and 
coagulopathy  [  8  ] .  

    (b)    Rectal Examination and Nasogastric Tube Aspiration 
 A proper digital rectal examination helps diagnose rectal 
neoplasms and con fi rm the patient’s description of stool 
color  [  8  ] . Massive UGIB and a distal source in the colon 
may manifest as hematochezia, which can be differenti-
ated by the presence or absence of fresh blood in the 
nasogastric tube aspiration.  

    (c)    Initial Laboratory Studies 
 Initial laboratory testing should include a complete blood 
count, coagulation pro fi le, serum chemistry for electro-
lytes, liver tests, typing, and cross matching of blood. An 
electrocardiogram should be performed in all cases because 
it provides critical information about preexisting coronary 
artery disease, as well as evidence of active ischemia.  

    (d)    Evaluation of Severity 
 Prognostic scales, such as the pre-endoscopy Glasgow–
Blachford and Rockall bleeding score for nonvariceal 
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 Clinical presentations indicating a higher risk of re-bleed-
ing or mortality include hemodynamic instability, rectal 
 passage of blood, elevated levels of urea, creatinine or serum 
 aminotransferase, melena, and sepsis  [  4  ]  (see Table  36.3 ). 
Age > 65, chronic alcoholism, cancer, and comorbid ill-
nesses are other predictive factors of poor prognosis.   

    (e)    Resuscitation 
 In all cases of GI bleeding, resuscitative measures include 
 fl uid administration via large bore intravenous catheters and 
blood transfusion. The ideal hemoglobin concentration 
depends on age, bleeding rate, and existence of comorbid 
conditions. Red blood cell transfusion is recommended in 
patients with a hemoglobin level of  £ 7.0 g/dL  [  5  ] . Hemoglobin 
level is to be maintained at about 10 g/dL (hematocrit 30%) 
in the elderly with coronary heart disease  [  8  ] . 

 Resuscitative measures should aim at lowering the inter-
national ratio (INR) to less than 1.8, which is associated 
with lower mortality and fewer myocardial infarctions  [  12, 
  13  ] . Vitamin K administration may be needed in addition to 
discontinuance of anticoagulants to achieve optimal results. 

 Proton pump inhibitor (PPI) therapy is useful in 
patients with UGIB because it prevents or reduces clot 
lysis by acid  [  14  ] . Pre-endoscopic erythromycin as a    pro-
kinetic drug may be helpful in patients who are suspected 
of having blood clots in the gastrointestinal tract and 

those who have recently eaten to improve endoscopic 
which helps identify the source of bleeding and reduces 
the need for repeat endoscopies  [  5,   15  ] .  

    (f)    Intensive Care 
 Admission to the intensive care unit is appropriate when 
patient-related and endoscopic factors of severity and 
recurrence warrant it (see Table  36.3 ).      

   Endoscopic Management 
 Esophagogastroduodenoscopy (EGD) should be performed 
within the  fi rst 24 h of presentation (early endoscopy) because 
it is associated with a reduction in mortality rates (in contrast to 
older thoughts), the risk of re-bleeding, duration of hospitaliza-
tion, and the need for surgical intervention  [  16  ] . Early endos-
copy may have to be delayed in some high-risk patients with 
active coronary syndrome or when perforation is suspected. 

 Endoscopic predictors of increased risk for re-bleeding 
include type of lesion, high risk stigmata of ulcer hemorrhage 
(active bleeding, nonbleeding visible vessel and adherent clot), 
ulcer size >2 cm and its location  [  5,   17–  20  ]  (see Table  36.3 ). 

 Thermal devices, injection therapy, and hemoclipping are 
effective hemostatic treatments in patients with high-risk 
lesions, alone or in combination with epinephrine injection 
 [  21,   22  ] . Monotherapy with epinephrine injection provides 
suboptimal results  [  23  ]  (see Table  36.4 ).   

   Table 36.1    Terms and their signi fi cance  [  4,   5  ]    

  Hematemesis : Vomiting of blood. It indicates an upper GI source of bleeding proximal to the ligament of Treitz. It may consist of bright red 
blood indicative of active bleeding or coffee ground material 
  Melena : Passage of black, tarry, foul smelling stool as a result of degradation of hemoglobin to hematin. At least 50 cc of blood in the upper GI 
tract is required to cause melena. The source of bleeding is almost always in the upper GI tract, but may be in the distal small bowel or right 
colon (early and slow bleeding) 
  Hematochezia : Passage of bright red blood through the rectum with or without stool. The source is often the lower GI tract, but brisk UGIB can 
cause hematochezia 
 Obscure bleeding: Can have two forms 

  Obscure—occult bleeding which is not visible to the patient and is manifested by recurrent iron de fi ciency anemia and/or repeated positive 
fecal occult blood test results 
 Obscure—overt bleeding as manifested by recurrent passage of visible blood 

  Upper gastrointestinal bleeding : Bleeding site proximal to the ligament of Treitz 
  Middle gastrointestinal bleeding : Bleeding from the small bowel not visible by EGD or colonoscopy 
  Lower gastrointestinal bleeding : Bleeding site is usually in the colon 

    Acute lower gastrointestinal bleeding : Bleeding of recent duration (arbitrarily de fi ned as <3 days) and may result in the need for blood 
transfusion, instability of vital signs, and/or anemia 
  Chronic lower gastrointestinal bleeding : Bleeding associated with intermittent or slow blood loss over a period of several days or longer 

   Table 36.2    Causes of acute upper gastrointestinal bleeding (UGIB)  [  4,   5  ]    

 Peptic ulcer disease  Commonly caused by aspirin (ASA) or other NSAIDs,  Helicobacter pylori  infection or both. Patients present with 
abdominal pain, hematemesis, or melena 

 Varices  Esophageal varices related to portal hypertension are the second most common cause of severe UGIB 
 Tumor  Is responsible for a small fraction of UGIB. The tumor is usually ulcerated and large 
 Mallory–Weiss tear  Mallory–Weiss tear of the lower end of esophagus commonly occur in patients with recurrent emesis. The patient 

presents with hematemesis 
 Gastric antral 
vascular ectasia 

 Also known as watermelon stomach. Presents with melena and iron de fi ciency anemia. Stripes of ectatic mucosal blood 
vessels originating from the pylorus and extending proximally is the classic pattern seen on endoscopy 

 Dieulafoy’s lesion  Is a large submucosal artery that protrudes through the mucosa and can cause severe bleeding 
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  Fig. 36.1    An algorithmic approach to upper gastrointestinal bleeding (UGIB)  [  8–  20  ]        

   Non-endoscopic Management Options 
 In severe UGIB, cases of high-risk bleeding and when endo-
scopic therapy fails, surgical consultation should be consid-
ered. For patients who are high-risk candidates for surgery, 
arteriographic study with embolization is particularly useful. 

 Even when endoscopy is successfully performed, high-
risk patients should be hospitalized for 72 h to monitor for 
the risk of re-bleeding  [  20,   24  ] . Continuous-infusion of PPI 
therapy is recommended in patients with high-risk stigmata 
to decrease re-bleeding after endoscopic therapy. Routine 
second endoscopy is not necessary; it provides no additional 
bene fi ts over PPI therapy  [  25,   26  ] . A second endoscopy is 
needed if there is evidence of re-bleeding after initial suc-
cessful endoscopic therapy.  

   Peptic Ulcer Disease 
 Peptic ulcer disease is the most common cause of UGIB in 
the elderly, accounting for 28–70% of cases  [  27–  29  ] . It is 
more often attributed to the mucosal damage caused by use 
of NSAIDs than due to infection with  Helicobacter pylori  
( H. pylori )  [  30,   31  ] . Patients, however, should be tested for 
the presence of  H. pylori  even when there is history of 
NSAID use  [  32  ] . 

   Table 36.3    Factors predicting mortality and re-bleeding in elderly 
patient with UGIB   

 Early predictive factors 
  Hemodynamic instability (systolic blood pressure <100 mmHg, 
hemoglobin <10 mg/dL, and tachycardia with or without orthostasis) 
 Presentation as hematemesis or hematochezia 
 Bloody NG aspirate that does not clear following lavage 
  Concomitant liver, renal, cardiac, or pulmonary failure (acute or 
chronic) 
 Coagulopathy 
 In-hospital onset of UGIB 

 (The above are some of the indications for ICU admission) 
 Endoscopic factors a  

 Ulcer base >2 cm in diameter 
 Posterior duodenal bulb ulcer 

 Endoscopic  fi nding 
 Risk of 
re-bleeding (%) 

 Predicted 
mortality (%) 

 A. Arterial bleed  55  11 
 B. Non-bleeding visible vessel  43  11 
 C. Adherent clot  22  7 
 D. Flat spot  10  3 
 E. Clean base  5  2 

   a Endoscopic factors of adverse outcome A, B, C also help in triaging 
patient to ICU. Data from refs.  [  17–  20  ]   
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 It is estimated that more than 50% of older adults are 
using either NSAIDs or ASA when they present with a bleed-
ing episode  [  33  ] . The risk of bleeding doubles when NSAIDs 
are taken together with ASA, as opposed to either alone  [  34  ] . 
When ASA is used, even in small doses, the bene fi t of selec-
tive cyclooxygenase-2 (COX-2) inhibitors is hindered  [  35, 
  36  ] . Age >65  [  37  ] , past history of ulcer complications, 
comorbid conditions, alcohol consumption  [  38  ] , smoking 
 [  39  ] , corticosteroid use, antiplatelet, or anticoagulant therapy 
 [  37  ]  while on NSAIDs increases the risk of UGIB. Mortality 
secondary to NSAID-related gastrointestinal bleeding has an 
annual relative risk of 4.1 compared to nonusers  [  40  ] . 

 Continued PPI therapy is necessary to reduce the risk of 
recurrent bleeding in patients taking NSAIDs or those on car-
diovascular prophylaxis with a history of ulcer bleeding  [  41  ] . If 
cardiovascular risks outweigh gastrointestinal ones, ASA ther-
apy should be restarted after bleeding has stopped  [  42,   43  ] .  

   Esophageal Varices 
 Esophageal and gastric varices constitute the second most 
common cause of serious UGIB, accounting for approxi-
mately 11%  [  28  ] . Variceal hemorrhage is a major complica-
tion of portal hypertension from cirrhosis. Large varices, the 
presence of red “wale” marks on varices, and hepatic pres-
sure gradient >12 mmHg increase the risk of bleeding  [  44  ] . 

 As with peptic ulcers, vasopressin or somatostatin is used 
as pharmacologic treatments. Endoscopic variceal band 
ligation has become the treatment of choice  [  45  ]  and 
 surgical therapy should be considered only as a measure of 
last resort. Model for End-Stage Liver Disease (MELD) 
score can be used as a predictor of mortality in patients who 
experience rebleeding within 6 weeks of endoscopic variceal 
band  ligation  [  46  ] .  

   Less Common Causes 
 On rare occasions, UGIB in the elderly can be caused by 
Mallory–Weiss tear, gastric antral vascular ectasia, aortoen-
teric  fi stula, Dieulafoy’s lesion, and/or neoplasm.    

   Lower Gastrointestinal Bleeding 

 Diverticular disease, internal hemorrhoids, colitis (IBD, 
ischemic colitis, infectious colitis and drug-induced colitis), 
neoplasms, and angiodysplasias are responsible for the 
majority of LGIB cases  [  47,   48  ]  (see Table  36.5 ). The in-
hospital mortality rate of LGIB ranges from 2 to 4%  [  49  ] . 
Predictors of mortality include age >70, male gender, intesti-
nal ischemia, two or more comorbidities, unrelated hemor-
rhage, coagulopathy, and hypovolemia  [  50  ] .  

   Table 36.4    Available options for endoscopic control of GI bleeding  [  2–  23  ]    

 Procedure a   Comments 

 Injection of epinephrine/sclerosing agents  Sclerosant agents such as polidocanol or ethanol are popularly used in the USA 
 Argon plasma coagulation  For non-contact coagulation. Ideal for lesions with large surface areas, i.e., watermelon stomach 

and portal hypertensive gastropathy 
 Clips  Provide mechanical hemostasis. Better than epinephrine injection or heater probe. Desirable in 

patients with coagulopathy, cirrhosis, and multi-system disease. Useful for ulcers, Dieulafoy’s 
lesions and post-polypectomy bleeds 

 Thermal coagulation 
 Bipolar/heater probe 

 Applied directly to bleeding point 

 Band ligation  Effective in varices 
  Histoacryl glue injection   For acute bleeding and fundal varices; is available in certain countries outside USA 

   a Option is chosen based on the lesion and  expertise of the endoscopist . Procedures may be combined for better hemostasis  

   Table 36.5    Causes of acute lower gastrointestinal bleeding (LGIB)  [  42–  50  ]    

 Diverticulosis  Acute, painless, and bright red bleeding (may be maroon or melenic depending on the site and rapidity of bleeding). Could 
be hemodynamically signi fi cant in the elderly with comorbid conditions. Bleeding stops spontaneously in most cases 

 Vascular ectasias  Painless hematochezia. Could be melenic based on the site and rapidity of bleeding. Rarely hemodynamically signi fi cant 
 Neoplasms  Painless, intermittent, small volume bleeding usually in occult fashion 
 Ischemic colitis  Altered blood mixed with loose stool. History of hypotensive event preceding the bleeding episode supports the diagnosis 
 Hemorrhoids  Intermittent, low volume bleeding coating the stool 
 Rectal ulcers  Common cause of severe hematochezia. Multiple painless rectal ulcers occur in bedridden patients, ICU patients or 

patients with severe constipation 
 Rectal varices  The frequency increases with degree of portal hypertension. They develop in the rectal mucosa between the superior 

hemorrhoidal veins (portal) and middle and inferior hemorrhoidal veins (systemic) 
 Post-polypectomy  Incidence is approximately 3%, commonly following polyp removal. Presents with painless hematochezia soon after 

polypectomy. It may be delayed up to 3 weeks post procedure 
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   General Management Strategy (See Fig.  36.2 ) 

      Initial Evaluation and Resuscitation 
 The same initial evaluation and resuscitation measures dis-
cussed above for UGIB should be employed for LGIB, with 
several exceptions noted in that section. 

 Severe LGIB is de fi ned by transfusion requirements of  ³ 2 
units of blood and/or hematocrit decrease of  ³ 20%. A synco-
pal episode, heart rate  ³ 100 beats/min, and  £ 115 mmHg sys-
tolic blood pressure are early predictors of severity  [  51  ] .  

   Endoscopic Management 
 Flexible sigmoidoscopy is inexpensive and can be performed 
even without a standard bowel preparation. However, as a 
preferred choice, colonoscopy is capable of detecting a 

de fi nite cause in up to 90% of LGIB cases  [  52  ]  and can guide 
therapeutic intervention. 

 There are many endoscopic treatment options, including 
BICAP, clips, heater probe, laser, argon plasma coagulation, 
and epinephrine or sclerosant injection (see Table  36.4 ). 
Rarely, acryl glue injection (rectal varices), rubber band 
(hemorrhoids and rectal varices), cryotherapy (hemorrhoids), 
infrared coagulation (hemorrhoids), and low voltage current 
(hemorrhoids) may also be used. The choice depends on the 
availability of the equipment, experience of local endosco-
pist, and the type of lesion. 

 Thorough cleansing of the colon is necessary to achieve 
optimum results during endoscopic evaluation. Sodium phos-
phate, magnesium citrate, and polyethylene glycol/electro-
lyte lavage solutions are the three main groups of osmotically 

  Fig. 36.2    An algorithmic approach to lower gastrointestinal bleeding (LGIB)  [  47–  52  ]        
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acting cathartics that are used as bowel-cleansing agents. 
Although effective, magnesium and sodium-based products 
raise safety concerns, particularly in the elderly because of 
their hypertonic nature, which causes shifting in  fl uid and 
electrolyte balance in an age-group already prone to such 
disturbances  [  53,   54  ]  (see Table  36.6 ). Absorption of large 
quantities of phosphorus and magnesium often results in dif-
ferent degrees of hyperphosphatemia and hypermagnesemia, 
respectively. Sodium-phosphate based products have been 
reported to cause acute phosphate nephropathy. Comorbidities 
and medications that affect the glomerular  fi ltration rate, 
intestinal phosphate absorption, as well as water and electro-
lyte balance, predispose patients to the development of acute 
phosphate nephropathy by aggravating hyperphosphatemia 
 [  55  ]  (see Table  36.7 ). By contrast, products containing poly-
ethylene glycol/electrolyte lavage solutions do not lead to 
signi fi cant shifting of  fl uids and electrolytes since they do 
not induce absorption or excretion of ions across the intesti-
nal mucosa  [  53,   56,   57  ] . Suf fi cient hydration in the elderly is 
nonetheless essential.    

   Non-Endoscopic Management Options 
 Angiography localizes a bleeding site when the rate of arte-
rial bleeding is at least 0.5 mL/min and may help determine 
the cause of the bleeding  [  58  ] . Immediate cessation of bleed-
ing is one advantage of embolotherapy. Microcatheter embo-
lization using microcoils, polyvinal alcohol particles, and 

gelfoam is an effective method of controlling hemorrhage 
with a re-bleeding rate of <15%  [  59  ]  and clinical success 
ranging from 70 to 90%  [  49  ] . Major adverse events, includ-
ing vascular injuries, contrast reactions, and transient isch-
emic attacks may occur rarely  [  60  ] . 

 Red blood cell scintigraphy, involving injection of tech-
netium into the patient’s bloodstream, detects bleeding in 
amounts as small as 0.04 mL/min  [  61  ] . In pooled data from 
16 different studies, bleeding scan was accurate in localiz-
ing the bleeding site in 78% of cases  [  62  ] . The speci fi city 
and sensitivity of this procedure is 93% and 95%, respec-
tively  [  61  ] . 

 Surgical intervention is a measure of last resort and, as a 
rule of thumb, is indicated when the blood transfusion 
requirement is greater than 4 units in 24 h, or when nonsurgi-
cal methods have failed to locate the bleeding source and/or 
control hemorrhage  [  47,   63  ] .   

   Diverticulosis 

 Diverticular disease is discussed in a separate chapter. 
 Diverticulosis is the single most common cause of LGIB, 

accounting for approximately 33%  [  50  ] . Regular use of 
NSAIDs and ASA is a signi fi cant risk factor for colonic 
diverticular hemorrhage  [  64,   65  ] . Most diverticula bleed in 
bursts and cease spontaneously  [  66,   67  ] . The risk of re-
bleeding ranges from 18 to 38% after spontaneous cessation 
 [  63,   68  ] , in comparison to a recurrence rate of 0–38% upon 
completion of endoscopic therapy  [  59,   69  ] . The overall mor-
tality rate in the elderly is approximately 4%  [  70  ] . 

 Urgent colonoscopy following a rapid purge with poly-
ethylene glycol-based solution can achieve hemostasis using 
bipolar probe coagulation, epinephrine injection, metallic 
clips,  fi brous glue, and band ligation  [  69,   71  ]  (see Table  36.4 ). 
Angiographic treatment with vasopressin infusion or embo-
lization of the bleeding vessel is successful in managing per-
sistent bleeding in most cases  [  72–  74  ] ; however, re-bleeding 
on cessation of vasopressin and intestinal infarction follow-
ing embolization can occur  [  75  ] . Surgery may be necessary 
in up to a quarter of patients with hemodynamically 
signi fi cant diverticular bleeding  [  66  ] .  

   Table 36.6    Adverse effects of osmotically acting cathartics   

 Sodium phosphate  Magnesium citrate  Polyethylene glycol lavage 

 Hyponatremia  +  +  + 
 Hypokalemia  +  + 
 Hypocalcemia  + 
 Hypernatremia  +  + 
 Hyperphosphatemia  + 
 Hypermagnesemia  +  + 
 Other  Acute phosphate nephropathy 

 Aphthous ulcers (rectosigmoidal) 
 Allergic reactions 
 Aspiration 

   Table 36.7    Acute phosphate nephropathy risk factors   

 Age >60 
 Woman 
 Medications 

 Angiotensin converting enzyme inhibitors 
 Angiotensin receptor blockers 
 Diuretics 
 NSAIDs 

 Comorbidities 
 Congestive heart failure 
 Chronic kidney disease 
 Diabetes mellitus 
 Hypertension 

 Low body weight 
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   Vascular Ectasias 

 Approximately 3–12% of acute LGIB cases are due to 
 vascular ectasias  [  76  ] , which have exclusive occurrence in 
the right colon. There is an association between severe aortic 
stenosis and bleeding from intestinal angiodysplasia  [  77  ] . 
On histopathologic examination they are noted to be ectatic, 
distorted veins, venules, and capillaries mostly lined only by 
endothelium and, occasionally, by a small amount of smooth 
muscle  [  78,   79  ] . Coagulopathy, platelet dysfunction, and 
NSAID or ASA use trigger bleeding  [  80  ] . 

 Bleeding from vascular ectasias is usually subacute, 
recurrent, and manifested as iron de fi ciency anemia and 
occult blood positivity. A small number of patients may have 
massive hemorrhage  [  81  ] . De fi nitive treatment for bleeding 
vascular ectasias is with heater probe or bipolar methods 
during endoscopy. Intra-arterial trans-catheter embolization 
may also stop bleeding. When bleeding is recurrent and 
 massive, right hemi-colectomy is recommended.  

   Colitis (Ischemic, Infectious, and In fl ammatory) 

 Colitis may present with abdominal pain, diarrhea, hemato-
chezia, fever, and/or dehydration. Ischemic and infectious 
colitis are far more common than IBD in older adults. Severe 
hemorrhage is rarely secondary to ischemic colitis. 

 Patients with ischemic colitis often experience crampy 
abdominal pain followed by bloody diarrhea. The blood may 
be bright red or maroon, and is commonly mixed with the 
stool. Ischemic colitis most often involves the watershed 
areas, i.e., the splenic  fl exure, right colon or recto-sigmoid 
junction. It can result from changes in the mesenteric vascu-
lature (anatomic or functional), hypotension or embolic 
events. Initial KUB or barium enema (no longer commonly 
performed) may show “thumb impressions” on the wall of 
the air- fi lled colon. Sigmoidoscopy can reveal colonic ulcer-
ations, often with rectal sparing. Histologically, mucosal 
necrosis with a paucity of acute or chronic in fl ammation is 
evident. 

 Most cases resolve with supportive treatment. About 20% 
of patients may develop chronic colitis, which resembles 
ulcerative colitis, but differs both in being segmental with 
rectal sparing, and in being unresponsive to standard ulcer-
ative colitis treatment  [  82  ] . Rarely, ischemic colitis can be 
complicated by perforation or stricture formation and may 
necessitate surgical intervention  [  82,   83  ] . 

 Older adults are at increased risk for infectious colitis and 
its complications  [  69  ] , which is associated with higher mor-
tality in this age group  [  84  ] . Common causes of enteric infec-
tions in elderly patients are  Clostridium dif fi cile, 
Campylobacter, Salmonella, Shigella,  and  Escherichia coli 
O157:H7   [  85  ] . Most common organisms can be identi fi ed on 

stool culture.  C. dif fi cile  colitis seldom causes clinically 
signi fi cant LGIB  [  84  ] . 

 There is a bimodality in age-speci fi c incidence rate for 
IBD, with a second peak occurring between the ages of 
60–70  [  86  ] . Although gastrointestinal bleeding is common 
with IBD, severe hematochezia is infrequent. Neither ther-
apy for acute exacerbations nor for quiescent disease has 
been speci fi cally studied in the older population; however, 
general principles of management apply to this age group.  

   Neoplasms 

 Acute LGIB from colon carcinoma or colonic polyps is 
unusual, accounting for 5–11%  [  76  ]  and 2–8%  [  49  ]  of cases, 
respectively. Most often bleeding is occult. Bleeding occurs 
secondary to an overlying erosion or ulceration of the neo-
plasm and may be exacerbated by initiation of anti-thrombotic 
medications such as ASA, clopidogrel, or warfarin. Post-
polypectomy bleeding can occur within hours of the proce-
dure (in < 3% of cases), in particular after removal of sessile 
or large polyps  [  76  ] . Delayed post-polypectomy bleeding on 
average occurs after 6 days and is strongly associated with 
resumption of anticoagulation and with polyp diameter  [  87  ] . 
Prior ASA use has not been shown to be statistically signi fi cant 
in increasing risk of post-polypectomy bleeding  [  88  ] . Current 
guidelines for the management of anticoagulation prior to 
colonoscopic polypectomy recommend normalization of the 
INR for the procedure  [  89,   90  ] .  

   Internal Hemorrhoids 

 Hemorrhoids are the second most common cause of hemato-
chezia  [  68  ] . They account for 10–20% of LGIB  [  50  ] . LGIB 
often presents with intermittent low-volume bleeding that 
coats the stool. Hemorrhoids are usually treated with stool 
softeners,  fi ber supplements, sitz baths, and steroid-containing 
suppositories. Direct current electrocoagulation, surgical 
treatment, or endoscopic therapy may be necessary to treat 
severe bleeding.  

   Less Common Causes 

 LGIB from radiation proctitis and anal  fi ssures is rare. 
Symptoms of radiation proctitis range from rectal bleeding 
to tenesmus and diarrhea, and thermal therapy has been 
described as effective. When anal  fi ssures are the cause, 
patients usually experience severe pain upon bowel move-
ment. Anal  fi ssures can be treated with a combination of 
topical calcium channel blockers,  fi ber supplements, stool 
softeners, and sitz baths. 
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  Key Points 

    In the elderly there is a higher incidence, morbidity, and • 
mortality rate associated with gastrointestinal bleeding 
episodes.  
  The main causes of UGIB are peptic ulcers, esophagitis, • 
esophageal or gastric varices, gastric tumors, and portal 
hypertensive gastropathy, with peptic ulcers being the 
most common.  
  Initial evaluation including history taking, rectal exami-• 
nation, laboratory testing, and nasogastric tube aspiration 
ought to be undertaken simultaneously with resuscitative 
measures.  
  Endoscopic treatment options include thermal contact • 
probes, clipping, injections, and band ligation. 
Combination therapy may reduce the risk of re-bleeding 
better than monotherapy alone.  
  Expertise of the endoscopist or interventional radiologist, • 
the type and location of lesion and its risk of re-bleeding 
dictate the best management route.  
  Surgical intervention is generally resorted to in cases of • 
severe GI bleeding, when endoscopic therapy fails or in 
recurrent bleeding episodes.  
  The risk of UGIB from peptic ulcer disease is increased in • 
elderly patients with a history of smoking, alcohol use, 
corticosteroid use or on anticoagulant/antiplatelet therapy 
while using NSAIDs.  
  Continued PPI therapy is necessary in patients who have • 
a history of ulcer bleeding and require NSAIDs or cardio-
vascular prophylaxis.  
  Lower gastrointestinal bleeding is most commonly caused • 
by diverticular disease, internal hemorrhoids, colitis, neo-
plasms, and angiodysplasias.  
  Ef fi cient cleansing of the colon, which is accomplished • 
by using osmotically acting cathartics such as sodium 
phosphate, magnesium citrate, and polyethylene glycol/
electrolyte lavage solutions, is essential for optimal 
endoscopic evaluation. Adverse effects may result from 
use of magnesium and sodium-based products and 
should, therefore, be administered with caution in the 
elderly.           
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         Introduction 

 Liver volume and blood  fl ow have been shown to decrease 
by 20–40% between the third and the tenth decade of life 
(Fig.  37.1 )  [  1,   2  ] . In addition, hepatocyte proliferative 
response, which has implications in hepatic regeneration 
after liver disease or partial hepatectomy, appears to decline 
in the elderly, and has been linked to a reduction in hepato-
cyte telomere length  [  3,   4  ] . Despite these well-documented 
age-related changes in hepatic function, aging is not associ-
ated with signi fi cant abnormalities in most of the blood tests 
commonly performed to assess liver function  [  1  ] . However 
abnormal liver function tests are a common reason for refer-
ral to a specialist; investigating the older adult with abnormal 
liver function tests is hence common  [  5  ] .  

 The commonly performed clinical liver function tests are 
summarized in Table  37.1  and the typical abnormalities in 
liver function tests in selected liver diseases are shown in 
Table  37.2 . Though age by itself is not associated with speci fi c 
changes in these tests, abnormal results are increasingly rec-
ognized in older adults secondary to the twin epidemics of 
hepatitis C and nonalcoholic fatty liver disease. In addition to 
demographic trends in the older population, use of potentially 
hepatotoxic medications to treat comorbid states, and the 
widespread availability of automated liver function tests, con-
tributes to the physician encountering abnormal liver function 
tests routinely  [  6–  9  ] . It has become common practice to 
obtain automated liver function tests during periodic health 
screening, blood banking, insurance physicals, and hospital-
izations for unrelated illnesses  [  6  ] . The results of these tests 

need to be interpreted in the context of the patient’s risk fac-
tors for liver disease, local epidemiology, symptoms, physical 
 fi ndings, and other laboratory or imaging  fi ndings  [  10  ] . These 
 fi ndings are summarized in Table  37.3 .     

   Tests of Hepatocellular Injury 

    Classifying the magnitude of aminotransferase alteration as 
“mild” (arbitrarily de fi ned as <5 times the upper limit of nor-
mal (ULN)), “moderate” (5–15 times the ULN), or “marked” 
(>15 times the ULN) can be diagnostically useful  [  6  ] . 

 Though the ULN for alanine aminotransferase (ALT) has 
traditionally been set at 40 U/L, this had been calculated 
from reference populations which likely included persons 
with nonalcoholic fatty liver disease  [  11  ] . Analysis of a large 
group of individuals with normal body mass index; normal 
serum cholesterol, triglyceride, and glucose levels; and no 
concurrent medication use identi fi ed the ULN to be 30 U/L 
in men and 19 U/L in women  [  11  ] . A larger population study 
in Israel evaluating individuals with normal triglycerides, 
cholesterol, glucose, and HbA1c and receiving no hepato-
toxic medications identi fi ed 37.5 U/L as the ULN  [  12  ] .
    1.     Conditions with mild aspartate aminotransferase (AST), 

ALT elevation  
   Mild aminotransferase elevations are found in approxi-

mately 5% of the US population above the age of 70, and 
are often asymptomatic and not associated with other 
liver function abnormalities  [  13  ] . Nonalcoholic fatty liver 
disease is considered to be the most common etiology for 
the aminotransferase elevation in patients with mild ami-
notransferase elevation  [  13,   14  ] . High alcohol intake, 
hepatitis B or C infection, and iron overload, traditionally 
considered to be the most common causes of mild amin-
otransferase elevation, account for only a minority of 
cases of aminotransferase elevation among these patients 
 [  13,   14  ] . However, given the potential for treatment, these 
conditions should be sought for in all patients with amin-
otransferase elevation. Five to  fi fteen percentage of people 
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over the age of 65 are reported to abuse alcohol, with 
alcohol consumption on the increase in this age group 
based on recent epidemiological studies  [  15,   16  ] . Chronic 
hepatitis C and hepatocellular carcinoma are two other 
liver diseases that are particularly more common in older 
adults  [  17–  19  ] . The incidence of hepatocellular carci-
noma increases with age in patients with cirrhosis  [  20  ] . 
The prevalence of chronic hepatitis B is variable depend-
ing on geographic origin and other risk factors  [  18,   19  ] .  

    2.     Conditions with moderate to marked AST, ALT elevation  
   Conditions causing moderate to marked increase in amin-

otransferase levels often follow typical temporal pro fi les. 
In ischemic hepatitis, aminotransferase levels reach the 
peak rapidly, and then decrease rapidly over a few days 
 [  5  ] . This process is relatively slower and typically hap-
pens over a period of weeks in the case of acute viral 
hepatitis  [  5  ] . The tempo could be fast or slow in drug-
induced hepatitis  [  5  ] . Acute biliary obstruction is marked 
by aminotransferase elevation that precedes elevation of 
markers of cholestasis  [  5  ] . Though relatively less com-
mon, autoimmune hepatitis must be considered in the dif-
ferential diagnosis of older patients presenting “acutely” 
with tenfold increase in aminotransferases, jaundice, and 
hyper-gammaglobulinemia to avoid delay in initiation of 
immunosuppressive therapy  [  17  ] .  

    3.     Signi fi cance of AST:ALT ratio  
   ALT is comparatively more speci fi c for hepatic injury as its 

distribution in the body is primarily limited to the liver and 
kidney, in contrast to AST which is more widely distributed 
 [  21  ] . Therefore, a disproportionate elevation of AST com-

pared to ALT raises the possibility of extrahepatic origin of 
aminotransferase elevation. An AST:ALT ratio of more 
than 2 is indicative of alcoholic liver disease, and is postu-
lated to result from the combination of direct toxicity of 
alcohol on the AST-rich mitochondria in the hepatocytes 
and the formation of AST–immunoglobulin complexes 
resulting in more prolonged serum half-life of AST  [  22  ] . 
Additionally, AST:ALT ratio above 1 is predictive of cir-
rhosis in many forms of chronic liver disease  [  23–  25  ] .  

    4.     Effect of aging  
   Similar to most liver function tests, there are no age-speci fi c 

changes in serum aminotransferase levels in older adults 
 [  8,   9  ] . Some studies have noted modest increases in AST 
levels with age  [  9,   26  ]  while others do not suggest a change 
with age  [  27  ] . Some studies have noted the levels of serum 
ALT to remain essentially unchanged with advancing age 
 [  9  ] , but others have found lower levels with advanced age 
 [  28  ] . Low ALT has been associated with frailty and reduced 
survival, but the relationship between ALT and survival 
disappears once frailty and age are included in the survival 
analysis, indicating that the effect of low ALT on survival 
is mediated by its association with frailty and increasing 
age  [  28  ] . A potential confounding factor in these studies is 
the effect of decline in renal function with advancing age 

  Fig. 37.1    Age-related decline in liver volume in humans (percentage 
of original volume) measured by ultrasound (from Schmucker  [  1  ] , 
reproduced with permission)       

   Table 37.1    Summary of liver function tests   

 Test 
 Liver function 
tested 

 Extrahepatic factors 
affecting the tests 

 Aspartate aminotrans-
ferase (AST) 

 Hepatocellular 
injury 

 Increased 
 Muscle injury 
 Hemolysis 

 Alanine aminotrans-
ferase (ALT) 

 Hepatocellular 
injury 

 Relatively more speci fi c 
for liver compared to 
AST; affected less by 
extrahepatic factors 

 Alkaline phosphatase 
(ALP) 

 Cholestasis  Increased 
 Bone disease 
 Tumors producing 
ALP 

  g -glutamyl-transferase 
(GGT) 

 Cholestasis  Increased 
    Heart failure 
 Cytochromal 
enzyme-inducing 
drugs 
 Alcohol 
 Smoking 

 Bilirubin  Hepatic uptake 
and transport 

 Increased 
 Hemolysis 

 Albumin  Hepatic protein 
synthesis 

 Decreased 
  Renal or GI losses 
 Malnutrition 
 Systemic in fl ammation 

 Prothrombin time  Hepatic protein 
synthesis 

 Increased 
 Fat malabsorption 
 Vitamin K antagonists 
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as chronic renal dysfunction has been shown to be associ-
ated with decrease in aminotransferase levels  [  29  ] .  

    5.     Extrahepatic in fl uences  
   The common extrahepatic causes of elevated aminotrans-

ferase levels are hemolysis and muscle injury  [  21  ] . As 
stated, alcohol can increase aminotransferase levels by both 
hepatotoxic effects and a direct effect on AST, resulting in 
the  disproportionately high elevations of AST compared to 
ALT, as observed in alcoholic liver disease  [  21  ] . Thyroid 
functional abnormalities may manifest with aminotrans-
ferase elevations in the absence of hepatic disease  [  30  ] .      

   Tests of Cholestasis 

 Tests of cholestasis include serum levels of alkaline phos-
phatase (ALP) and  g -glutamyl-transferase (GGT). Because of 
the multiple sources for ALP, hepatic origin of ALP often 
needs to be ascertained through estimation of the levels of 
either GGT or the isoenzymes of ALP. Of the two, estimation 

of GGT is preferred as it can be performed with an automated 
analysis rather than through sophisticated and expensive tech-
niques. A suggested approach to ALP elevation is given in 
Fig.  37.2 . Apart from primary liver disease, malignant hepatic 
metastasis and lymphoma can also cause elevation of hepatic 
ALP. Common extrahepatic causes of elevated ALP levels are 
bone disease and tumors producing ALP  [  21  ] .  

 The primary clinical utility of GGT is to con fi rm the hepatic 
origin of ALP  [  5  ] . Elevation of GGT disproportionate to the 
elevation of ALP (GGT:ALP ratio >2.5) indicates either extra-
hepatic origin of GGT as can happen in acute myocardial 
infarction, chronic obstructive pulmonary disease, and renal 
failure, or induction of hepatic GGT by alcohol or drugs  [  5  ] . 

 In addition to being a marker of cholestasis, ALP is 
in fl uenced by changes in bone turnover; serum levels pro-
gressively increase with age, with the rate of increase greater 
in women  [  26,   31  ] . In a study on laboratory values in healthy 
older individuals aged 60–90 years, ALP levels were in the 
46–122 range in males and 50–162 range in females  [  9  ] . The 
corresponding  fi gures in those older than 90 were 56–155 in 

   Table 37.2    Typical abnormalities in liver function tests in selected liver diseases   

 Aminotransferases  AST:ALT ratio  ALP  Bilirubin  Albumin 

 Ischemic hepatitis  Marked elevation  >1  Normal  Normal  Normal 
 Acute viral hepatitis  Marked elevation  <1  Normal or elevated  Elevated  Normal 
 Autoimmune hepatitis  Moderate elevation  <1  Normal or elevated  Normal or elevated  Normal or low 
 Alcoholic hepatitis  Mild to moderate elevation  >2  Normal or elevated  Elevated  Normal or low 
 Chronic viral hepatitis  Mild to moderate elevation  <1  Normal or elevated  Normal or elevated  Normal or low 
 Intrahepatic cholestasis  Normal or mild elevation  <1  Elevated  Normal or elevated  Normal or low 
 Biliary obstruction  Normal or mild elevation  <1  Elevated  Elevated  Normal or low 
 In fi ltrative/granulomatous 
liver disease 

 Normal or mild elevation  <1  Normal or elevated  Normal  Normal or low 

 Cirrhosis  Normal or mild elevation  >1  Normal  Normal or elevated  Low 

   Table 37.3    Typical features in selected liver diseases   

 Liver disorder  Suggestive clinical features  Potential con fi rmatory tests 

 Alcoholic hepatitis  Hepatomegaly 
 Prominent spider angiomata 

 Normalization of liver tests after a period 
of abstinence 

 Drug-induced liver disease  Temporal association with drug intake  Normalization of liver tests after discontinu-
ation of the drug 

 Nonalcoholic fatty liver disease  Features of metabolic syndrome 
 Viral hepatitis  Risk factors for viral hepatitis 

 Other blood-borne infections 
 Serological markers of viral hepatitis 

 Autoimmune hepatitis  Women 
 Hyperglobulinemia 

 Antinuclear antibody 
 Anti-smooth muscle antibody 

 Primary biliary cirrhosis  Middle-aged women 
 Long-standing pruritus 

 Antimitochondrial antibody 

 Primary sclerosing cholangitis  Young male 
 In fl ammatory bowel disease 

 ERCP, MRCP 

 Hereditary hemochromatosis  Arthropathy 
 Skin pigmentation 
 Diabetes 
 Erectile dysfunction 

 Increased transferrin saturation 
 Increased ferritin 
 Positive HFE gene mutation testing 



378 J. Alexander and K.V. Kowdley

males, and 43–160 in females  [  9  ] . An age-related increase in 
the GGT levels was also noted in the same study  [  9  ] . A study 
comparing GGT levels in women aged 21–34 years with 
women in the age range 75–91 years also found higher GGT 
levels in older women  [  32  ] . However, another study found no 
age-related changes in men or women  [  27  ] ; no age-adjusted 
reference limits are currently available for clinical use  [  8  ] . 

 Elevated levels of serum bilirubin can result from increased 
catabolism of hemoglobin, or decreased hepatic uptake, con-
jugation, or biliary secretion of bilirubin. Conditions causing 
increased catabolism of hemoglobin result in hyperbiliru-
binemia with bilirubin predominantly in the unconjugated 
form, as opposed to conditions causing decreased hepatic 

uptake, conjugation, or biliary secretion where the hyperbili-
rubinemia is predominantly in the conjugated form. A sug-
gested approach to evaluation of hyperbilirubinemia is 
summarized in Fig.  37.3   [  5  ] . Overall, there is very little 
change in serum bilirubin levels with aging  [  8  ] , though data 
does suggest a slight decrease with older age  [  9,   33  ] .   

   Tests of Hepatic Synthetic Function 

 Albumin level and prothrombin time are the two commonly 
used parameters for hepatic synthetic function  [  34  ] . Serum 
albumin, with its relatively long plasma half-life (20 days), is 

  Fig. 37.2    Approach to elevated serum alkaline phosphatase       
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a useful indicator of hepatic synthetic function in cirrhosis, 
but not in acute liver failure. Albumin may however be low 
in several conditions other than liver disease. These include 
nephrotic syndrome, malabsorption or protein-losing 
enteropathy, malnutrition, cancer, sepsis, extensive burns, 
pregnancy, and various in fl ammatory states  [  5,   35  ] . 

 Low albumin levels have been found to be a predictor of 
mortality in healthy older subjects after adjusting for age, 
sex, and lifestyle factors such as smoking, exercise, and alco-
hol consumption  [  36  ] . However, it has been shown that low 
serum albumin level is predictive of mortality only in the 
absence of signi fi cant in fl ammation as estimated by serum 
interleukin-6 levels  [  37  ] . 

 Aging per se appears to have minimal effect on serum 
albumin levels, with only minimal decline documented with 
increasing age     [  9  ] . Interestingly, the decrease in the lower 
limit of albumin is more pronounced than the decrease in the 
upper limit  [  9  ] . Another study reported a decline of only 
0.54 g/L for each decade of advancing age among healthy 
adults  [  38  ] . 

 Prealbumin, also called transthyretin, is a protein synthe-
sized in liver and with a short half-life of 2 days, whose 
main clinical use is screening of malnutrition and monitor-
ing of nutritional therapy, including in patients with liver 
disease  [  39  ] . As in the case of albumin, the use of prealbu-
min as a marker of hepatic synthetic function is limited by 

  Fig. 37.3    Approach to elevated serum bilirubin       
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malnutrition and in fl ammation which cause its levels to be 
reduced  [  40  ] . 

 Prothrombin time, which is determined by the hepatic 
 synthesis of vitamin K-derived coagulation factors II, V, 
VII, IX, X, and XI, is a useful marker of hepatic synthetic 
dysfunction in both cirrhosis and acute liver failure  [  5,   41  ] . 
Prothrombin time is incorporated in both Child–Pugh’s 
classi fi cation and the model for end-stage liver disease 
(MELD) for assessing prognosis in cirrhosis  [  42  ] . However, 
it has been shown that both prothrombin time and partial 
thromboplastin time overestimate the bleeding risk in cir-
rhosis, as these tests do not take into account the reduction 
in anticoagulant activity due to reduced hepatic synthesis of 
vitamin K-derived endogenous anticoagulants  [  43  ] . 
Additionally, prothrombin time can be prolonged in warfa-
rin treatment, de fi ciency in vitamin K, and consumptive 
coagulopathy  [  5  ] .  

   Liver Function Tests and Mortality 

 A follow-up of over 500,000 life insurance applicants sug-
gested a consistent progression of increasing risk ratios with 
increasing severity of liver function tests. With elevations of 
GGT or both AST and ALT elevations, mortality risk became 
elevated; this trend was evident with progressively higher 
levels of AST, ALT, and GGT  [  44  ] . Finally, variations in 
LFT proteins are under signi fi cant genetic and environmen-
tal control, although sex, alcohol, age, and BMI play roles; 
the genetic contributions may explain the wide variations in 
liver function in different individuals  [  45  ] . 

  Key Points 

    Liver function tests should be interpreted in the context of • 
clinical and epidemiological characteristics of the patient.  
  Aging by itself has limited effect on liver tests, but other • 
medical conditions associated with aging often in fl uence 
the liver function tests.  
  Paying attention to the magnitude and temporal pro fi le of • 
aminotransferase elevation is useful in differential 
diagnosis.  
  The  fi rst step in the evaluation of elevated cholestatic • 
markers is distinguishing between hepatic and extrahe-
patic origin.  
  Albumin and prealbumin can be useful markers of hepatic • 
synthetic function, but there are multiple other conditions 
that can affect these parameters.  
  Conventional tests of coagulation have limited utility in iden-• 
tifying bleeding risk, but have prognostic implications.          
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   Hepatitis A 

 According to the World Health Organization, approximately 
1.5 million clinical cases of hepatitis A occur worldwide 
annually  [  1  ] , but seroprevalence data indicate that tens of 
millions of hepatitis A virus (HAV) infections occur each 
year. Even though the prevalence of anti-HAV antibody is 
high among the older population (at 75%)  [  2,   3  ] , those who 
are not immune and acquire the infection are at increased risk 
of complications and higher likelihood for hospitalization. 

   Clinical Features and Diagnosis 

 Clinical illness varies from a mild  fl u-like sickness to fulmi-
nant hepatic failure. The average incubation period is 28 days 
(range, 15–50 days), following which symptoms include nau-
sea, abdominal pain, fatigue, fever, dark urine, and jaundice 
along with abnormal liver function including high transami-
nases and bilirubin. The illness is usually self-limited with 
most symptoms resolving within 2–4 weeks (Fig.  38.1 ). 
Rarely, HAV infection can cause a relapsing or cholestatic 
form of hepatitis lasting several months before eventual 
recovery. However, unlike hepatitis B and C, hepatitis A does 
not cause chronic infection and only rarely leads to fulminant 
hepatic failure. Fulminant hepatitis A is seen more commonly 
in patients with chronic liver disease, particularly when it is 
secondary to chronic hepatitis C virus (HCV) infection  [  4  ] .  

 The diagnosis of acute HAV infection is established by 
the detection of IgM antibodies to HAV (IgM anti-HAV). 

Following resolution, IgM antibody is replaced by immuno-
globulin G (IgG) anti-HAV, which remains detectable for 
life, and affords lifelong immunity (Fig.  38.2 ). People who 
have received hepatitis A vaccine will also have detectable 
total anti-HAV antibodies.   

   Treatment 

 HAV infection is usually self-limited and treatment is there-
fore supportive. The majority recover without sequelae. 
However, fatalities associated with the infection and the rate 
of hospitalization are more common with advancing age 
 [  1–  4  ] . Thus, special care is indicated for the elderly with 
acute infection.  

   Prevention 

 International travel remains the most commonly identi fi ed 
risk factor for acquiring HAV. Travel to endemic areas is com-
mon among older adults who now have increased life expec-
tancy and mobility. Therefore, all older travelers lacking 
naturally acquired immunity should be vaccinated at least 4 
weeks before travel. However, the elderly population may 
have suboptimal immune response to vaccination and hence 
HAV antibody status should be veri fi ed after vaccination.   

   Hepatitis E 

 Hepatitis E resembles HAV in mode of transmission, clinical 
presentation, and natural history. HEV is rare in the USA, 
although sporadic cases have been reported. HEV in endemic 
areas of the world is caused by genotypes 1 and 2. In the 
industrial world, HEV infection is caused by genotypes 3 
and 4, possibly acquired as a zoonotic infection. There are 
several reports of HEV evolving into a chronic infection in 
severely immunocompromised patients. 

      Viral Liver Diseases       

     Satheesh   Nair       and    Jihad   O.   Arteh             

  38

    S.   Nair, MD, MBBS   (*)
     Transplant Department ,  Methodist University Hospital ,
  1265 Union Avenue, S1007 ,  Memphis ,  TN   38104 ,  USA    
e-mail:  snair@uthsc.edu  

     J.  O.   Arteh, MD  
     Department of Internal Medicine ,  University of Tennessee 
Health Science Center ,   Memphis ,  TN ,  USA    



384 S. Nair and J.O. Arteh

 Acute hepatitis due to HEV is a self-limited disease, but is 
known to be more serious in the elderly. There are no FDA-
approved tests for diagnosing HEV, but IgM anti-HEV anti-
body testing is available commercially. Like HAV, detection of 
IgM anti-HEV indicates acute infection and IgG anti-HEV 
becomes positive when infection resolves. HEV PCR assays 
are also available and usually positive during the acute illness. 
These commercial assays are not well standardized and false 
positive tests are possible. HEV vaccine is likely to be avail-
able soon, having undergone successful phase 3 studies.  

   Hepatitis C 

 It is estimated that more than 170 million persons are infected 
with hepatitis C worldwide with an incidence of three to four 
million new cases annually. In the USA, 1.6% of the popula-
tion was positive for HCV antibodies (4.1 million anti-HCV-
positive persons)  [  5  ] . The prevalence of HCV in the geriatric 
population is projected to increase in the next 2–3 decades. 
Because of the longer duration of infection, older adults with 

  Fig. 38.1    Viral hepatitis: clinical presentations and outcomes       

  Fig. 38.2    Clinical and 
serological features of acute viral 
hepatitis A and E (modi fi ed from 
  www.cdc.gov    )       
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hepatitis C are more likely to have advanced disease. HCV is 
the leading indication for liver transplant in the USA and 
Europe. Twenty- fi ve to thirty percent of those chronically 
infected will progress to cirrhosis in 20–25 years after acquir-
ing the infection. The rate of progression depends on the age 
at which infection was acquired; when contracted at an older 
age, the disease progression is more rapid  [  6  ] . Once cirrhosis 
is established, the risk of liver failure is 5% every year and 
the risk of hepatocellular carcinoma (HCC) is 1–3%/year 
(Fig.  38.1 ). Several other factors have been linked with 
higher rate of disease progression  [  7,   8  ] . Figure  38.1  sum-
marizes the natural history of HCV infection. 

   Mode of Transmission and Risk Factors 

 HCV is transmitted primarily through exposure to infected 
blood and blood products. Most patients with HCV in a geri-
atric practice probably acquired the infection from the use of 
unsterilized syringes and needles or from blood transfusion 
prior to 1990  [  6  ] .  

   Clinical Features and Diagnosis 

 Majority of patients (80%) infected with HCV evolve into 
chronic hepatitis C, without presenting with an acute phase, 
with the remaining 20% spontaneously clearing the virus. 
Hence acute HCV is rarely encountered in clinical practice. 
Factors including younger age, female gender, certain major 
histocompatibility complex genes, white race, and interleu-
kin 28 gene polymorphism (IL 28 CC genotype) are associ-
ated with spontaneous clearance of HCV infection. Chronic 
HCV infection is asymptomatic and is routinely diagnosed 
during evaluation for elevated transaminases. In many 
instances, however, the initial presentation can be with symp-
toms and signs of liver failure, especially in geriatric patients, 
who may have acquired the infection 30–40 years earlier. 
Serum ALT and AST are typically elevated up to  fi ve times 
the upper limit of normal. Serum ALT is higher than AST in 
the milder stages of HCV but as the disease evolves into cir-
rhosis, AST/ALT ratio is reversed (serum AST > ALT). The 
diagnosis is established by demonstration of HCV RNA in 
the serum using polymerase-chain-reaction assay. The pres-
ence of HCV antibody indicates exposure, but testing for 
HCV RNA is required to diagnose active infection. Typically 
the HCV RNA levels are reported as IU/mL. HCV RNA 
level greater than 400,000 IU/mL is considered a “high” viral 
load and is indicative of lower response to treatment. 

 Liver biopsy remains the most accurate test for determining 
the severity of liver disease in chronic HCV infection. 
Fibrosis is typically classi fi ed from I to IV (METAVIR system, 
stage IV = cirrhosis). Liver biopsy may reveal the presence of 
concomitant diseases such as hemochromatosis, alcoholic 

hepatitis, and hepatic sarcoidosis. Several noninvasive sero-
logical tests help assess the  fi brosis, with some commercially 
available. An ultrasound scan, “ fi broscan,” seems promising, 
but is not widely available.    

 Liver biopsy can help in patient selection for treatment. 
Naturally, patients who have higher stages of  fi brosis (stage 
II or more) are likely to progress to end-stage liver disease 
sooner and hence are potential candidates for treatment. On 
the other hand a patient, who is older than 65 years with 
stage 0 (no  fi brosis) or stage I  fi brosis, 20–30 year after 
acquiring HCV, is unlikely to develop cirrhosis in the next 5 
years and can await more effective, safer therapy. Mild 
thrombocytopenia and reversal of AST:ALT ratio (AST > ALT, 
but AST/ALT ratio is <2) are markers for advanced  fi brosis 
(Stage III or IV) in patients with HCV.  

   HCV Genotypes 

 HCV viral genome exhibits substantial genetic variations; 
six major types of HCV, called genotypes, are identi fi ed 
worldwide. About 75% of patients in the USA have geno-
type 1 and 25% have genotypes 2 and 3. Within these geno-
types there are several subtypes and quasispecies. Genotypes 
do not in fl uence the natural history of HCV, but are major 
determinants of response to antiviral therapy.  

   Extrahepatic Manifestations 

 HCV infection is well known to be associated with membranous 
glomerulonephritis and mixed cryoglobulinemia, whereas its 
association with B cell lymphoma is not proven. There are 
reports of higher incidence of diabetes and increased insulin 
resistance in HCV patients, even in the absence of cirrhosis. It is 
not unreasonable to screen patients with diabetes for HCV and 
cirrhosis  [  9  ] . Insulin resistance is also associated with higher rate 
of progression of  fi brosis and is known to improve with HCV 
treatment  [  10,   11  ] . HCV antibody is frequently seen in patients 
with rheumatoid arthritis; HCV PCR is required to con fi rm the 
diagnosis of active infection. Conversely rheumatoid factor is 
present in many patients with HCV, but without any other evi-
dence of rheumatoid arthritis. A detailed review of extrahepatic 
manifestations of HCV was recently published  [  12  ] .  

   Treatment 

 The end point of HCV therapy is de fi ned as sustained viro-
logic response (SVR), meaning undetectable HCV RNA by a 
sensitive assay, 6 months after stopping the treatment. The rate 
of SVR for genotype 1 infection is 65–79%  [  13  ] , whereas for 
genotypes 2 and 3, SVR rate is 80–90%  [  14  ] . Typically geno-
type 1 patients are treated for 1 year and genotypes 2 and 3 
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patients are treated for 6 months. Shorter duration of treatment 
is possible in selected patients with genotypes  [  15,   16  ] . Once 
SVR is achieved, HCV RNA remains undetectable for pro-
longed periods of time (durability of response) and hence cli-
nicians use the term “cure” in patients who achieve SVR  [  17  ] . 
SVR is also known to decrease adverse outcomes in patients 
with cirrhosis, although these patients are still at risk for HCC 
 [  18  ] . Moreover, several studies have shown that  fi brosis is 
reversible in those who achieve sustained viral suppression in 
both HCV and HBV. 

 The current available treatment for HCV consists of a com-
bination of pegylated interferon alpha ribavirin, and an NS3 
protease inhibitor. Two types of pegylated interferons are 
available: peginterferon  a  2a (PEGASYS™, Genentech) and 
peginterferon  a  2b (PEG Intron™ Merck). Both are given as 
weekly injections. Ribavirin is administered orally every day 
in two divided doses. There are two types of protease inhibi-
tors available: telaprevir (Incivek™ Vertex) and boceprevir 
(Victrelis™ Merck)     [  19,   20  ] . Protease inhibitors are the  fi rst 
generation of directly acting antiviral agents (DAA) available 
to treat HCV. They are both given orally every 8 h. Interferon 
therapy is associated with several complications such as neu-
tropenia, thrombocytopenia, exacerbation of autoimmune dis-
orders, thyroid dysfunction, and retinal changes. In addition, 
10–15% of patients in the registration trials developed depres-
sion. It is important to know that interferon can worsen liver 
function in patients with cirrhosis and lead to decompensation. 
Therefore, eligibility for liver transplantation is an important 
consideration before treating cirrhotic patients. Ribavirin can 
cause hemolytic anemia, especially in patients with renal 
insuf fi ciency. The protease inhibitors can exacerbate the ane-
mia induced by ribavirin. Addition of protease inhibitors to the 
treatment regimen increases the cost of treatment of HCV sub-
stantially. In addition, development of resistance or selection 
of previously existing resistance mutations can be a major 
issue with these drugs. 

 The available data for treatment of hepatitis C in the elderly 
is scarce due to exclusion of subjects who were 65 years or 
older in many trials. Therapy-related complications are likely 
to be higher in older patients. Current American Association 
on Study of Liver disease guidelines (  www.AASLD.org     prac-
tice guidelines/HCV) do not stipulate an upper age limit for 
antiviral therapy. Therefore, advanced age alone should not 
preclude treatment in patients with hepatitis C who are other-
wise deemed appropriate candidates  [  21  ] . Patients older than 
65 years are likely to have advanced disease, and hence the 
response rate will be lower. Because of age and comorbidity, 
their ability to tolerate interferon is low, thus decreasing the 
response rate even further. Therefore, careful risk and bene fi t 
analysis is essential before initiating treatment in patients 
over 65 years. Since HCV is a relatively slow progressing 
disease, life expectancy of the patient is another important 
consideration when deciding on treatment. 

 In addition to genotype, several other factors adversely 
in fl uence response to interferon-based anti-HCV therapy. 
These are high pretreatment HCV RNA levels, older age, 
more advanced disease, coinfection with HIV, African 
American race, and inability to take 80% of recommended 
doses of interferon and ribavirin. In a landmark paper pub-
lished in 2009, Interleukin 28B (IL 28 is synonymous with 
interferon lambda) gene polymorphism was a major determi-
nant of response to interferon  [  22,   23  ] . For example, a 
Caucasian patient with IL 28B genotype CC has an almost 
80% chance for SVR  [  24  ] . However, it is likely that many of 
these host and virological factors will become irrelevant with 
the advent of more potent directly acting drugs (DAA). 
Unlike interferon, these agents directly target the HCV repli-
cation process by interfering with HCV proteases and RNA-
dependent polymerase. At this time, at least 55 small 
molecules targeting different components of HCV, viral 
entry, and release of HCV from the hepatocytes are in vari-
ous stages of development. As therapeutic options expand, 
HCV treatment will undergo radical changes in the near 
future. It is anticipated that in the next few years, HCV treat-
ment will comprise a cocktail of different classes of drugs 
such as protease inhibitors and polymerase inhibitors with-
out the need for interferon. Non-interferon-based regimens 
will signi fi cantly enhance the tolerability of therapy.   

   Hepatitis B 

 The incidence of hepatitis B infection in the USA is increas-
ing due to immigration from endemic areas. The Center for 
Disease Control recommends screening for all individuals 
from endemic countries (Far East, sub-Saharan Africa). HBV 
is parenterally transmitted and hence screening is recom-
mended for individuals with high-risk behavior or those with 
exposure to blood products or contaminated needles. 

   Clinical Features and Diagnosis 

 HBV can present as acute HBV, with a clinical presentation 
very similar to acute HAV (Fig.  38.3 ). Almost 90–95% 
patients with acute HBV spontaneously clear the infection 
and develop immunity. Five percent of patients, however, 
progress into chronic hepatitis B as evidenced by persistence 
of HBV surface antigen (HBsAg) beyond 6 months. Once 
chronic infection is established, HBV infection evolves 
through different stages based on the interaction with the 
immune system of the host (Fig.  38.2 ). Most chronic HBV 
encountered in adults over 65 years will be “e antigen”-nega-
tive chronic HBV and have “pre-core mutant HBV” (HBV 
lose the ability to produce HBV e antigen) and hence the typi-
cal serological pattern will be HBsAg antigen positive, HBV 

http://www.AASLD.org
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e antibody positive (anti-HBe), and HBV e antigen negative 
(HBeAg). HBV DNA and serum ALT levels will depend on 
whether the patient is in the inactive phase or the reactivation 
phase of chronic HBV infection    (Fig.  38.4 ).   

 It is important to note that unlike Hepatitis C, HBV can 
lead to HCC even in the absence of cirrhosis. Age is an impor-
tant risk factor for HCC in hepatitis B and hence older adults 
need close surveillance for HCC irrespective of the severity 
of liver disease. Other factors that increase the risk of HCC in 

patients with chronic HBV include male gender, family his-
tory of HCC, presence of cirrhosis, higher level of HBV 
DNA, and coinfection with HIV, hepatitis delta (HDV).  

   HBV Genotypes 

 Several genotypes of HBV are identi fi ed named A to F. Some 
genotypes are responsive to interferon (genotype A), while 

  Fig. 38.3    Events in acute viral 
hepatitis B (modi fi ed from   www.
cdc.gov    )       

  Fig. 38.4    Natural history of chronic hepatitis B infection       
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others are associated with higher risk of cancer (genotype C) 
 [  25  ] . But unlike HCV there are no de fi nitive treatment guide-
lines based on the genotype.  

   Reactivation of HBV 

 Since hepatitis B can be clinically silent in many, it is rele-
vant to screen for HBV markers (HBsAg) in patients sched-
uled for immunosuppressive treatments such as prolonged 
course of steroids, chemotherapy, or anti-TNF alpha agents 
 [  26  ] . If a patient is HBsAg positive, prophylaxis is recom-
mended for the entire period of immunosuppressive therapy 
and 6 months following completion of immunosuppressive 
therapy. Any of the oral antiviral agents can be used for pro-
phylaxis but entecavir or tenofovir is preferred. Even in 
patients with prior infection (negative HBsAg, positive 
HBcore Ab, Table  38.1 ) a small amount of HBV DNA could 
be present in the hepatocytes and reactivation is possible. 
Prophylaxis may be indicated in these patients also.   

   Treatment of HBV 

 Primary goal of HBV treatment is to limit progressive liver 
injury; hence treatment is reserved for patients with evidence 
of liver injury on liver biopsy or elevated ALT  [  27,   28  ] . 
Patients in the “inactive stage” of the liver disease should not 
be treated as the effectiveness of treatment is not clear in this 
situation. Similarly patients in the immune tolerant phase 
should not be treated (Fig.  38.2 )  [  27  ] . HBV treatment has 
evolved over the last 10 years with the advent of potent anti-
viral agents. Earlier antiviral agents such as lamivudine 

(Epivir™) and adefovir (Hepsera™) are no longer used as 
 fi rst-line therapy for HBV because of unacceptably high rate 
of resistance. As per recent guidelines, the  fi rst line of treat-
ment is entecavir (Baraclude™ 0.5 mg/day PO, nulcleoside 
analogue), tenofovir (Viread™ 300 mg PO/day nucleotide 
analogue), or pegylated Interferon (PEGASYS 180  m g/
week). Unlike HCV, HBV is treated with a single drug. The 
only instance to use two drugs is following resistance to one 
of the drugs. Both entecavir and tenofovir are well tolerated 
and have excellent resistance pro fi les. Interferon is contrain-
dicated in patients with cirrhosis due to risk of liver failure 
with treatment-associated  fl ares. On the other hand both 
entecavir and tenofovir are well tolerated even in decompen-
sated cirrhotic patients  [  29  ] . It is worth noting that current 
HBV treatment will not cure HBV infection (HBsAg loss) in 
most patients even with prolonged treatment. In HBe 
Ag-negative individuals, the clearance of HBsAg is only 5%. 
This is in contrast to HCV, where the majority can be “cured” 
with a complex regimen of antiviral agents in near future. 

 Since HBV infection cannot be cured, surrogate goals of 
treatment are often used. These include the following: con-
version of anti-HBe antibody positivity to negativity in 
HBeAg-positive patients (immune clearance phase) and 
decrease in HBV DNA to undetectable levels and eventually 
improve the liver histology in HBeAg-negative patients    (reac-
tivation phase). Since the majority of patients over 65 years 
are HBeAg negative, the treatment is usually lifelong. This is 
a relevant consideration when instituting treatment for HBV. 
HIV and HBV coinfection also demands special attention; the 
choice of agents depends on whether HIV needs treatment. If 
HIV is to be treated, tenofovir is the agent of choice as it has 
excellent activity against both HIV and HBV. There is no age 
limit to treat HBV as the treatment is well tolerated.   

   Table 38.1    Viral hepatitis serology and interpretation   

 IgM anti-HAV antibody  Acute hepatitis A 
 IgG anti-HAV antibody  Previous exposure. Immunity 
 IgM HEV antibody  Acute hepatitis E infection 
 IgG HEV  Prior infection 
 HCV antibody  Chronic hepatitis C or prior infection—no immunity 
 HCV RNA  Active HCV infection 
 IgM anti-HB core Ab  Acute HBV (rarely seen in reactivation phase) 
 IgG HB core Ab  Prior exposure to HBV 
 HBsAg  Active HBV infection (>6 months indicates chronic HBV infection) 
 Anti-HBsAb  No active HBV and immunity 
 Anti-HBsAb(+) and IgG HBcore Ab(+)  Resolved HBV infection 
 Anti-HBsAb(+) and IgG HBcore Ab(−)  Vaccination 
 Anti-HBsAb(−) IgG HBcore(+) HBsAg(−)  Prior infection (small % pt could have DNA in serum/liver-occult infection—risk of reactivation 

with immunosuppression) 
 HBe antigen  Active replication (immune-tolerant and immune-clearance phase) 
 Anti-HBe antibody  Inactive or reactivation phase or resolved HBV 
 HDV antibody  Infection/exposure 
 HDV PCR  Active infection 
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   Hepatitis Delta 

 Hepatitis D, being an incomplete virus, will only infect 
patients who have Hepatitis B surface antigen. It can be a 
coinfection: i.e., infect along with HBV or as superinfection 
(infection of a patient with already established HBV). HDV 
increases the severity of HBV infection or can cause acute 
exacerbation of chronic HBV. HDV is dif fi cult to treat; about 
25% response can be achieved with pegylated interferon 
 [  30  ] . HBV viral suppression will not affect HDV disease, 
unless HBV treatment results in HBsAg loss (Table  38.2 ).   

   Key Points 

    Hepatitis A presents as acute hepatitis and in most patients • 
resolves without complication.  
  Hepatitis E is rare and clinically resembles hepatitis A.  • 
  Hepatitis E infection carries a higher mortality in older • 
adults.  
  Most cases of acute HBV resolve but rarely develop ful-• 
minant hepatic failure.  
  About 5% of HBV infections go on to chronic state; most • 
chronic HBV infections in the older population are either 
in inactive carrier state or reactivation    phase.  
  Chronic hepatitis B can be effectively controlled by anti-• 
viral agents but HBV infection cannot be eradicated.  
  HBV can cause liver cancer even in the absence of cir-• 
rhosis; hence surveillance is indicated in select patients.  

  HCV is the most common viral hepatitis in the USA and • 
the leading cause of cirrhosis and liver cancer.  
  Acute HCV is rarely seen in clinical practice; most cases • 
are chronic HCV.  
  Hepatitis C can be cured by combination treatment in up • 
to 70–80% of patients.  
  Drugs that target HCV replication process are likely to • 
improve the treatment tolerability and ef fi cacy in the  
future.         
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  Widespread availability and use of imaging studies have led 
to an increase in the number of patients being evaluated for 
liver tumors. Most of these tumors are benign and require no 
further follow-up. The challenge is, however, to identify 
those tumors that are malignant. A combination of clinical 
history and radiological studies helps diagnosis in most cases 
(see Fig.  39.1 ). Patients with underlying liver disease, those 
presenting with abnormal liver function tests or signi fi cantly 
elevated tumor markers, are likely to have malignant disease. 
Since the risk of malignant disease increases with age, older 
patients with a liver mass require closer evaluation. In obese 
patients or alcoholics, abnormal fat distribution may mimic a 
tumor, at times followed by unnecessary interventions. With 
re fi nement and sophistication of imaging techniques, accu-
rate diagnosis can be reached without the need for tissue 
sampling  [  1  ] . A guided biopsy of the lesion may be required 
when the diagnosis is uncertain or malignancy cannot be 
excluded. Figure  39.1  outlines a practical approach to patients 
presenting with an incidental mass.  

   Benign Tumors of the Liver 

 Hemangioma (HA) and  focal nodular  hyperplasia (FNH) 
are the most common solid tumors of the liver in the clinical 
practice. Most benign tumors are easily diagnosed with 
contrast-enhanced computed tomography (CT) or magnetic 
resonance imaging (MRI)  [  2  ] . Once diagnosis is estab-
lished, HA and FNH typically do not require follow-up or 
treatment  [  2  ] . 

   Hepatic Angioma    

  Hepatic angioma  ( Hemangioma ,  HA ) is the most common 
benign mesenchymal tumor of the liver with prevalence in 
the range of 3–20%. HAs occur in all ages, but frequently 
detected in woman aged 30–50 years. They are often asymp-
tomatic and found incidentally on imaging studies. Large 
HA can present with rupture, bleeding, or compression of 
adjacent organs. The best imaging diagnostic method is con-
trast-enhanced MRI. Most HAs have benign course and 
remain stable over time.  

   Focal Nodular Hyperplasia 

  Focal nodular hyperplasia  is the second most common 
benign solid tumor of the liver comprising up to 8% of all 
hepatic tumors. The prevalence is estimated at 0.9% and 
occurs in both genders and across all ages, but predominantly 
in women of child-bearing years (20–40 years). Contrast-
enhanced CT scan or MRI aid diagnosis. 

 FNH is a benign tumor with no risk of malignant transfor-
mation, rupture, or hemorrhage. Malignant degeneration can 
occur in the telangiectatic variant of FNH.  

   Hepatocellular Adenoma 

  Hepatocellular adenoma  (HCA) occurs predominantly in 
women (aged 20–40 years) and strongly associated with 
estrogen use, and in men following use of anabolic steroids. 
Patients with glycogon storage disease (type 1 and 3) are also 
at increased risk for developing multiple HCA. HCAs are 
usually well circumscribed and are typically located in the 
right hepatic lobe. They tend to be solitary (in 70–80%) and 
range in size from <1 to 15 cm. 

 Most patients with small adenomas are asymptomatic. 
Complications arise only in large adenomas >5 cm in size. 
HCA can spontaneously rupture or bleed causing acute 
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abdominal pain or hemorrhagic shock. Malignant transfor-
mation has been reported in patients with large tumors. Some 
gene mutations can identify adenomas at risk for develop-
ment of malignant degeneration. Beta-catenin mutation is 
more prone to cytologic atypia and to development of hepa-
tocellular carcinoma (HCC). On the other hand, the TCF-1 
gene mutation is rarely associated with cytologic atypia or 
malignant changes. 

 Resection is recommended for large lesion, over 5 cm, 
symptoms attributable to HCA, or when there is suggestion 
of malignant transformation such as rapid growth, change in 
radiological appearances, or elevated alpha feto protein 
(AFP). Most older adults can safely undergo elective liver 
resection without major complications. Laparoscopic surgi-
cal resection has become the standard of care in treatment of 
benign tumors of the liver  [  2  ] . Discontinuation of hormonal 
therapy may lead to resolution of adenomas.  

   Nodular Regenerative Hyperplasia 

 Nodular regenerative hyperplasia (NRH) is a benign prolif-
erative process in which normal hepatic parenchyma is trans-
formed into small regenerative nodules of hepatocytes with 
minimal or no associated  fi brosis. It affects men and women 
equally and is more common in the elderly. A wide spectrum 
of systemic diseases and drugs have been associated with 
NRH including rheumatoid arthritis, connective tissue disor-
ders, myeloproliferative disorders, lymphoproliferative dis-

orders, amyloidosis, polyarteritis nodosa, bone marrow 
transplantation, and immunosuppressant drugs. These 
patients present with features of portal hypertension and may 
be mistakenly diagnosed to have cirrhosis. Liver function 
tests are normal, with liver biopsy often necessary for diag-
nosis. Treatment addresses the underlying cause and portal 
hypertension.  

   Cystic Tumors 

  Simple cysts  are relatively common and found in about 1% of 
the population. They are asymptomatic and incidentally 
found on imaging studies at any age and are more prevalent 
in women. They do not require additional studies or 
treatment. 

  Polycystic liver disease  ( PCL ) is arbitrarily de fi ned as 
presence of more than 20 cysts in the liver. PCL is the pheno-
typic expression of two distinct inherited disorders. It may 
occur as a part of autosomal dominant polycystic kidney dis-
ease (gene mutations in PKD1 or PKD2) or as isolated PCL 
(gene mutations in PRKCSH  or  SEC63)  [  3  ] . Patients present 
with abdominal pain due to increasing liver volume caused 
by the cyst growth. Rare complications include portal hyper-
tension and malignant transformation of the biliary epithe-
lium lining the cysts. In most cases, liver function tests 
remain normal in all stages of the disease. Mild increase in 
gamma-glutamyl transferase (GGT) may occur. Carbohydrate 
antigen (CA 19-9) can be elevated even in the absence of 

  Fig. 39.1    Suggested evaluation 
of an incidentally detected solid 
liver mass       
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malignancy. Surgical deroo fi ng of the cyst or CT-guided 
aspiration may be performed when a large dominant cyst 
causes symptoms, but recurrence is common  [  4  ] . Somatostatin 
analogues, by inhibiting secretion from the cyst epithelium, 
show promise in decreasing cyst growth and reducing liver 
volume  [  5,   6  ] . Mammalian target of rapamycin (mTOR) 
inhibitors such as sirolimus may have a role. Liver transplan-
tation is the de fi nitive treatment of PCL  [  4  ] .   

   Malignant Liver Tumors 

   Intrahepatic Cholangiocarcinoma 

 Intrahepatic cholangiocarcinoma, sometimes referred to as 
peripheral cholangiocarcinoma, is a primary adenocarci-
noma of the liver arising from the intrahepatic bile duct epi-
thelium. It is the second most common primary hepatic 
neoplasm in adults, with the incidence increasing worldwide. 
ICC is more common in women and risk increases with age. 
Risk factors associated with ICC include primary sclerosing 
cholangitis, choledochal cysts, intrahepatic cholelithiasis, 
and  fl uke infestation ( Clonorchis sinensis  and  Opisthorchis 
viverrini ). Other risk factors reported include Hepatitis C 
infection, nonalcoholic liver disease, and obesity  [  7  ] . 

   Diagnosis 
 ICC is often detected as an incidental liver lesion on imaging 
performed for other purposes. In contrast-enhanced CT, ICC 
often has a rim-like area of hypervascularity surrounding a 
central area of low attenuation, followed by diffuse enhance-
ment of the mass with contrast in the delayed phase. On MRI, 
ICC is either isointense or hypointense on T1-weighted 
images and hyperintense on T2-weighted images. Liver 
biopsy is often required for accurate diagnosis. However, with 
poorly differentiated tumor or tumors where immunohis-
tochemical stains are not con fi rmatory, further evaluation of 
an extrahepatic primary tumor is warranted (see Fig.  39.1 ). 

 Tumors markers such as CA 19-9 or carcinoembryonic 
antigen (CEA) levels might be elevated, but these markers 
lack sensitivity and are not diagnostic of ICC.  

   Management 
 Several staging systems have been proposed for ICC  [  8  ] . 
Surgical resection of ICC is the only potentially curative option 
with reported 5-year survival after resection ranging from 14 
to 40%  [  7  ] . Vascular invasion and multiple lesions are associ-
ated with high recurrence rate and should not be considered 
for surgical resection  [  8  ] . For unresectable ICC, options 
include chemoembolization and radioembolization  [  9  ] . For 
metastatic or advanced cancer, systemic therapy with gemcit-
abine and cisplatin, or 5- fl urouracil can be considered  [  10  ] .   

   Hepatocellular Carcinoma 

 The incidence of HCC in the United States has been rising, 
with the rise attributable to an increase in the number of 
patients infected with hepatitis C for over 20 years  [  11  ] . 
Immigration to US from high endemic areas of Hepatitis B 
(HBV) is also increasing the incidence of HBV-related HCC. 

 The most important risk factor for HCC is cirrhosis 
(Table  39.1 ). Nonalcoholic fatty liver disease (NAFLD) is 
the leading underlying etiology of cirrhosis in patients over 
65 years. Early stages of cirrhosis due to NAFLD are clini-
cally silent and hence diagnosis of those at risk can be 
missed. In obese patients or long-standing metabolic syn-
drome, it is not unreasonable to screen for fatty liver and 
cirrhosis, especially if they manifest mild thrombocytopenia. 
HCC is increasingly seen in patients with cirrhosis due to 
NAFLD  [  12  ] . Obesity and diabetes also increase the risk of 
HCC, but it is not clear whether this is due to higher risk of 
NAFLD in these patients. Chronic HBV can cause HCC 
even without cirrhosis and therefore screening is recom-
mended in the subset of patients with HBV who are at high 
risk for HCC. HCV infection does not cause HCC in the 
absence of cirrhosis. Age is an important risk factor for 
HCC; geriatric patients should undergo rigorous screening 
for HCC if they have risk factors.  

 Screening of HCC is critical in identifying early stages of 
HCC, when curative treatment is possible. Evidence suggests 

   Table 39.1    Indications for screening for hepatocellular carcinoma 
(HCC) and risk of HCC  [  11,   12  ]    

 Disease  Risk 

  High risk  ( screening recommended ) 
  Hepatitis C with cirrhosis 
  Hepatitis B with cirrhosis 
  Primary biliary cirrhosis stage 4 
  Cirrhosis due to NAFLD a  

 3–5%/year 
 3–8%/year 
 3–4%/year 
 Unknown (likely high) 

  Risk not exactly known but high enough to recommend screening  
  Genetic hemochromatosis 
  Alpha 1 antitrypsin 
  Other cirrhosis 
  Asian males with HBV > 40 years 
  Asian female with HBV > 50 years 
   Chronic HBV carries with family history of 

HCC 

 Unknown 
 Unknown 
 Unknown 
 0.5%/year 
 0.5%/year 
 Unknown 

 North African men with HBV  Unknown 
 HBV with HIV coinfection  Unknown 

  Risk is not known but no recommendations to screen  b  
  Hepatitis C with stage 3  fi brosis 
  NAFLD with stage 3  fi brosis 
  Chronic HBV not belonging to above categories 

   a Cirrhosis due to NAFLD likely has high risk close to hepatitis C 
cirrhosis 
  b Many hepatologists opt to screen these patients at least yearly  
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that surveillance decreases mortality in patients with cirrhosis. 
Current recommendations dictate that all patients with cir-
rhosis, regardless of the underlying cause, be screened for 
HCC every 6 months using ultrasound examination. AFP is a 
widely available test, but can be normal up to 60% of HCC. 
Hence, AFP measurement alone is not an adequate screening 
test. A slightly elevated AFP is common in hepatitis C. It is 
sound clinical judgment to perform triple-phase CT scan or 
MRI if AFP is elevated beyond 50 ng/mL. AFP L3 and des- g -
carboxy prothrombin (DCP) are other tumor markers for 
screening, but no speci fi c recommendations exist (Table  39.2 ). 
Ultrasound, on the other hand, is operator-dependent and not 
very sensitive in a small cirrhotic liver. Therefore, most clini-
cians use a combination of AFP level and ultrasound every 6 
months to screen for HCC. Despite established guidelines 
and availability of screening methods, a large Veteran 
Administration (VA)-based study showed that very few 
patients with HCV cirrhosis received appropriate screening 
 [  13  ] , highlighting the need for awareness among medical pro-
fessionals about risk of and importance of screening. 
Abnormal  fi ndings in ultrasound should prompt speci fi c tests 
such as triple-phase contrast-enhanced CT or MRI.  

   Diagnosis 
 HCC should be suspected in any patient with a solid liver 
tumor. In the presence of underlying liver disease or cirrho-
sis, a solid tumor should be considered as HCC unless proven 
otherwise. Recommendations to evaluate a suspected nodule 
are described in the American Association for the study of 
Liver Diseases (AASLD) guidelines  [  14  ] . Typically, a three-
phase CT scan or MRI scan is diagnostic. Three-phase CT/

MRI utilizes the fact that HCC is supplied by hepatic artery 
and enhances with contrast on the arterial phase of CT scan 
and washes out during the portal venous phase. A biopsy is 
not needed once typical radiological features are seen on CT 
or MRI scans in patients with cirrhosis. Liver biopsy may be 
indicated in patients with atypical radiological characteris-
tics and in those without risk factors for HCC. Liver biopsy 
can determine the grade of HCC and provide additional 
prognostic information. In those without a history of cirrho-
sis, a biopsy of normal appearing (non tumor) liver paren-
chyma helps rule out cirrhosis, as this will be important when 
deciding feasibility of surgical resection.  

   Treatment 
 Figure  39.2  outlines the overview of the management options 
for HCC. The  fi rst step in the treatment of HCC is to deter-
mine the stage of HCC, severity of liver dysfunction, and 
degree of portal hypertension. Barcelona-Clinic Liver Cancer 
Group algorithm is the best management guideline and incor-
porates the stage of HCC, liver function, and the performance 
status of the patient  [  14  ] . Generally, surgical resection is 
reserved for smaller tumors with well-preserved liver function 
in the absence of signi fi cant portal hypertension. Liver trans-
plantation is the only hope for cure in patients with liver fail-
ure and HCC. Liver transplantation also offers the advantage 
of treating the underlying liver disease and alleviating the 
symptoms and complications of cirrhosis. Patient survival 
after liver transplantation is determined by the size and the 
number of HCC. “MILAN” Criteria are the most widely 
accepted and used criteria to determine the suitability of 
patients with HCC for liver transplantation  [  15  ] . MILAN 

   Table 39.2    Tumor markers and liver  [  14  ]    

 Tumor marker  Clinical correlation and use in clinical practice 

 1. Alpha feto protein  Should not be used alone for screening for HCC 
 High in pregnancy and germ cell tumors 
 Mild increase up to 50–100 ng/mL in hepatitis C due to in fl ammation 
 Close follow-up needed to rule out HCC 
 Regenerative phase following hepatocyte necrosis 

 AFP > 200 ng/mL 
 AFP > 500 ng/mL 
 AFP > 1,000 ng/mL 

 Highly suspicious for HCC 
 Get automatic upgrade on organ allocation system for HCC even without radiological evidence of tumor 
 Concerning for vascular invasion of HCC, increases the risk of recurrence following resection or 
transplantation 

 2. AFP L3 (glycosylated AFP)  Not useful for routine screening 
 May be useful when total AFP is elevated in the absence of radiological evidence of HCC 

 3. DCP (des gamma carboxy protein)  Not useful for routine screening 
 May be useful when total AFP is elevated in the absence of radiological evidence of HCC 

 4. CA 19-9  >100 ng/mL suspicious of cholangiocarcinoma; low speci fi city correlate with clinical  fi ndings 
 False elevation seen with high bilirubin (due biliary obstruction) 
 High CA 19-9 seen normally in cyst  fl uid on polycystic liver 

 5. CA 125  Can be high in Liver dysfunction, does not indicate any tumor 
 6. CEA  Slightly high in cholangiocarcinoma; clinical use is limited 
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 Criteria is de fi ned as one tumor less than 5 cm in size or up to 
three separate tumors all  £ 3 cm with no evidence of gross 
vascular invasion, or no regional or distant metastases.    Patients 
who meet “Milan Criteria” get a high priority on the trans-
plantation waiting list and are automatically granted additional 
points on the Model for End Stage Liver Disease (MELD) 
score for organ allocation system in the US (Policy   www.
UNOS.org    ). Some patients who do not meet the “Milan 
Criteria” can qualify for a downstaging protocol where the 
tumor size and/or number are reduced by chemoembolization 
or radiofrequency ablation  [  16  ] . Large tumors >8 cm or tumors 
with radiological evidence of vascular invasion are usually not 
considered for liver transplantation. Markedly elevated AFP 
levels (>1,000 ng/mL) are often an indication of tumor vascu-
lar invasion. Portal vein thrombosis in a patient with cirrhosis 
should raise suspicion for HCC and tumor thrombus.  

 Treatment of HCC in the elderly is challenging. Since 
HCC within the Milan Criteria is curable with liver transplan-
tation, it is important to determine whether the patients qual-
ify for liver transplantation. Many liver transplant programs 
are generally reluctant to offer a liver to a patient over 70 
years of age, but the decision is best individualized and based 
on overall functional status along with life expectancy in the 
absence of HCC  [  17  ] . Patients over 65 years with HCC who 
are not surgical or transplant candidates may be considered 

for alternative treatment strategies. Those with small HCC 
can bene fi t from targeted treatment of the tumor using percu-
taneous radiofrequency ablation, transarterial chemoembo-
lization, or transarterial radiation beads. These procedures, 
while not as effective as liver transplantation in terms of sur-
vival, offer reasonable disease control and life expectancy. 
Moreover, these treatments are well tolerated and mostly per-
formed as outpatient procedures in experienced centers. It is 
common to see older patients preferring minimally invasive 
therapies even if they are suitable candidates for resection, 
primarily because of less morbidity. 

 Patients with large tumors can potentially bene fi t from 
palliative treatments. Multitargeted tyrosine kinase inhibi-
tors that affect the cellular proliferation and angiogenesis are 
approved to treat patients with advanced HCC. A large phase 
3 randomized controlled study using sorfaenib was prema-
turely terminated because signi fi cant bene fi t was seen in the 
treatment arm  [  18  ] . Several drugs in this category are under 
development and presently approved only for advanced HCC 
 [  19  ] . The drugs may serve as a useful bridge to liver trans-
plantation and more de fi nitive treatments. 

 Some tumors exhibit  mixed HCC and cholangiocarci-
noma  features on histology. High rate of recurrence and 
lower survival were seen in patients with mixed tumors who 
underwent liver transplantation  [  20  ] .    

  Fig. 39.2    Treatment options for hepatocellular carcinoma       
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   Liver Metastases 

 Metastases are the most common malignant liver tumors and 
occur 20 times more frequently than primary hepatic neo-
plasms. Most metastases typically manifest as multiple dis-
crete lesions, but may present as a solitary mass. The 
radiological appearance of the tumors vary depending on 
tumor vascularity. Colon, breast, lung, and gastric carcino-
mas are the most common causes of hypovascular liver 
metastasis. Hypervascular metastases are usually from neu-
roendocrine tumors (e.g., carcinoid, pheochromocytoma, 
and islet cell tumors), renal cell carcinoma, melanoma, thy-
roid carcinoma, and choriocarcinoma. Breast carcinoma and, 
rarely, pancreatic adenocarcinoma can also cause hypervas-
cular metastases. Usually liver biopsy is required for diagno-
sis unless a primary site is already known. 

 Signi fi cant advances have occurred in the management of 
patients with metastatic colon cancer and neuroendocrine 
tumors. A multidisciplinary approach has resulted in good 
outcomes in select patients with colon cancer metastasis. 
Systemic chemotherapy/local therapy followed by surgical 
resection have achieved excellent survival in solitary meta-
static lesion from colon cancer  [  21  ] . 

 Neuroendocrine tumors are typically slow growing and 
selected patients with liver metastasis can bene fi t from 
liver transplantation  [  22  ] . Two randomized controlled trials 
have shown promise with kinase inhibitor and mTor inhibi-
tor in the treatment of metastatic neuroendocrine tumor 
 [  23,   24  ] .  

   Rare Tumors 

 Rare vascular tumors of the liver include epithelioid heman-
gioendothelioma (EHE), hepatic angiosarcoma, hepatic 
Kaposi sarcoma, and spongiotic pericytoma. EHE can be 
treated with liver transplantation if there is no extrahepatic 
disease. Primary hepatic lymphoma is rare, but responds to 
systemic chemotherapy. 

  Key Points 

    Incidence of hepatocellular carcinoma is on the increase.  • 
  A contrast-enhanced CT scan or magnetic resonance • 
imaging (MRI) can be diagnostic for some liver tumors 
and a biopsy may not be required.  
  MILAN Criteria are the most widely accepted and used • 
criteria to determine the suitability of patients with hepa-
tocellular carcinoma (HCC) for liver transplantation.  
  Liver transplantation offers the best means for survival in • 
patients with hepatocellular carcinoma.  

  Drugs that target angiogenesis and cellular proliferation • 
are likely to improve survival in some patients with hepa-
tocellular carcinoma and neuroendocrine tumors.          
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 Fatty liver, once considered to be a benign term for accumu-
lation of lipids in the liver in many overweight individuals, is 
currently considered the most common form of “liver dis-
ease” with albeit a small potential for cirrhosis and even 
hepatoma. “Cryptogenic cirrhosis” was a term once popular 
in describing cirrhosis of the liver with no identi fi able etio-
logical factors; currently, it is clear that “cryptogenic cirrho-
sis” in older adults is secondary to accumulation of fat in the 
liver from decades earlier  [  1–  4  ] . 

 The term “non-alcoholic steatohepatitis,”  fi rst described 
as a clinical entity by Ludwig et al.  [  5  ] , was used to describe 
liver biopsy  fi ndings resembling alcoholic hepatitis in 
patients who did not have a history of heavy drinking. The 
umbrella term, nonalcoholic fatty liver disease (NAFLD), is 
now a part of a spectrum of liver disorders that begins as 
NAFLD and may progress to steatohepatitis (NASH) and 
rarely to cirrhosis and even hepatoma. Many causes contrib-
ute to the development of fatty liver (Table  40.1 ), with the 
presence of fat in the liver considerably abnormal. By itself, 
however, the presence of fat in the liver should not cause 
harm or permanent damage.  

 NAFLD is a common chronic liver disorder in adults 
worldwide  [  6,   7  ] . NAFLD-related cirrhosis is becoming the 
most common cause of cirrhosis, a cause of primary hepato-
cellular carcinoma, and rarely intra-hepatic cholangiocarci-
noma  [  8–  10  ] . 

 NAFLD and NASH represent the hepatic manifestation of 
“metabolic syndrome”  [  11,   12  ]  (Table  40.2 ), comprising 
central fat distribution, obesity, diabetes, dyslipidemia, 
hypertension, and atherosclerotic cardiovascular disease 

 [  13  ] . It is well established that obesity is growing rapidly in 
the USA and in other parts of the world  [  14–  17  ] . The National 
Health and Nutrition Examination Survey (NHANES) data 
from 2007 to 2008 indicate the prevalence of obesity in the 
US to be 32.2% among adult men and 35.5% among adult 
women  [  17  ] .  

 Even developing nations are noticing similar trends  [  15  ] . 
For example, in India where malnutrition is still rampant, 
NAFLD is present in a third of the urban population  [  7  ] . 
South Asians (from India, Pakistan, Nepal, Malaysia, 
Bangladesh, Sri Lanka) in particular have a high prevalence 
of the metabolic syndrome, abdominal obesity, diabetes, and 
NAFLD, even though they may have normal BMI (body 
mass index) by Western standards  [  7  ] . The additional weight 
increases the risk of comorbidities, functional decline, 
impaired health-related quality of life (HRQL), increased 
use of health resources, and mortality  [  18,   19  ] . 

 As the obesity epidemic increases worldwide, the inci-
dence and prevalence of NAFLD is also expected to rise 
 [  20  ] . Diabetes, hypertension, dyslipidemia (components of 
metabolic syndrome), arthritis, and certain cancers (breast, 
adenocarcinoma of esophagus, pancreas, and colon) are 
some comorbidities in the obese adult  [  21  ] . 

   Epidemiology and Prevalence of NAFLD 
and NASH 

 The exact prevalence of NAFLD or NASH is dif fi cult to 
determine since only a subset of the population undergo bio-
chemical or early imaging studies and a smaller subset, liver 
biopsy, the “gold standard.” The prevalence of NAFLD in the 
general population ranges from 20 to 40% and increases with 
age  [  22,   23  ] . The prevalence of NAFLD after age 75 tends to 
decrease perhaps due to early mortality from comorbid effects 
of the metabolic syndrome  [  24,   25  ] . An Italian population 
survey based on abdominal ultrasound noted the frequency of 
steatosis to be 16.4% in the general population, 46.4% in 
alcoholics, but as high as 75.8% in obese subjects, and 94.5% 
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of obese alcoholics  [  26  ] . The overall prevalence of NAFLD 
among type 2 diabetics ranges from 40 to 70%  [  27  ] . 

 NAFLD affects all age groups and races, but men are 
more at risk for developing the disease. The prevalence of 
NAFLD is greater among Hispanic Americans and Caucasians 
than in African Americans  [  22  ] . South Asian populations, 
for reasons mentioned earlier, represent a growing popula-
tion with NAFLD  [  6,   28,   29  ] . 

 Any level of obesity increases the prevalence of NAFLD 
in the patient with diabetes mellitus  [  30,   31  ] . NAFLD, 

although primarily associated with increased central obesity 
and visceral fat, is also seen in lean individuals who do not 
meet the criteria for overweight or obesity categories  [  32–  35  ] . 
Most South Asians may have normal BMI and waist circum-
ference and waist:hip ratio, but yet demonstrate metabolic 
syndrome and NAFLD (Table  40.2 ). Hence, diagnostic crite-
ria for obesity in South Asians have been recently modi fi ed. 

 Nonalcoholic steatohepatitis (NASH), the second stage of 
fatty liver disease, is estimated to affect 19% of the obese U.S. 
population  [  30,   31  ] . In the morbidly obese, the prevalence of 
NAFLD is as high as 95%, while the prevalence of NASH 
may be close to 25%  [  36  ] . NASH is a more aggressive condi-
tion that is associated with in fl ammation, hepatocyte injury 
and/or hepatic  fi brosis, and ultimately cirrhosis. Cirrhosis is 
irreversible resulting in multiple, systemic sequelae.  

   Diagnosis of NAFLD and NASH 

   Clinical Evaluation 

 Most people with NAFLD are asymptomatic. Fatigue, weight 
loss, weakness, and right upper quadrant abdominal pain are 
rare, and signs including jaundice, ascites, gynecomastia, 
and spider angiomata are noted only in advanced stages of 
the disease. In 15–50% of cases, liver  fi brosis or cirrhosis are 
seen as the initial presentation  [  37  ] . 

 The majority of patients come to the clinician’s attention 
usually because of abnormal serum aspartate aminotrans-
ferase (AST) or alanine aminotransferase (ALT) levels noted 
in routine serologic examination. No speci fi c serologic mark-
ers for NAFLD are available. Testing is done to exclude other 
liver diseases such as hepatitis B, hepatitis C, autoimmune 
hepatitis, primary biliary cirrhosis, hereditary hemachroma-
tosis, Wilson’s disease, or alpha-1 antitrypsin de fi ciency. 
Markers of metabolic syndrome, including hemoglobin-A1c, 
increased total cholesterol, increased low density lipopro-
teins (LDL), and increased triglycerides, should alert clini-
cians to the possibility of concomitant NAFLD. Patients with 
NAFLD usually have mild (two to threefold) elevation of 
serum AST, ALT or both and rarely more than 3 times the 
upper limit of normal  [  38  ] . Alkaline phosphatase or gamma-
glutamyltransferase may also be mildly elevated, but seldom 
in the absence of AST, ALT abnormalities  [  39  ] . Autoantibodies 
may be positive in patients with NAFLD in the absence of 
autoimmune hepatitis  [  40  ] . The international normalized 
ratio (INR), serum bilirubin, and serum creatinine may be 
abnormal in advanced disease. 

 The goals in the diagnosis are to con fi rm the etiology of 
liver disease, to evaluate the speci fi c type of fatty liver, and 
to establish clinical severity. A diagnosis of NAFLD requires 
that (a) the patient has no prior history of signi fi cant alcohol 
consumption (typical threshold is <20 g/day for women and 

   Table 40.1    Causes of fatty liver disease  [  1 – 3 ,  5  ]    

 Insulin resistance and hyperinsulinemia 
  Obesity (central distribution) 
  Type 2 diabetes mellitus 
 Drugs 
  Valproic acid 
  Aspirin 
  Acetaminophen 
  NSAID (naproxen, ibuprofen, ketoprofen) 
   Nucleoside analogs (ziduvudine, didanosine, zalcitabine,  fi aluridine) 
  Corticosteroids 
  Tamoxifen 
  Estrogens 
  Amiodarone 
  Calcium channel blockers 
  Chloroquine 
 Metabolic 
  Wilson disease 
 Nutritional 
  Starvation 
  Protein de fi ciency 
  TPN 
  Gastrointestinal surgery for obesity 
 Infections 
  Chronic hepatitis C 
 Toxins 
  Environmental toxins 
  Ethanol 
  Toxic shock syndrome 
 Other 
  HIV  [  114  ]  
  In fl ammatory bowel disease 

   Table 40.2    Components of the metabolic syndrome  [  7 ,  13 ,  32 ,  35  ]    

 Abdominal obesity (waist circumference in men >40 in. and in 
women >35 in.) 

 Triglycerides  ³ 150 mg/dL 
 HDL cholesterol <40 mg/dL in men and <50 mg/dL in women 

 Blood pressure  ³ 130/85 mmHg 

 Fasting glucose  ³ 110 mg/dL 

   Note : For Asians, the criteria differ: fasting glucose  ³ 100 mg/dL; 
abdominal obesity is described as waist circumference in men >35.4 in. 
and in women >31.5 in.  [  7  ]   
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<30 g/day for men)  [  41  ]  (b) other liver diseases, including 
hepatitis C, hemochromatosis, alpha-1 antitrypsin de fi ciency, 
and Wilson’s disease are ruled out, although NAFLD can 
occur in conjunction with the above-mentioned diseases, 
and (c) histopathologic features of NAFLD are con fi rmed in 
liver biopsy.   

   Imaging Studies 

 Imaging studies, including abdominal ultrasound, CT scan 
of the abdomen/pelvis, magnetic resonance imaging (MRI), 
and magnetic resonance spectroscopy (MRS), can detect 
fatty in fi ltration of the liver. Ultrasonography is a relatively 
simple, cost-effective, and noninvasive study most com-
monly employed to detect steatosis, with a sensitivity of 
66–100% for a fat content of >33%  [  32,   42  ] . The fatty liver 
is diffusely echogenic and bright and depicted in ultrasound. 
Cirrhosis can have a similar picture  [  43  ] . 

 The diagnostic sensitivity/speci fi city of ultrasound in 
thin individuals is high (100% and 91–97%, respectively), 
but in the mildly obese (category of most patients with fatty 
liver) the diagnostic accuracy of ultrasound declines  [  44  ] . 
Noncontrast CT scan of the abdomen gains accuracy in 
predicting steatosis only when the steatosis is greater than 
30%  [  45  ] . In those with more accumulation of fat, the diag-
nostic accuracy increases with liver-spleen attenuation 
ratios  [  45,   46  ] . 

 Although MRI is useful in the diagnosis of NAFLD, it is 
expensive and is not justi fi able for the evaluation of an 
asymptomatic, common problem. MRI cannot be performed 
in those with implantable devises and is a dif fi cult examina-
tion for claustrophobics. Both problems may be encountered 
in the older adult. 

 None of the above imaging studies differentiate between 
steatosis (NAFLD) and steatohepatitis (NASH). 

 Since liver biopsy, an invasive test, is not appropriate or 
practical, it may not be prudent to subject an older adult to 
liver biopsy in the absence of compelling indications. Several 
studies have looked at transient elastography, an ultrasound-
based technology that measures liver stiffness and clinical 
scores  [  47,   48  ] . A stepwise decrease in elasticity is seen in 
hepatic  fi brosis  [  49  ] ; however, elastography and clinical 
scores only indicate the degree of  fi brosis and do not predict 
the disease progression. An MR equivalent of the above is 
being investigated. Early studies demonstrate a 98 and 99% 
sensitivity and speci fi city for identifying  fi brosis  [  50  ] . 

 The NAFLD Fibrosis Score and FIB4 score are examples 
of validated nonproprietary clinical scores for estimating 
severity of liver  fi brosis; the ELF (Enhanced Liver Fibrosis) 
test and Fibrotest are proprietary for the noninvasive assess-
ment of liver  fi brosis based on clinical biochemical indices 
and panels of speci fi c serum markers  [  41  ] .   

   Pathophysiology 

 The exact pathogenesis of NASH is largely unclear  [  51  ] . The 
“two-hit” hypothesis, developed in 1998 by Day et al., is the 
leading theory in the pathogenesis of NASH  [  52  ] . The  fi rst 
hit is insulin resistance, which is believed to lead to the accu-
mulation of triglycerides in hepatocytes. This results from 
increased synthesis of fatty acids and delivery to the liver, 
decreased degradation of fatty acids, and release of triglycer-
ides from the liver. Numerous studies support the hypothesis 
as most patients with NAFLD have hyperinsulinemia, insu-
lin resistance, and the metabolic syndrome  [  53–  58  ] . 

 The second hit of the hypothesis suggests several potential 
insults to the liver, leading to the development of NAFLD. 
Oxidative stress occurs when oxidant substrates are produced, 
exceeding the ability of the liver to scavenge antioxidants. 
Oxidative stress is caused by the reactive oxidative species 
that leak from the mitochondria during oxidation of fatty 
acids, P450 enzymes, tumor-necrosis factor-alpha (TNF-
alpha), and hepatic iron load  [  59–  63  ] . Oxidative stress can 
cause hepatocyte death contributing to hepatocellular injury 
and  fi brosis. In addition, proin fl ammatory cytokine produc-
tion is also increased in NASH. Elevated hepatic-free fatty 
acids in patients with NAFLD can be directly hepatotoxic. 

 Genetic predisposition also plays a role in the second hit, 
contributing to the determination of insulin sensitivity, obesity 
and its distribution, and oxidative stress generation  [  64–  66  ] . 

 A possible third hit, involving the protein leptin, has also 
been hypothesized in the development of NAFLD  [  67  ] . 
Leptin derived primarily from adipocytes promotes insulin 
resistance and contributes to oxidative stress and increase in 
the proin fl ammatory and pro fi brogenic responses in the liver 
 [  67–  70  ] . 

 Excessive adiposity may also contribute to tissue damage 
that occurs in metabolic syndrome because fat-derived fac-
tors regulate the in fl ammatory response. At least three of 
these factors including fatty acids, adiponectin, and tumor-
necrosis factor-alpha (TNF-alpha) promote NAFLD by mod-
ulating the hepatic in fl ammatory response, plasminogen 
activator inhibitor (PAI-1)  [  71,   72  ] . 

 TNF-alpha is proin fl ammatory, causing apoptosis, recruit-
ing white blood cells (WBC), and promoting insulin resis-
tance. Adiponectin is anti-in fl ammatory, inhibiting fatty acid 
uptake, stimulating fatty acid oxidation, and enhancing insu-
lin sensitivity. Obesity can lead to the overproduction of TNF-
alpha leading to reduced adiponectin activity. Interestingly, 
TNF-alpha and adiponectin inhibit each other’s production 
and activity. In summary, the combination of high TNF-alpha 
and low adiponectin favors steatosis (NAFLD), cell death, 
in fl ammation (NASH), and insulin resistance  [  73–  75  ] . 

 Gut microbiota have shown increasing relevance to the 
development of NAFLD. Microbiota can in fl uence several 
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factors in the pathogenesis including absorption of dietary 
lipids promoting obesity, diabetes (type 1 and type 2), and 
generation of free fatty acids  [  76  ] . All these factors promote 
steatosis, leading to NAFLD. 

 Many drugs used in the older adult such as amiodarone 
and nifedipine are implicated in the development of fatty 
liver due to oxidative stress (Table  40.1 )  [  42  ] . In addition, 
signi fi cant alterations of drug-metabolizing enzymes may 
affect the clearance of many medications and may be a con-
tributory factor to fatty liver  [  77  ] .  

   Pathology 

 Liver biopsy is the “gold standard” to con fi rm or exclude 
NASH  [  78  ] , although biopsy is performed only selectively in 
those suspected to have NAFLD. The diagnosis and differen-
tiation between NAFLD and NASH can be determined only 
by liver histology and cannot be predicted by clinical or lab-
oratory  fi ndings  [  79  ]  (Table  40.3 ). However, NAFLD being 
generally a benign disorder does not need an invasive diag-
nostic procedure such as liver biopsy. Biopsy in patients with 
NAFLD is usually reserved for those with diabetes, obesity, 
age over 50 years, and with persistently abnormal AST and 
ALT levels, despite lifestyle modi fi cations for a minimum of 
6 months  [  78,   80  ] .  

 Liver biopsy is invasive and associated with risk of hem-
orrhage; further treatment is not modi fi ed by biopsy  fi ndings. 
Biopsy is associated with a 0.06–0.35% risk of morbidity 
and 0.1–0.01% risk of mortality  [  81  ] . 

 The minimum histologic criteria for NAFLD is the presence 
of fat in >5% of hepatocytes. Steatosis consists of triglycerides 
and is mostly macrovesicular or as smaller, well-circumscribed 
droplets admixed with cytoplasmic contents. Severity of ste-
atosis is associated with lobular in fl ammation. 

 The histologic criteria for NASH include the following: 
macrovesicular fatty change, hepatocellular ballooning degen-
eration and mild diffuse lobular infl ammation  [  11  ] . When 
there is sustained injury, the extracellular matrix accumulates 
along with  fi brosis  [  81  ] . Fibrosis, when present, is usually 
within the perisinusoidal/pericellular spaces of zone three. 

 Other features for NASH include Mallory hyaline bod-
ies, megamitochondria, glycogenated nuclei, and variable 
degrees of ductular reaction correlating with advances 
stages of  fi brosis  [  82  ] . NASH and NAFLD may coexist 
with other diseases such as Wilson disease, hemochromatosis, 

alpha-1-anti trypsin de fi ciency, and chronic hepatitis C 
infection. 

 A scoring system has been developed by NIH (NAFLD 
Activity Score)  [  83  ]  for the grading and staging of the histo-
pathologic lesions noted in patients with NAFLD. It is based 
on the presence of steatosis, hepatocellular ballooning, and 
lobular in fl ammation. The score is utilized mostly for 
research, and not for clinical purposes  [  78  ] .  

   Complications of NAFLD 

 Most patients with NAFLD have good prognosis; however, a 
few with steatohepatitis may progress to  fi brosis and to cirrho-
sis. Several studies demonstrate NASH to be an important cause 
of cirrhosis and hepatocellular carcinoma  [  8–  10,   84,   85  ] . 

 NASH is among the most common causes of advanced 
liver disease after hepatitis C and alcoholism  [  86  ] . It is esti-
mated that about 50% of patients with NASH develop liver 
 fi brosis, 15% develop cirrhosis, and 3% progress to terminal 
liver failure, requiring liver transplantation  [  87  ] . Follow-up 
demonstrates that almost 30% of patients with NASH and 
 fi brosis become cirrhotic within 5–10 years. In contrast, only 
about 3% of individuals with milder forms of NAFLD 
develop cirrhosis after over a decade of follow-up  [  42,   79  ] . 

 Progression of liver disease from NAFLD to cirrhosis is 
probably in fl uenced by genetic and environmental factors, 
with very few recognized  [  88–  90  ] . Independent risk factors 
for progression include age >45 years, presence of diabetes 
(or severity of insulin resistance), obesity (BMI > 30 kg/m 2 ), 
and hypertension  [  89  ] .  

   Management of NAFLD and NASH 

 Currently, there are no speci fi c treatments for NAFLD. 
Lifestyle modi fi cations, weight reduction, avoidance of 
alcohol, and hepatotoxic medications are early steps in the 
treatment of NAFLD  [  91–  94  ] .
   (a)    A major attempt should be made to lower weight to a 

healthy range. The initial target weight loss should be 
10% of the baseline weight and should proceed at a 
rate of 1–2 lb/week  [  95  ] . Morbidly obese patients 
should be discouraged to reduce weight rapidly as this 
can worsen the hepatic in fl ammation and  fi brosis  [  96  ] . 
Weight loss only, however, may not reduce liver-related 
mortality  [  97  ] .  

   (b)    Treatment should be directed at controlling diabetes, 
hyperlipidemia, and hypertension. NAFLD may be 
reversible with general improvement in the metabolic 
syndrome.  

    (c)    Lipid-lowering agents, speci fi cally statins and  fi brates, 
reduce histologic evidence of hepatocyte damage and 

   Table 40.3    Types of nonalcoholic fatty liver disease  [  79  ]    

 Type 1: Fat alone 
 Type 2: Fat plus in fl ammation 
 Type 3: Fat plus ballooning degeneration 
 Type 4: Fat plus  fi brosis and/or Mallory bodies 
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decrease serum animotransferase levels, respectively. 
Withholding statins because of baseline abnormalities in 
AST, ALT levels is not justi fi able. Statin treatment is safe 
and effective in patients with NAFLD  [  98  ] , especially in 
the older adult with cardiovascular disease  [  99  ] .  

    (d)    The use of insulin-sensitizing agents, even in individuals 
without diabetes, has been proposed to treat patients with 
NASH  [  100  ] . Biguanides (metformin) improve insulin 
sensitivity by suppressing hepatic gluconeogenesis, 
increasing peripheral glucose uptake, and increasing fatty 
acid oxidation. In one study, metformin led to the reduc-
tion of serum aminotransferases, insulin resistance, and 
liver volume, but effects of the drug on liver histology 
were not assessed  [  101  ] . In a more recent study, treat-
ment with metformin only showed a transient improve-
ment in liver aminotransferases without a sustained 
reduction of insulin sensitivity  [  102  ] . 

 Thiazolidinediones (TZD) improve insulin resis-
tance in skeletal muscle, adipose tissue and in the liver 
by increasing adiponectin levels and fatty acid oxida-
tion, and decreasing fatty acid synthesis. In a small 
study, treatment with rosiglitazone showed signi fi cantly 
greater improvement in steatosis and less ballooning, 
in fl ammation, and  fi brosis on histologic examination of 
patients with NASH  [  103  ] . Further research is required 
to assess the long-term improvement of NAFLD and 
NASH with the use of insulin-sensitizing medications.  

    (e)    Vitamins C and E, ursodeoxycholic acid, and pentoxifyl-
line have been proposed to improve steatosis and reduce 
liver damage in patients with NAFLD and NASH. 

 Vitamin E inhibits lipid peroxidation and in fl ammatory 
cytokines, thereby reducing oxidative stress to the liver. In a 
study, vitamins C and E improved  fi brosis scores in liver 
biopsies, but no change was observed in ALT or incidence of 
hepatic in fl ammation or  fi brosis  [  104  ] . A study recently con-
cluded that Vitamin E is superior to placebo for the treatment 
of NASH in adult diabetics  [  105  ] . 

 Urodeoxycholic acid, another experimental agent, in 
theory, improves liver biochemistry and steatosis, but a 
multicenter study showed no bene fi t when compared to 
placebo in NASH  [  106  ] . Another recent study showed 
similar results  [  107  ] . 

 Pentoxifylline was shown to improve transaminitis 
and liver histology in patients with NASH when com-
pared to baseline, but failed to show a signi fi cant improve-
ment of the above-mentioned parameters when compared 
to placebo  [  108  ] .  

    (f)    In the morbidly obese, weight loss with diet, exercise, 
medications, and lifestyle modi fi cation may not suf fi ce. 
Bariatric surgery may be an option for patients with a 
BMI  ³ 40 kg/m 2  or  ³ 35 kg/m 2  in the presence of major 

comorbidities  [  109  ] . Bariatric surgery has proven 
effective in losing weight and sustaining weight loss 
even in the morbidly obese population  [  110  ]  and sur-
gery may improve or completely resolve the metabolic 
syndrome  [  111  ] .     

 It is prudent to consider age, comorbid conditions, and 
life expectancy before subjecting an elderly patient to bariat-
ric surgery. A select few older adults, who are otherwise 
healthy and free of comorbidity, may be candidates for 
bariatric surgery. A recent study evaluating Medicare 
bene fi ciaries (aged  ³ 75 years) showed  fi vefold greater 
odds of death within 90 days of bariatric surgery when 
compared to those 65–74 years of age  [  112  ] . For the older 
adult, laparoscopic-adjustable silicone gastric banding 
may be more feasible, safe, and effective for the improve-
ment of comorbid conditions  [  113  ] . 

 An algorithmic approach to suspected NAFLD/NASH 
is presented in Fig.  40.1 . 

  Key Points 

    Nonalcoholic fatty liver disease (NAFLD) is a spectrum • 
of changes in the liver ranging from benign steatosis, ste-
atohepatitis, cirrhosis to hepatocellular carcinoma.  
  The prevalence of NAFLD is estimated to be increasing • 
compared to other forms of liver diseases due to the grow-
ing obesity epidemic.  
  Insulin resistance is the key feature in the development of • 
NAFLD. The metabolic syndrome (obesity (especially 
central fat distribution), hyperlipidemia, hypertension, 
and diabetes) is also closely linked to development of 
NAFLD.  
  The “two-hit” hypothesis is the leading theory in the • 
pathogenesis of nonalcoholic steatohepatitis (NASH). 
The  fi rst hit is insulin resistance, and the second hit sug-
gests several potential insults to the liver resulting in oxi-
dative stress.  
  No speci fi c serologic study is diagnostic of NAFLD. Liver • 
enzymes (aspartate aminotransferase/alanine aminotrans-
ferase) may be elevated, but rarely more than three times 
the upper limit of normal. Clinicians should consider 
NAFLD in patients with metabolic syndrome.  
  Liver biopsy is the “gold standard” in diagnosis and must • 
be performed carefully considering biopsy and bene fi ts.  
  Treatment of NAFLD is largely based on lifestyle • 
modi fi cation, weight reduction, and avoidance of hepato-
toxic substances including alcohol and certain medications.  
  Vitamin E and insulin sensitizers may be of value in the • 
treatment of NASH. The author thanks Neelam G. 
Gidwaney MD for technical help received.          



404 C.S. Pitchumoni

   References 

    1.    Schaffner F, Thaler H. Nonalcoholic fatty liver disease. Prog Liver 
Dis. 1986;8:283–98.  

    2.    Angulo P. Nonalcoholic fatty liver disease. N Engl J Med. 
2002;346:1221–31.  

    3.    Neuschwander-Tetri BA, Caldwell SH. Nonalcoholic steatohepa-
titis: summary of an AASLD single topic conference. Hepatology. 
2003;37:1202–19.  

    4.    Floreani A. Liver diseases in the elderly: an update. Dig Dis. 
2007;25:138–43.  

    5.    Ludwig J, Viggiano TR, McGill DB, Oh BJ. Nonalcoholic steato-
hepatitis: Mayo Clinic experiences with a hitherto unnamed 
disease. Mayo Clin Proc. 1980;55:434–8.  

    6.    Chitturi S, Wong VW, Farrell G. Nonalcoholic fatty liver in Asia: 
 fi rmly entrenched and rapidly gaining ground. J Gastroenterol 
Hepatol. 2011;26 Suppl 1:163–72.  

    7.    Mohan V, Farooq S, Deepa M, Ravikumar R, Pitchumoni CS. 
Prevalence of non-alcoholic fatty liver disease in urban south 
Indians in relation to different grades of glucose intolerance and 
metabolic syndrome. Diabetes Res Clin Pract. 2009;84:84–91.  

    8.    Ong J, Younossi ZM, Reddy V, et al. Cryptogenic cirrhosis and 
posttransplantation nonalcoholic fatty liver disease. Liver Transpl. 
2001;7:797–801.  

    9.    Cuadrado A, Orive A, Garcia-Suarez C, et al. Non-alcoholic 
steatohepatitis (NASH) and hepatocellular carcinoma. Obes 
Surg. 2005;15:442–6.  

    10.    Bugianesi E, Leone N, Vanni E, et al. Expanding the natural his-
tory of nonalcoholic steatohepatitis: from cryptogenic cirrhosis 
to hepatocellular carcinoma. Gastroenterology. 2002;123:
134–40.  

    11.    Sanyal AJ. AGA technical review on nonalcoholic fatty liver 
disease. Gastroenterology. 2002;123:1705–25.  

    12.    de Alwis NM, Day CP. Non-alcoholic fatty liver disease: the mist 
gradually clears. J Hepatol. 2008;48 Suppl 1:S104–12.  

    13.    Kim CH, Younossi ZM. Nonalcoholic fatty liver disease: a mani-
festation of the metabolic syndrome. Cleve Clin J Med. 2008;75:
721–8.  

    14.    Flegal KM, Carroll MD, Kuczmarski RJ, Johnson CL. Overweight 
and obesity in the United States: prevalence and trends, 1960–
1994. Int J Obes Relat Metab Disord. 1998;22:39–47.  

    15.    Prentice AM. The emerging epidemic of obesity in developing 
countries. Int J Epidemiol. 2006;35:93–9.  

  Fig. 40.1    Algorithmic approach 
to suspected nonalcoholic fatty 
liver disease and nonalcoholic 
steatohepatitis  [  2 ,  11 ,  42 ,  78 , 
 101–  106 ,  115 ,  116  ]        

 



40540 Nonalcoholic Fatty Liver Disease (NAFLD) and Nonalcoholic Steatohepatitis (NASH)

    16.    Ogden CL, Yanovski SZ, Carroll MD, Flegal KM. The epidemiology 
of obesity. Gastroenterology. 2007;132:2087–102.  

    17.    Flegal KM, Carroll MD, Ogden CL, Curtin LR. Prevalence and 
trends in obesity among US adults, 1999–2008. JAMA. 
2010;303:235–41.  

    18.    Ledikwe JH, Smiciklas-Wright H, Mitchell DC, et al. Nutritional 
risk assessment and obesity in rural older adults: a sex difference. 
Am J Clin Nutr. 2003;77:551–8.  

    19.    Villareal DT, Apovian CM, Kushner RF, Klein S. Obesity in older 
adults: technical review and position statement of the American 
Society for Nutrition and NAASO, The Obesity Society. Am 
J Clin Nutr. 2005;82:923–34.  

    20.    Angulo P. Obesity and nonalcoholic fatty liver disease. Nutr Rev. 
2007;65:S57–63.  

    21.    Kowdley KV, Caldwell S. Nonalcoholic steatohepatitis: a twenty-
 fi rst century epidemic? J Clin Gastroenterol. 2006;40 Suppl 1:
S2–4.  

    22.    Browning JD, Szczepaniak LS, Dobbins R, et al. Prevalence of 
hepatic steatosis in an urban population in the United States: 
impact of ethnicity. Hepatology. 2004;40:1387–95.  

    23.    Chitturi S, Farrell GC, George J. Non-alcoholic steatohepatitis in 
the Asia-Paci fi c region: future shock? J Gastroenterol Hepatol. 
2004;19:368–74.  

    24.    Clark JM. The epidemiology of nonalcoholic fatty liver disease in 
adults. J Clin Gastroenterol. 2006;40 Suppl 1:S5–10.  

    25.    Floreani A. Liver disorders in the elderly. Best Pract Res Clin 
Gastroenterol. 2009;23:909–17.  

    26.    Bellentani S, Saccoccio G, Masutti F, et al. Prevalence of and risk 
factors for hepatic steatosis in Northern Italy. Ann Intern Med. 
2000;132:112–7.  

    27.    Argo CK, Caldwell SH. Epidemiology and natural history of non-
alcoholic steatohepatitis. Clin Liver Dis. 2009;13:511–31.  

    28.    Tabibian JH, Lazo M, Durazo FA, et al. Nonalcoholic fatty liver 
disease across ethno-racial groups: do Asian-American adults 
represent a new at-risk population? J Gastroenterol Hepatol. 
2011;26:501–9.  

    29.    Duseja A. Nonalcoholic fatty liver disease in India—a lot done, 
yet more required! Indian J Gastroenterol. 2010;29:217–25.  

    30.    Wanless IR, Lentz JS. Fatty liver hepatitis (steatohepatitis) and 
obesity: an autopsy study with analysis of risk factors. Hepatology. 
1990;12:1106–10.  

    31.    Silverman JF, O’Brien KF, Long S, et al. Liver pathology in mor-
bidly obese patients with and without diabetes. Am J Gastroenterol. 
1990;85:1349–55.  

    32.    Mouralidarane A, Lin C, Suleyman N, Soeda J, Oben J. Practical 
management of the increasing burden of non-alcoholic fatty liver 
disease. Frontline Gastroenterol. 2010;1(3):149–55.  

    33.    Speliotes EK, Massaro JM, Hoffmann U, et al. Fatty liver is asso-
ciated with dyslipidemia and dysglycemia independent of visceral 
fat: the Framingham Heart Study. Hepatology. 2010;51:
1979–87.  

    34.    Kral JG, Schaffner F, Pierson Jr RN, Wang J. Body fat topography 
as an independent predictor of fatty liver. Metabolism. 1993;42:
548–51.  

    35.    Eguchi Y, Eguchi T, Mizuta T, et al. Visceral fat accumulation and 
insulin resistance are important factors in nonalcoholic fatty liver 
disease. J Gastroenterol. 2006;41:462–9.  

    36.    Dixon JB, Bhathal PS, O’Brien PE. Nonalcoholic fatty liver dis-
ease: predictors of nonalcoholic steatohepatitis and liver 
 fi brosis in the severely obese. Gastroenterology. 2001;121:
91–100.  

    37.    Falchuk KR, Fiske SC, Haggitt RC, et al. Pericentral hepatic 
 fi brosis and intracellular hyalin in diabetes mellitus. 
Gastroenterology. 1980;78:535–41.  

    38.   Harrison SA, Neuschwander-Tetri BA. Nonalcoholic fatty liver 
disease and nonalcoholic steatohepatitis. Clin Liver Dis. 
2004;8:861–79, ix.  

    39.    Pantsari MW, Harrison SA. Nonalcoholic fatty liver disease pre-
senting with an isolated elevated alkaline phosphatase. J Clin 
Gastroenterol. 2006;40:633–5.  

    40.      Vuppalanchi R, Gould RJ, Wilson LA, et al. Clinical signi fi cance of 
serum autoantibodies in patients with NAFLD: results from the nonal-
coholic steatohepatitis clinical research network. Hepatol Int. 2011;
6:379–85.  

    41.    Anstee QM, McPherson S, Day CP. How big a problem is non-
alcoholic fatty liver disease? BMJ. 2011;343:d3897.  

    42.   McCullough AJ. The clinical features, diagnosis and natural his-
tory of nonalcoholic fatty liver disease. Clin Liver Dis. 2004;8:521–
33, viii.  

    43.    Brunt EM. Nonalcoholic steatohepatitis: de fi nition and pathology. 
Semin Liver Dis. 2001;21:3–16.  

    44.    Mottin CC, Moretto M, Padoin AV, et al. The role of ultrasound in 
the diagnosis of hepatic steatosis in morbidly obese patients. Obes 
Surg. 2004;14:635–7.  

    45.    Park SH, Kim PN, Kim KW, et al. Macrovesicular hepatic steato-
sis in living liver donors: use of CT for quantitative and qualitative 
assessment. Radiology. 2006;239:105–12.  

    46.    Lee SW, Park SH, Kim KW, et al. Unenhanced CT for assessment 
of macrovesicular hepatic steatosis in living liver donors: com-
parison of visual grading with liver attenuation index. Radiology. 
2007;244:479–85.  

    47.    Angulo P. Noninvasive assessment of  fi brosis and steatosis in 
NASH and ASH. Gastroenterol Clin Biol. 2009;33:940–8.  

    48.    McPherson S, Stewart SF, Henderson E, et al. Simple non-invasive 
 fi brosis scoring systems can reliably exclude advanced  fi brosis in 
patients with non-alcoholic fatty liver disease. Gut. 2010;59:1265–9.  

    49.    Yoneda M, Fujita K, Inamori M, Tamano M, Hiriishi H, Nakajima 
A. Transient elastography in patients with non-alcoholic fatty liver 
disease (NAFLD). Gut. 2007;56:1330–1.  

    50.   Yin M, Talwalkar JA, Glaser KJ, et al. Assessment of hepatic 
 fi brosis with magnetic resonance elastography. Clin Gastroenterol 
Hepatol. 2007;5:1207–13e2.  

    51.    Koek GH, Liedorp PR, Bast A. The role of oxidative stress in non-
alcoholic steatohepatitis. Clin Chim Acta. 2011;412:1297–305.  

    52.    Day CP, James OF. Steatohepatitis: a tale of two “hits”? 
Gastroenterology. 1998;114:842–5.  

    53.    Cortez-Pinto H, Camilo ME, Baptista A, De Oliveira AG, De 
Moura MC. Non-alcoholic fatty liver: another feature of the meta-
bolic syndrome? Clin Nutr. 1999;18:353–8.  

    54.    DeFronzo RA, Ferrannini E. Insulin resistance. A multifaceted 
syndrome responsible for NIDDM, obesity, hypertension, dyslipi-
demia, and atherosclerotic cardiovascular disease. Diabetes Care. 
1991;14:173–94.  

    55.    Chitturi S, Abeygunasekera S, Farrell GC, et al. NASH and insulin 
resistance: insulin hypersecretion and speci fi c association with the 
insulin resistance syndrome. Hepatology. 2002;35:373–9.  

    56.    Marchesini G, Brizi M, Bianchi G, et al. Nonalcoholic fatty liver 
disease: a feature of the metabolic syndrome. Diabetes. 2001;50:
1844–50.  

    57.    Marchesini G, Brizi M, Morselli-Labate AM, et al. Association of 
nonalcoholic fatty liver disease with insulin resistance. Am J Med. 
1999;107:450–5.  

    58.    Pagano G, Pacini G, Musso G, et al. Nonalcoholic steatohepatitis, 
insulin resistance, and metabolic syndrome: further evidence for 
an etiologic association. Hepatology. 2002;35:367–72.  

    59.    Nelson JE, Wilson L, Brunt EM, et al. Relationship between the 
pattern of hepatic iron deposition and histological severity in non-
alcoholic fatty liver disease. Hepatology. 2011;53:448–57.  

    60.    Moirand R, Mortaji AM, Loreal O, Paillard F, Brissot P, Deugnier 
Y. A new syndrome of liver iron overload with normal transferrin 
saturation. Lancet. 1997;349:95–7.  

    61.    Mendler MH, Turlin B, Moirand R, et al. Insulin resistance-as-
sociated hepatic iron overload. Gastroenterology. 1999;117:
1155–63.  



406 C.S. Pitchumoni

    62.    George DK, Goldwurm S, MacDonald GA, et al. Increased hepatic 
iron concentration in nonalcoholic steatohepatitis is associated 
with increased  fi brosis. Gastroenterology. 1998;114:311–8.  

    63.    Medina J, Fernandez-Salazar LI, Garcia-Buey L, Moreno-Otero 
R. Approach to the pathogenesis and treatment of nonalcoholic 
steatohepatitis. Diabetes Care. 2004;27:2057–66.  

    64.    Shepherd PR, Kahn BB. Glucose transporters and insulin action—
implications for insulin resistance and diabetes mellitus. N Engl 
J Med. 1999;341:248–57.  

    65.    Masuzaki H, Paterson J, Shinyama H, et al. A transgenic model of 
visceral obesity and the metabolic syndrome. Science. 
2001;294:2166–70.  

    66.    Barsh GS, Farooqi IS, O’Rahilly S. Genetics of body-weight 
regulation. Nature. 2000;404:644–51.  

    67.    Chitturi S, Farrell G, Frost L, et al. Serum leptin in NASH corre-
lates with hepatic steatosis but not  fi brosis: a manifestation of 
lipotoxicity? Hepatology. 2002;36:403–9.  

    68.    Bouloumie A, Marumo T, Lafontan M, Busse R. Leptin induces 
oxidative stress in human endothelial cells. FASEB J. 1999;13:
1231–8.  

    69.    Loffreda S, Yang SQ, Lin HZ, et al. Leptin regulates 
proin fl ammatory immune responses. FASEB J. 1998;12:57–65.  

    70.    Ikejima K, Honda H, Yoshikawa M, et al. Leptin augments 
in fl ammatory and pro fi brogenic responses in the murine liver 
induced by hepatotoxic chemicals. Hepatology. 2001;34:288–97.  

    71.    Garg R, Tripathy D, Dandona P. Insulin resistance as a 
proin fl ammatory state: mechanisms, mediators, and therapeutic 
interventions. Curr Drug Targets. 2003;4:487–92.  

    72.    Chaldakov GN, Stankulov IS, Hristova M, Ghenev PI. 
Adipobiology of disease: adipokines and adipokine-targeted 
pharmacology. Curr Pharm Des. 2003;9:1023–31.  

    73.    Stefan N, Stumvoll M. Adiponectin—its role in metabolism and 
beyond. Horm Metab Res. 2002;34:469–74.  

    74.    Hotamisligil GS, Shargill NS, Spiegelman BM. Adipose expres-
sion of tumor necrosis factor-alpha: direct role in obesity-linked 
insulin resistance. Science. 1993;259:87–91.  

    75.    Bruun JM, Lihn AS, Verdich C, et al. Regulation of adiponectin by 
adipose tissue-derived cytokines: in vivo and in vitro investigations 
in humans. Am J Physiol Endocrinol Metab. 2003;285:E527–33.  

    76.    Abu-Shanab A, Quigley EM. The role of the gut microbiota in 
nonalcoholic fatty liver disease. Nat Rev Gastroenterol Hepatol. 
2010;7:691–701.  

    77.    Merrell MD, Cherrington NJ. Drug metabolism alterations in 
nonalcoholic fatty liver disease. Drug Metab Rev. 2011;43:317–34.  

    78.    Tiniakos DG. Nonalcoholic fatty liver disease/nonalcoholic ste-
atohepatitis: histological diagnostic criteria and scoring systems. 
Eur J Gastroenterol Hepatol. 2010;22:643–50.  

    79.    Matteoni CA, Younossi ZM, Gramlich T, et al. Nonalcoholic fatty 
liver disease: a spectrum of clinical and pathological severity. 
Gastroenterology. 1999;116:1413–9.  

    80.    Angulo P, Keach JC, Batts KP, Lindor KD. Independent predictors 
of liver  fi brosis in patients with nonalcoholic steatohepatitis. 
Hepatology. 1999;30:1356–62.  

    81.    Brunt EM. Pathology of nonalcoholic fatty liver disease. Nat Rev 
Gastroenterol Hepatol. 2010;7:195–203.  

    82.    Richardson MM, Jonsson JR, Powell EE, et al. Progressive  fi brosis 
in nonalcoholic steatohepatitis: association with altered regenera-
tion and a ductular reaction. Gastroenterology. 2007;133:80–90.  

    83.    Kleiner DE, Brunt EM, Van Natta M, et al. Design and validation 
of a histological scoring system for nonalcoholic fatty liver 
disease. Hepatology. 2005;41:1313–21.  

    84.    Farrell GC, Larter CZ. Nonalcoholic fatty liver disease: from 
steatosis to cirrhosis. Hepatology. 2006;43:S99–112.  

    85.    Regimbeau JM, Colombat M, Mognol P, et al. Obesity and diabetes 
as a risk factor for hepatocellular carcinoma. Liver Transpl. 
2004;10:S69–73.  

    86.    Vernon G, Baranova A, Younossi ZM. Systematic review: the epi-
demiology and natural history of non-alcoholic fatty liver disease 
and non-alcoholic steatohepatitis in adults. Aliment Pharmacol 
Ther. 2011;34:274–85.  

    87.    Sheth SG, Gordon FD, Chopra S. Nonalcoholic steatohepatitis. 
Ann Intern Med. 1997;126:137–45.  

    88.    Ekstedt M, Franzen LE, Mathiesen UL, et al. Long-term follow-up 
of patients with NAFLD and elevated liver enzymes. Hepatology. 
2006;44:865–73.  

    89.    Ratziu V, Bellentani S, Cortez-Pinto H, et al. A position statement 
on NAFLD/NASH based on the EASL 2009 special conference. 
J Hepatol. 2010;53:372–84.  

    90.    Anstee QM, Daly AK, Day CP. Genetics of alcoholic and nonal-
coholic fatty liver disease. Semin Liver Dis. 2011;31:128–46.  

    91.    Clark JM. Weight loss as a treatment for nonalcoholic fatty liver 
disease. J Clin Gastroenterol. 2006;40 Suppl 1:S39–43.  

    92.    Perlemuter G, Bigorgne A, Cassard-Doulcier AM, Naveau S. 
Nonalcoholic fatty liver disease: from pathogenesis to patient 
care. Nat Clin Pract Endocrinol Metab. 2007;3:458–69.  

    93.    Thoma C, Day CP, Trenell MI. Lifestyle interventions for the 
treatment of non-alcoholic fatty liver disease in adults: a system-
atic review. J Hepatol. 2012;56(1):255–66.  

    94.    Tsochatzis EA, Papatheodoridis GV. Is there any progress in the 
treatment of non-alcoholic fatty liver disease? World J Gastrointest 
Pharmacol Ther. 2011;2:1–5.  

    95.   Expert panel on the identifi cation, evaluation, and treatment of 
overweight and obesity in adults. Executive summary of the clini-
cal guidelines on the identifi cation, evaluation, and treatment of 
overweight and obesity in adults. Arch Intern Med 1998;158:
1855–67.  

    96.    Andersen T, Gluud C, Franzmann MB, Christoffersen P. Hepatic 
effects of dietary weight loss in morbidly obese subjects. J Hepatol. 
1991;12:224–9.  

    97.    Valori R. Non-alcoholic fatty liver disease: a non-problem or a 
public health catastrophe? Frontline Gastroenterol. 2010;1:147–8.  

    98.    Chalasani N. Statins and hepatotoxicity: focus on patients with 
fatty liver. Hepatology. 2005;41:690–5.  

    99.    Athyros VG, Tziomalos K, Gossios TD, et al. Safety and ef fi cacy 
of long-term statin treatment for cardiovascular events in 
patients with coronary heart disease and abnormal liver tests in 
the Greek Atorvastatin and Coronary Heart Disease Evaluation 
(GREACE) Study: a post-hoc analysis. Lancet. 2010;376:
1916–22.  

    100.    Ratziu V, Pienar L. Pharmacological therapy for non-alcoholic 
steatohepatitis: how ef fi cient are thiazolidinediones? Hepatol Res. 
2011;41:687–95.  

    101.    Marchesini G, Brizi M, Bianchi G, Tomassetti S, Zoli M, 
Melchionda N. Metformin in non-alcoholic steatohepatitis. 
Lancet. 2001;358:893–4.  

    102.    Nair S, Diehl AM, Wiseman M, et al. Metformin in the treatment 
of non-alcoholic steatohepatitis: a pilot open label trial. Aliment 
Pharmacol Ther. 2004;20:23–8.  

    103.    Ratziu V, Charlotte F. A one-year randomized, placebo-controlled, 
double-blind trial of rosiglitazone in non alcoholic steatohepatitis. 
Result of the FLIRT pilot trial. J Hepatol. 2006;44:201A.  

    104.    Harrison SA, Torgerson S, Hayashi P, et al. Vitamin E and vitamin 
C treatment improves  fi brosis in patients with nonalcoholic steato-
hepatitis. Am J Gastroenterol. 2003;98:2485–90.  

    105.    Sanyal AJ, Chalasani N, Kowdley KV, et al. Pioglitazone, vitamin 
E, or placebo for nonalcoholic steatohepatitis. N Engl J Med. 
2010;362:1675–85.  

    106.    Lindor KD, Kowdley KV, Heathcote EJ, et al. Ursodeoxycholic 
acid for treatment of nonalcoholic steatohepatitis: results of a ran-
domized trial. Hepatology. 2004;39:770–8.  

    107.    Adams LA, Angulo P. Treatment of non-alcoholic fatty liver dis-
ease. Postgrad Med J. 2006;82:315–22.  



40740 Nonalcoholic Fatty Liver Disease (NAFLD) and Nonalcoholic Steatohepatitis (NASH)

    108.    Van Wagner LB, Koppe SW, Brunt EM, et al. Pentoxifylline for 
the treatment of non-alcoholic steatohepatitis: a randomized con-
trolled trial. Ann Hepatol. 2011;10:277–86.  

    109.    Shaffer EA. Bariatric surgery: a promising solution for nonalco-
holic steatohepatitis in the very obese. J Clin Gastroenterol. 
2006;40 Suppl 1:S44–50.  

    110.    Buchwald H, Avidor Y, Braunwald E, et al. Bariatric surgery: 
a systematic review and meta-analysis. JAMA. 2004;292:1724–37.  

    111.    Mummadi RR, Kasturi KS, Chennareddygari S, Sood GK. Effect 
of bariatric surgery on nonalcoholic fatty liver disease: systematic 
review and meta-analysis. Clin Gastroenterol Hepatol. 2008;6:
1396–402.  

    112.    Flum DR, Salem L, Elrod JA, et al. Early mortality among 
Medicare bene fi ciaries undergoing bariatric surgical procedures. 
JAMA. 2005;294:1903–8.  

    113.    Abu-Abeid S, Keidar A, Szold A. Resolution of chronic medical 
conditions after laparoscopic adjustable silicone gastric banding 
for the treatment of morbid obesity in the elderly. Surg Endosc. 
2001;15:132–4.  

    114.    McGovern BH. Hepatic steatosis in HIV/HCV-coinfected patients: 
time to reevaluate! Gastroenterology. 2011;140:772–5.  

    115.    National Cholesterol Education Program (NCEP). Third report of 
the National Cholesterol Education Program (NCEP) Expert panel 
on detection, evaluation, and treatment of high blood cholesterol 
in adults (Adult Treatment Panel III)  fi nal report. Circulation. 
2002;106:3143–421.  

    116.    Ferrell GC, van Rooven D, Gan L et al. NASH is an infl ammatory 
disorder: pathogenetic, prognostic and therapeutic implications. 
Gut Liver. 2012;6:149–71.      



409C.S. Pitchumoni and T.S. Dharmarajan (eds.), Geriatric Gastroenterology, 
DOI 10.1007/978-1-4419-1623-5_41, © Springer Science+Business Media, LLC 2012

            Background 

 Drug-induced liver injury (DILI) results from several prescrip-
tion and nonprescription medications, nutritional and herbal 
supplements. Comorbidity and polypharmacy in the geriatric 
population are major predispositions to DILI. Altered age-
related pharmacokinetics and pharmacodynamics in fl uence 
drug metabolism, contributing to adverse drug reactions (ADRs) 
often involving the liver. The spectrum of DILI ranges from 
asymptomatic elevations in liver enzymes without overt clinical 
disease to acute illness with jaundice resembling viral hepatitis 
and acute hepatic failure with encephalopathy and fatality.  

   Epidemiology 

 Most medications do not cause DILI. The reported incidence 
is 1 in 10,000–100,000 with several approved drugs  [  1–  3  ] . 
The U.S. Acute Liver Failure Study Group suggested that 

acetaminophen and idiosyncratic drug reactions combined 
account for approximately 50% of cases of acute liver failure 
(ALF)  [  4  ] . A recent analysis of ALF study showed that antibi-
otics were the most common cause of idiosyncratic ALF in the 
US, mostly in women (70.7%), although there was overrepre-
sentation of minorities  [  5  ] . While the precise incidence of 
hepatic ADRs is unknown, a French population-based pro-
spective study mentions the incidence to be 13.9 per 100,000 
inhabitants, a frequency 16-fold higher than estimates from 
spontaneous reporting. In this study, the incident male/female 
ratio was 0.86 until 49 years of age, increasing to 2.62 beyond 
age 49  [  6  ] ; perhaps over 8,000 cases of DILI occur in France 
annually, resulting in approximately 500 deaths  [  6  ] . With 
DILI-associated jaundice, the incidence of liver transplanta-
tion and death was 11.7% in a Spanish registry  [  7  ] .  

   Drug-Induced Liver Injury: Mechanisms 

 Drug induced liver disease may be dose-dependent or pre-
dictable and dose independent or unpredictable (also termed 
idiosyncratic). Most reactions are idiosyncratic. 

 The pathological changes associated with DILI may 
resemble any form of acute and chronic hepatobiliary dis-
ease. The pathogenesis remains poorly understood and may 
relate to complex interactions between genetic and nonge-
netic host susceptibility factors, coupled with drug–drug 
interactions  [  8–  11  ] . The liver which plays important role in 
the clearance and biotransformation of drugs, suffers most 
often from their metabolism. Most drugs are lipid-soluble in 
nature. Hepatic drug-metabolizing enzymes convert them 
into water-soluble form, thus permitting their entry into the 
plasma, excretion in the urine, or elimination into the bile. 
Most drugs are biotransformed by hepatic phase I and phase 
II metabolic reactions. Oxidation (e.g., hydroxylation and 
dealkylation) and reduction (e.g., nitroreduction) are phase I 
reactions, whereas phase II reactions include conjugation 
(glucoronidation, sulfation, and acetylation) of the parent 
compound or a metabolite. 
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 The cytochrome P450 superfamily (CYP) is a diverse 
group of enzymatic proteins, identi fi ed in most forms of life 
that catalyze the oxidation of organic substances. The CYP 
located in the mitochondria and endoplasmic reticulum is 
present not only in the liver, but also expressed in other sites 
such as the gut, kidney, lungs, pancreas, and brain. CYP system 
accounts for much of the bioactivation and metabolism of 
drugs. CYP is abundant in the centrilobular zone compared 
to the periportal area; centrilobular necrosis is characteristic 
of DILI, suggesting that drug-metabolizing enzymes play a 
role in DILI. Most drugs are metabolized by CYP1, CYP2, 
and CYP3 families. CYP 3A is a prominent subfamily. 
While sex does not appear to in fl uence CYP3A-mediated 
clearance of substrates, aging affects hepatic blood  fl ow and 
CYP3A activity  [  12  ] . Hepatic expression of each CYP 
enzyme is genetically determined, subject to polymorphic 
inheritance  [  13  ] . Factors that alter CYP activity increase 
toxicity by reducing drug conversion to nontoxic metabo-
lites or by increasing conversion to toxic metabolites  [  14  ] . 

  N -acetylation is a phase II reaction, with  N -acetyltrans-
ferase 2 (NAT2), highly polymorphic in expression. Slow 
rates of acetylation are known to increase isoniazid hepato-
toxicity  [  15–  17  ] . With isoniazid, typically used for months, 
periodic testing of liver function is prudent in older adults. 
Glutathione S-transferases (GST) detoxify a variety of drugs 
through glutathione. Two isoforms, GSTM1 and GSTT1, are 
absent in some individuals due to gene deletions. Individuals 
who are homozygous null for both M1 and T1 are at risk for 
idiosyncratic DILI, predominantly in women  [  18  ] . 

 Data demonstrate a relationship between genetic poly-
morphisms that in fl uence immune function (e.g., HLA class 
II antigens or cytokines) and risk for DILI.    There is evidence 
for associations between the HLA haplotype and cholestatic 
reactions to amoxicillin-clavulanic acid  [  19  ] , with HLA-
B5701 genotype determining DILI from  fl ucoxacillin  [  20  ] . 
In future, genomic associations may offer opportunity to bet-
ter diagnose and predict DILI. 

 Interleukins (IL), especially IL-10, IL-4, and TNF-alpha 
polymorphism, in fl uence occurrence of DILI. Variants with 
low IL-10 and high IL-4 gene transcription are at risk of 
diclofenac hepatotoxicity  [  21  ] ; diclofenac-mediated stress 
signaling suppresses TNF-alpha-induced survival signaling 
routes and sensitizes cells to apoptosis  [  22  ] . 

 Hepatic transport systems maintain hepatic uptake and 
ef fl ux processes in bile formation and are expressed in liver 
cells; one role is to determine drug exposure and clearance. 
Increasing evidence indicates that cholestatic DILI results 
from drug-mediated inhibition of hepatobiliary transporter 
systems  [  23,   24  ] . Transporter proteins in fl uence drug dispo-
sition and interactions, thereby in fl uencing the occurrence 
of ADRs. A functional disturbance from mutations and 
polymorphisms of the exporter proteins causes intracellular 
accumulation of toxic bile constituents with cholestatic 

liver injury; genotyping in patients with acquired cholesta-
sis can identify genetic susceptibility to DILI  [  25,   26  ] . 

 Some drugs (e.g., valproate, salicylate, antiretroviral 
agents) cause liver injury through mitochondrial toxicity; 
severe alteration of mitochondrial function in the liver may 
induce microvesicular steatosis and serious adverse effects 
such as lactic acidosis and rhabdomyolysis  [  27  ] .  

   Risk Factors 

   Age 

 Age increases risk of liver injury from certain medications; 
examples include isoniazid, nitrofurantoin, diclofenac, and 
 fl ucloxacillin (and historically halothane and troglitazone). 
The risk of isoniazid hepatotoxicity is higher in the old than 
the young, as noted in a US tuberculosis clinic; the age-
speci fi c incidence was higher in those over 50 years com-
pared to the 25–34 age group  [  28  ] . The basis may be impaired 
hepatic function and decline in renal function with age and 
resultant higher hepatic drug concentration  [  29  ] . The high 
prevalence of polypharmacy in the geriatric population may 
be contributory. Cholestatic type of injury is more common 
in the old compared to hepatocellular type of injury  [  4,   29 , 
 30  ] . Hepatotoxicity in geriatric patients may lead to fulmi-
nant hepatic failure and death, emphasizing the importance 
of a meticulous medication history.  

   Gender 

 A prospective trial by the DILI Network reported hepatocel-
lular injury to be more common in women than men (65% 
vs. 35%), resulting from a single medication in 73% cases 
 [  31  ] . In a hepatology clinic, 56% with DILI were women 
 [  32  ] . This observation involved herbals, antiepileptics, and 
antidepressants drugs  [  33  ] ; the etiology may be a higher 
prevalence of autoimmune diseases among women  [  34  ] . 
Women are especially predisposed to DILI from nitrofuran-
toin, sulfonamides,  fl ucloxacillin, and minocycline; the dif-
ferences in susceptibility between men and women to various 
medications perhaps relate to pharmacogenomics.  

   Drug Interactions 

 Incidence of adverse drug events (ADEs) increases with polyp-
harmacy; some medications modify the hepatotoxic potential of 
others. Mechanisms include enzyme induction, reduction in bile 
 fl ow, or competition with canalicular pathways for biliary excre-
tion. Valproic acid hepatotoxicity increases with polypharmacy 
 [  35  ] . Addition of erythromycin provokes DILI through forma-
tion of reactive intermediaries during valproic acid metabolism.  
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   Previous Drug Reactions 

 Prior history of ADE increases the risk of injury on reexpo-
sure to the same or structurally similar agents. This may be 
linked to cross-sensitivity and class effect; cross-sensitivity is 
observed between carbamazepine and phenytoin, halothane 
anesthetics, tricyclic antidepressants, and NSAIDs  [  36,   37  ] . 
It is essential to closely monitor hepatic function in those 
with a prior history of DILI.  

   Alcohol 

 Both acute alcohol consumption and chronic alcoholism 
decrease the dose threshold for acetaminophen hepatotoxic-
ity  [  38  ] . Chronic alcohol ingestion modi fi es CYP2E1 activ-
ity and depletes hepatic glutathione levels. Chronic excessive 
alcohol consumption increases the risk of hepatic  fi brosis in 
long-term users of methotrexate  [  39  ] , as also isoniazid hepa-
totoxicity. The role of alcohol in idiosyncratic DILI is less 
clear; nor do prospective registries describe a signi fi cant 
association between alcohol consumption and severity of 
DILI  [  4  ] .  

   Glutathione 

 To combat oxidative stress, the liver is well enriched with anti-
oxidant mechanisms, such as micronutrients (e.g., vitamins E 
and C), thiol-rich proteins (e.g., metallothionein, ubiquinone), 
and glutathione ( l -gamma-glutamyl- l -cyteine-glycine). The 
most important hepatic antioxidant is glutathione, with hepato-
cytes an exclusive site of synthesis. Hepatic levels of glutathione 
can be increased by enhancing the supply of cysteine, a precur-
sor for glutathione synthesis; the mechanism is the cornerstone 
of thiol antidote therapy for acetaminophen (paracetamol) poi-
soning. Glutathione de fi ciency, common in malnutrition and 
chronic alcoholism, increases risk for drug-induced injury.  

   Coexisting Chronic Liver Disease 

 Data do not support withholding any medications in those 
coinfected with hepatitis B or C virus  [  40,   41  ] . Patients should 
be monitored with monthly LFTs and referred to specialists if 
liver enzyme elevations are three to fourfold  [  42  ] . The same 
risk applies to antituberculosis therapy  [  43  ] . The safety pro fi le 
of statins in nonalcoholic fatty liver disease or in those with 
chronically elevated liver enzymes is generally favorable and 
demonstrated over a 10–16 year follow-up  [  44,   45  ] . 

 Table  41.1  provides information on nongenetic risk factors.    

   Clinical Patterns of Liver Injury 

 Many drugs cause asymptomatic elevations in liver enzymes 
that are considered subclinical liver disease and are usually 
benign. DILI is a pattern of injury with characteristics that 
include biochemical, clinical, histologic, or a combination. 
Unpredictable hepatotoxic reactions can occur without warn-
ing, unrelated to dose, with variable latency periods, ranging 
from days to a year. Besides acute hepatic clinical presenta-
tions, some drugs cause chronic histological alterations, 
including vascular injury and neoplasms. 

 Dose-dependent injury occurs after hours and is character-
ized by zonal necrosis or microvesicular steatosis; examples 
include amiodarone, methotrexate, and acetaminophen  [  46  ] . 

  Hepatocellular : Here the injury is similar to viral hepatitis 
and characterized by signi fi cant in fl ammation or reactive 
changes, apoptotic hepatocytes, hepatocyte degeneration, and 
cell death. Laboratory changes are characterized by marked 
aminotranferase elevations usually preceding increases in 
bilirubin and alkaline phosphatase levels. Zonal necrosis is 
usually from dose-dependent medications such as acetamino-
phen and carbon tetrachloride (zone 3). Nonzonal necrosis 
occurs with drugs that cause unpredictable idiosyncratic 
injury; examples are isoniazid, diclofenac, and methyldopa. 

   Table 41.1    Nongenetic factors that predispose to DILI  [  28,   31–  33  ]    

 Variable  In fl uence 

 Age  Age over 55 years 
 Gender  Females are at greater risk (are on more medications, more likely to seek health care or 

manifest autoimmune states) 
 Alcoholism  Enhances severity of acetaminophen-induced hepatotoxicity; alcohol mediates 

induction of hepatic CYP 
 Fasting state, malnutrition  may deplete hepatic glutathione, increasing risk 
 Obesity  Expression of CYP2E1 is increased 
 Preexisting liver disease  In fl uences ability to recover from DILI 
 Dosage of oral medications  Increase in dosage increases risk of DILI 
 History of hepatitis C or B  Increases susceptibility to DILI from anti-TB drugs and highly active antiretroviral 

therapy 
 Decline in renal function  May increase drug concentration in the liver 
 Diabetes mellitus  At risk for methotrexate-induced hepatotoxicity, by altering expression of hepatic CYP 
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Beta adrenergic blockers, tetracyclines, sulfasalazine, and 
barbiturates are rarely associated with acute hepatitis. 

  Autoimmune hepatitis : Hypersensitivity or immunologic 
injury may be delayed or occur on repeated exposure to a drug 
and is associated with fever, rash, or eosinophilia. It is more 
rapid and severe with repeated exposure; examples include 
phenytoin, nitrofurantoin, minocycline, and HAART, while 
halothane is the prototype. With the antiretroviral agents, 
the mechanism involves signi fi cant immune reconstitution. 
Discontinuing the drug is followed by improvement within 
weeks. Corticosteroids are indicated in severe disease  [  47  ] . 
Rechallenge is risky and not recommended. 

  Cholestasis : Cholestatic DILI is the consequence of impaired 
bile acid transport and leads to hepatocellular or canalicular 
bile stasis with or without in fl ammation. High-dose estro-
gen, anabolic steroids, tamoxifen, and antimicrobials such as 
erythromycin estolate, amoxicillin-clavulanic acid, nafcillin, 
trimethoprim-sulfamethoxazole, and rifampin are incrimi-
nated  [  48  ] . Typical presentation is pruritus and jaundice with 
elevated alkaline phosphatase and bilirubin. Acute drug-
induced cholestasis may lead to chronic cholestasis resem-
bling primary biliary cirrhosis (PBC). 

  Steatosis and Steatohepatitis : Steatosis can be microvesicu-
lar or macrovesicular, based on droplet size; It is common 
due to high prevalence of obesity, metabolic syndrome, and 
alcohol use. Drugs that disrupt beta oxidation of lipids and 
oxidative energy production lead to steatosis  [  49  ] . Steatosis 
may remain asymptomatic or lead to steatohepatitis, a more 
concerning lesion that may go on to cirrhosis. Drugs that 
cause steatosis and steatohepatitis include amiodarone  [  50  ] , 
tamoxifen, anti-retro viral drugs  [  51  ] , valproic acid, tetracy-
clines, glucocorticoids, methotrexate and  fi rst-generation 
Nucleoside/Nucleotide Reverse Transcriptase Inhibitors 
(NRTIs), zidovudine, didanosine, and stavudine  [  52  ] . 

  Granulomatous hepatitis : Granulomas dominate the in fl am-
mation are usually nonnecrotizing and found in portal and peri-
portal areas and parenchyma. Incriminated drugs include 
allopurinol, phenytoin, carbamazepine and hydralazine, methi-
mazole, and propyl-thiouracil. Differential diagnosis for granu-
lomatous hepatitis includes fungal, atypical bacterial and 
mycobacterial infections, sarcoidosis, and PBC  [  53  ] . 

  Drug-induced vascular injury : Vascular injury patterns are 
rare but diverse, usually classi fi ed by the vascular component 
most affected. Hepatic vein thrombotic occlusion also known 
as Budd Chiari syndrome may result from hormone therapy 
and can progress to noncirrhotic portal hypertension, liver 
failure, and death. Obstruction of small hepatic veins and 
sinusoids are the hallmark of sinusoidal obstruction syn-
drome (formerly termed veno-occlusive disorder), while dil-
atation and destruction of hepatic sinusoids is termed “peliosis 

hepatis”. Vascular injury can result from chemotherapeutic 
agents such as busulphan, dactinomycin, and mitomycin, as 
also azathioprine, sex steroids, and vitamin A. 

  Neoplasia : Medications are associated with development of 
benign and malignant neoplasms. Benign tumors (adenoma) 
and malignant tumors (hepatocellular carcinoma) may be 
induced by long-term use of sex hormones. Data implicate 
androgens and estrogens in hepatocyte proliferation and as 
liver tumor inducers or promoters  [  54,   55  ] . 

 Table  41.2  describes drugs predisposing to liver injury 
and their patterns.   

   Table 41.2    Drugs predisposing to liver injury in older adults   

 Drug class  Speci fi c medication  Type of injury 

 Antibiotics  Amoxicillin/
clavulanate 
 Flucloxacillin 
 Sulfonamides 

 Tetracyclines 

 Minocycline 
 Erythromycin 
 Clindamycin 

 Cholestasis 

 Cholestasis 
 Hepatocellular, 
granulomatous hepatitis 
 Microvesicular 
steatosis 
 Auto immune hepatitis 
 Cholestasis 
 Mixed 

 Antituberculosis  Isoniazid 
 Rifampin 
 Pyrazinamide 

 Hepatocellular 
 Hepatocellular 
 Hepatocellular 

 Antifungal  Ketoconazole 
 Terbina fi ne 

 Hepatocellular 
 Cholestasis 

 Antiretrovirals  Nevirapine 
 Ritonavir 

 Hepatocellular 
 Hepatocellular 

 Antiarrhythmics  Amiodarone 
 Quinidine 

 Procainamide 

 Steatohepatitis 
 Granulomatous 
hepatitis 
 Granulomatous 
hepatitis 

 Anti-in fl ammatory  Aspirin 
 Ibuprofen 
 Acetaminophen 
 Diclofenac 
 Sulindac 
 Methotrexate 
 Allopurinol 

 Hepatocellular 
 Mixed 
 Hepatocellular 
 Chronic hepatitis 
 Cholestasis 
 Fibrosis 
 Granulomatous and 
hepatocellular 

 Antihypertensives  ACE inhibitors 
 Irbesartan. losartan 
 Hydralazine 

 Diltiazem 

 Mixed 
 Hepatocellular 
 Granulomatous 
hepatitis 
 Granulomatous 
hepatitis 

 Antiepileptics  Phenytoin 

 Valproic acid 
 Carbamazepine 

 Phenobarbital 

 Hepatocellular, 
granulomatous 
 Steatohepatitis 
 Granulomatous 
hepatitis 
 Mixed 

(continued)



41341 Drug-Induced Liver Injury

   Common Drugs and Supplements Associated 
with DILI in Older Adults 

   Acetaminophen 

 Acetaminophen (paracetamol), is used worldwide for its 
antipyretic and analgesic properties. Acetaminophen is the 
leading cause of ALF in the west. Acetaminophen is 
detoxi fi ed primarily through glucuronidation by UDP-
glucuronosyl transferases (UGTs) and secondarily through 
sulfation by sulfotransferases (SULTs). Acetaminophen is 
metabolized by hepatic CYP450 (CYP2E1, CYP1A2, 
CYP3A4) to the toxic and highly reactive metabolite 
 N -acetyl- p -benzoquinone imine (NAPQ1)  [  56  ] . Therapeutic 
doses of acetaminophen produce small amounts of NAPQ1, 
which in turn is rapidly conjugated by cysteine and merc-
aptate compounds and excreted in urine. Large doses of acet-
aminophen saturate glucuronidation pathways, with far more 
acetaminophen metabolized to NAPQ1, and resultant hepa-
totoxicity. Cimetidine minimizes the risk of damage by 
inhibiting the conversion of acetaminophen to its toxic 
metabolite. 

 Although acetaminophen is safe in usual therapeutic 
doses, hepatic and other organ damage occur with overdose 
from accumulated toxic metabolite. Alcohol consumption 
 [  57  ]  and fasting lower the threshold for acetaminophen hepa-
totoxicity, by inducing the cytochrome P-450 system, 
increased formation of toxic metabolites, and depletion of 
glutathione. Liver damage is dose-dependent; while thera-
peutic doses are not hepatotoxic. A single dose of 7–10 grams 
of acetaminophen (14–20 extra strength) tablets can cause 
liver injury in the average size healthy adult. Prognosis is bet-
ter when acetaminophen liver injury is treated with 
 N -acetylcysteine within hours of ingestion  [  58,   59  ] . The 
stomach must be emptied with a wide bored gastric tube and 

blood levels of acetaminophen measured as a  fi rst step. In 
early 2011, the U.S. Food and Drug Administration has asked 
manufacturers to limit the strength of acetaminophen to 
325 mg to limit the amount consumed; acetaminophen is 
often a constituent of several drug combinations, especially 
opioids. Also under consideration is a reduction in the maxi-
mum daily dose of acetaminophen when used long term  [  60  ]  
(Table  41.3 ).   

   Antimicrobials 

 Antimicrobials are commonly used in geriatric practice. 
Worldwide, amoxicillin-clavulanic acid is one of the lead-
ing causes of antibiotic-induced DILI, usually acute and 

   Table 41.3    Acetaminophen-related liver injury  [  56–  60  ]    

 Risk factors 
 Dosage and time of injury after ingestion 
 Acetaminophen is not hepatotoxic in therapeutic doses; ALF likely 
in the10–15 g/day range 
 Can occur at 4 g/day with coexisting malnutrition or chronic 
alcoholism, through glutathione depletion 
 Concomitant medications that induce the p450 system are a 
predisposition (e.g., isoniazid, phenytoin) 

 Clinical presentation 
 Phase 1 (0–24 h): Asymptomatic, anorexia, nausea, vomiting, 
malaise, and subclinical rise in AST/ALT levels begin in about 12 h 
 Phase 2 (18–72 h): right upper quadrant pain, anorexia, nausea, 
vomiting with continued rise in ALT/AST 
 Phase 3 (72–96 h): Centrilobular hepatic necrosis, abdominal pain, 
jaundice, coagulopathy, hepatic encephalopathy, renal failure, fatality 
 Phase 4 (4 days-3 weeks): Complete resolution of symptoms, 
resolution of organ failure 

 Management 
 Gastric lavage with a wide-bore tube performed if presentation 
within 4 h of ingestion 
 Activated charcoal, osmotic cathartics, or binding agents have little 
if any role 
 Acetaminophen blood levels are measured at presentation and 
repeated in 4–6 h, with the risk of liver injury estimated by 
reference to the Rumack-Matthew nomogram 
 Cysteine donors stimulate hepatic glutathione synthesis; 
 N -acetylcysteine (NAC) is the principal antidote, and functions as a 
thiol donor. Signi fi cant hepatotoxicity is rare if administered within 
16 h of drug ingestion 
 The standard oral dose of NAC is 140 mg/kg loading dose followed by 
70 mg/kg every 4 h for 16 additional doses. IV NAC is used in UK 
 Liver transplantation is an option for severe liver failure 

 Prevention 
 Adherence to the recommended dosage guidelines 
 Lower doses in severe cardio respiratory disease, cirrhosis, and 
chronic alcoholism 
 The FDA and some manufacturers recommend a lower daily dose in 
view of common concurrent use of acetaminophen-drug combina-
tions (e.g., opioids) and potential for adverse effects 
 With lower strength tablets, and limiting over-the-counter availabil-
ity, acetaminophen may become a less common cause of liver failure 

 Drug class  Speci fi c medication  Type of injury 

 Antipsychotics  Sertraline 
 Fluoxetine 
 Paroxetine 
 Trazodone 
 Respiridone 
 Nefazodone 
 Bupropion 

 Hepatocellular 
 Hepatocellular 
 Hepatocellular 
 Mixed 
 Hepatocellular 
 Hepatocellular 
 Hepatocellular 

 Antidiabetic  Sulfonylureas 
 Thiazolidinediones 

 Hepatocellular 
 Hepatocellular 

 Miscellaneous  Statins 
 Estrogens 
 Tamoxifen 

 Phenothiazines 

 Hepatocellular 
 Cholestasis 
 Mixed and 
steatohepatitis 
 Mixed 

Table 41.2 (continued)
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cholestatic in pattern; risk factors are male gender, increas-
ing age (over 55), and prolonged and repetitive use  [  61  ] . 
Flucloxacillin is a commonly reported cause for DILI in 
Europe, Scandinavia, and Australia  [  62  ] . Nitrofurantoin, a 
urinary antiseptic, is associated with acute and chronic 
hepatitis; presentations include hepatic granulomas, 
chronic hepatitis with autoimmune features, ALF, and cir-
rhosis  [  63,   64  ] . Sulfonamides cause acute and chronic 
hepatitis, cholestatic, granulomatous, or mixed reactions 
 [  65  ] ; sulfonamide combinations: cotrimoxazole (sulfame-
thoxazole and trimethoprim) can cause prolonged 
cholestasis  [  66  ] ; and quinolones such as trova fl oxacin can 
cause fulminant hepatitis  [  67,   68  ] . Isoniazid causes mild, 
asymptomatic, and reversible elevations in AST and ALT, 
the risk higher with age. Regimens combining INH with 
rifampin or pyrazinamide are associated with higher inci-
dence of hepatotoxicity  [  69–  71  ] .  

   Antihypertensives 

 Alpha methyldopa, an antihypertensive seldom used today, 
is associated with immune-allergic drug hepatitis and 
rarely cholestatic injury  [  72  ] ; alpha methyl dopa is a clas-
sic example of bridging necrosis and cirrhosis and still 
used in many parts of the world.  b -adrenergic blockers 
and calcium channel blockers rarely cause hepatotoxicity. 
Carvedilol  [  73  ] , labetalol  [  74  ] , and metoprolol can cause 
acute hepatitis-like picture, while diltiazem is linked to 
granulomatous hepatitis. Hydralazine causes a granuloma-
tous hepatitis, reversible upon discontinuation of drug 
 [  75  ] . Angiotensin-converting enzyme inhibitor (ACEI)-
induced liver disease is rare, but is relevant as the class is 
widely prescribed; examples include captopril, fosinopril 
 [  76  ] , enalapril, and ramipril  [  77  ] ; the picture is cholestatic, 
hepatocellular, or mixed hepatocellular, with resolution 
upon drug discontinuation. Of the angiotensin II receptor 
blockers, irbesartan  [  78  ] , losartan  [  79  ] , valsartan  [  80  ] , and 
candesartan are implicated in causing acute hepatitis or 
cholestatic hepatitis.  

   Antiseizure Medications 

 Phenytoin causes severe acute cholestatic hepatitis  [  81  ] , a 
hypersensitivity syndrome characterized by rash, fever, eosino-
philia, and lymphadenopathy. Valproic acid causes a dose-
related increase in liver function tests and rarely a serious 
idiosyncratic reaction not dose-dependent. Prevention involves 
adherence to prescribing guidelines and use of caution with 
valproic acid–drug combinations  [  35  ] . Carbamazepine can 
cause granulomatous hepatitis  [  82  ] . Levetiracetam (Keppra) is 
a relatively safe antiepileptic in chronic liver disease  [  83  ] .  

   Nonsteroidal Anti-in fl ammatory Drugs 

 Aspirin occasionally causes elevated ALT levels and rarely 
progressive hepatic failure when blood salicylate concentra-
tions exceed 25 mg/100 mL  [  84  ] . Diclofenac causes mild ele-
vation of aminotransferases re fl ecting idiosyncratic toxicity, 
with or without cholestasis; the risk is higher in women and 
with age  [  85  ] . Bromfenac, a phenylacetic acid derivative, has 
been withdrawn because of associated fatal ALF  [  86  ] . Sulindac 
can cause cholestatic injury  [  87  ] ; ibuprofen, can cause hepato-
cellular or mixed hepatocellular-cholestatic injury  [  88  ] .  

   Neuropsychiatric Medications 

 Tacrine, a reversible choline esterase inhibitor, formerly used 
in Alzheimer’s disease for cognitive bene fi ts was associated 
with signi fi cant increase in ALT levels in 25% of patients, 
more in women, necessitating frequent monitoring of liver 
function  [  89  ] . It also caused abdominal discomfort and diar-
rhea and has been replaced by safer cholinesterase inhibitors. 
Tolcapone, a selective catechol- o -methyl transferase inhibi-
tor used with cardidopa in Parkinson’s disease, is associated 
with ALF, especially in older women  [  90  ] , warranting close 
monitoring of liver function.  

   Statins 

 Statins are widely used today; the most common manifesta-
tion is asymptomatic elevations of serum ALT and AST lev-
els that improve or completely resolve upon discontinuing or 
reducing the involved statin dose. DILI from statin use is 
overemphasized and bene fi ts far outweigh risks. While moni-
toring of aminotransferases is recommended, the approach is 
unlikely to predict toxicity. Lovastatin  [  91  ] , pravastatin  [  92  ] , 
atorvastatin, and simvastatin  [  93  ]  have been implicated in 
rare cases of cholestatic hepatitis. Atorvastatin can cause 
autoimmune hepatitis  [  94  ] . Niacin or nicotinic acid (3-pyri-
dinecarboxylic acid) hepatic toxicity is dose- dependent in 
excess of 2 g daily  [  99  ] . Fibrates are rarely implicated. 
Individuals with elevated baseline liver enzymes are not at 
higher risk for hepatotoxicity from statins (Table  41.4 ).   

   Antidepressants 

 Selective serotonin reuptake inhibitors (SSRIs) have a better 
liver safety pro fi le compared to tricyclic antidepressants; 
asymptomatic elevations of liver enzymes occur with 
 fl uoxetine and paroxetine  [  100,   101  ] . Tricyclic antidepres-
sants (amitriptyline and imipramine) can cause prolonged 
cholestasis with recovery upon drug withdrawal; trazodone 
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is implicated in acute and chronic hepatocellular injury and 
cholestasis  [  102  ] ; nefazodone, linked to sub-ALF, is no lon-
ger used  [  103  ] .  

   Antidiabetic Drugs 

 Troglitazone (a thiazolidinedione) induced ALF occurred in 
older women and obese persons, necessitating withdrawal of 
the drug  [  104  ] . Serious liver injury appears rare with the sec-
ond-generation thiazolidinediones, rosiglitazone, and piogli-
tazone  [  105  ] . Older sulfonylureas, such as chlorpropamide, 
have caused hepatocellular liver injury. Currently used agents 
such as tolazamide, glimepiride  [  106  ] , and glibenclamide are 
rarely associated with cholestasis or cholestatic hepatitis. 
Rarely, antidiabetics cause liver injury; they include met-
formin, a  fi rst-line oral biguanide (idiosyncratic cholestasis) 
 [  107  ] , repaglinide  [  108  ] , acarbose, and human insulin.  

   Herbal and Dietary Supplements 

 Herbal medicines (sold as dietary supplements) are easily 
available over the counter and erroneously considered to 
be safe by many and are widely used by older adults along 
with prescription medications or even instead  [  109  ] . Intake 
of herbal medicines is consistently underreported and not 
elicited in the history and often consumed without profes-
sional supervision or monitoring. Herbal and dietary sup-
plements (HDS) taken alone or in combination with other 
medications can cause DILI. Liver injury is either hepato-
cellular, cholestatic, or vascular in nature, with variable 
severity  [  110,   111  ] . Due to poor regulation and oversight 
of these products, there could be signi fi cant variations 

between the listed ingredients and contents of the supple-
ment, including batch-to-batch differences. Among the 
many herbals, a few deserve mention. Chaparral (Larrea 
tridentata) is used as a dietary and “energy supplement” 
and causes cholestatic hepatiis, with long-term users devel-
oping end-stage liver disease requiring transplantation 
 [  112  ] . The postulated mechanism is inhibition of cycloox-
ygenase or cytochrome P450 or an immune-mediated 
mechanism. Dai-saiko-to intended for dyspepsia and gall-
stones is associated with acute hepatitis. Ma-huang, a 
Chinese herbal remedy, may cause hepatitis with serum 
autoantibodies (although in weak titers) mimicking auto-
immune hepatitis. Saw palmetto used for benign prostatic 
hyperplasia is generally safe. However, a preparation of 
Serenoa repens Prostata has recently been associated with 
protracted cholestatic hepatitis  [  112  ]  with antimitochon-
drial antibody positivity. It is the physician responsibility 
to obtain a history and discuss potential for adverse effects 
from the use of herbals and supplements  [  109,   113–  115  ]  
(Table  41.5 ).    

   Diagnosis 

 A focused history including prescribed and nonprescribed 
medications, supplements, and herbal medications is the 
 fi rst step in all older adults. Abnormal liver function war-
rants consideration of DILI in the differential diagnosis, 
prior to needless tests and treatment. Information should 
detail as to when each medication had been initiated, 
including dosage, administration route, concomitant medi-
cations, alcohol consumption, and prior history of liver dis-
ease. If DILI is a consideration, revision of the drug 
regimen, including drug withdrawal, is the next step. It 

   Table 41.4    Statin-related liver injury  [  3,   44,   91–  98  ]    

 Statins are generally safe for long-term use, with signi fi cant liver injury uncommon 
 Are safe for prevention of coronary artery disease, even in the setting of chronic liver damage 
 Statins can be safely used to treat hyperlipidemia in nonalcoholic fatty liver disease (NAFLD), with appropriate monitoring 
 Elevated baseline liver enzymes do not pose higher risk for statin hepatotoxicity 
 Chronic liver disease or compensated cirrhosis is not considered a contraindication for statins (recommendation of the Statin Safety Task Force 
of the National Lipid Association) 
 The most common liver injury is mild symptomatic elevations in ALT and AST 
 Elevation in AST (and, to a lesser extent, ALT) levels may be from muscle cell damage; resolution is usual with dosage reduction or discontinuing 
the drug 
 FDA labeling information recommends that liver enzyme blood tests be performed before and 12 weeks following the initiation of statins, or 
increase in dose, and periodically thereafter (every 3–6 months) 
 When aminotransferase levels are over three times upper normal, statins may be discontinued and levels reassessed 
 When transaminase elevation is persistent, statins should be withheld and screening initiated to exclude drug interactions (acetaminophen, 
NSAIDs, alcohol, herbal preparations, etc.) and underlying liver disease, before statins are considered the cause of DILI 
 Once levels return to baseline, may consider a lower dose or a different statin 
 Pravastatin may be less hepatotoxic than other statins; this may relate to its non-CYP-based metabolism and hydrophilic nature 
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   Table 41.5    Herbals and liver injury  [  109–  115  ]    

 Product  Comments  Type of injury 

 Atractylis gummifera  Antipyretic, diuretic  Hepatitis 
 Black cohosh  Menopausal symptoms  Fulminant hepatic failure 
 Chaparral  Weight loss, rheumatism, diarrhea  Mixed 
 Cascara  Laxative  Cholestasis 
 Comfrey  Herbal tea  Sinusoidal obstruction 
 Herbalife  Nutritional supplement  Cholestasis and  fi brosis 
 Hydroxycut  Weight loss  Acute hepatitis 
 Kava  Anxiolytic  Mixed acute hepatitis, cholestasis 
 Greater celandine  Jaundice, hepatitis, IBS  Cholestasis 
 Green tea extract  Weight loss  Hepatitis 
 Germander  Weight loss  Acute hepatitis 
 Lipokinetix  Weight loss  Acute hepatitis 
 Mistletoe  Asthma, infertility  Hepatitis 
 Prostate  Lower urinary tract symptoms  Cholestasis 
 Valerian  Insomnia, headache  Hepatitis 

   Table 41.6    DILI: assessing the course of acute hepatitis as possibly a drug basis  [  116  ]    

 Cessation of drug  Very suggestive  Suggestive  Not suggestive  Inconclusive 

 YES  Decrease in ALT >50% within 8 days 
and normal in 30 days 

 Decrease in ALT >50% within 
30 days 

 Variations in ALT within or 
after 30 days 

 NO  Stable or 
 Increase in ALT 

 Partial decrease of 
ALT or return to 
normal 

   Table 41.7    Extrahepatic manifestations in DILI  [  34  ]    

 Manifestation  Drug association 

 Allergy: fever, rash, eosinophilia  Phenytoin, dapsone, sulindac 
 Renal injury  Methoxy fl urane, sulindac 
 Antinuclear antibodies  Alpha methyldopa, nitrofurantoin, 

minocycline 
 Gastrointestinal: ulcer, pancreatitis  Phenylbutazone, tetracycline 
 Bone marrow: aplastic anemia, 
thrombocytopenia 

 Phenytoin, phenylbutazone 

 Hemolytic anemia and jaundice  Dapsone, alpha methyldopa 

might be the last drug initiated, although by no means this 
is certain. An International Consensus Meeting (1990) pro-
vides an approach to the diagnosis of drug-induced acute 
hepatitis and links the hepatic injury and liver enzymes lev-
els to drug discontinuation  [  116  ]  (Table  41.6 ).  

 Physical examination ascertains presence of fever, rash, 
arthritis, and jaundice, in addition to features of chronic liver 
disease and failure. History must include alcohol use, pre-
ceding episodes of hypotension or hypoxia, hypothermia, 
heart failure, and sepsis. Other causes of liver disease must 
be excluded with appropriate biochemical, serological, and 
radiological investigations. 

 DILI may be associated with extrahepatic systemic fea-
tures (Table  41.7 ). Presence of fever, rash, and eosinophilia 
suggest drug hypersensitivity, although speci fi c in vitro 
investigations with proven sensitivity and speci fi city are not 

available. Because most hepatic drug reactions are “dose 
independent,” blood levels of drug or metabolite are seldom 
of diagnostic value; the exceptions being acetaminophen and 
aspirin-induced hepatitis.  

 Liver biopsy, although not indicated for most, is reserved 
for those with acute liver injury that fails to resolve follow-
ing cessation of drug or supplement. Liver biopsy is valuable 
in certain situations: underlying liver disease, suspicion of 
autoimmune hepatitis despite negative serology, available 
clues for alternative explanations for liver injury, or a com-
plex differential diagnosis that includes DILI. Liver biopsy 
identi fi es the pattern and degree of injury. The pathologist 
can classify the liver injury, aiding the clinician in  differential 
diagnosis.  

   Management 

 With any clinical suspicion of DILI, the  fi rst step is to discon-
tinue the causative drug(s). Liver injury is assessed and moni-
tored with serial measures of liver function. Most cases improve 
upon withdrawal of the suspected medication(s). Spontaneous 
resolution occurs in most, but normalization of liver function 
may take days to months, while some progress to cirrhosis. 
Rechallenge is not advisable, since recurrent injury may be 
more severe than the initial insult, especially with immunologic 
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injury. DILI can be associated with signi fi cant mortality; pres-
ence of jaundice, coagulopathy, or encephalopathy may war-
rant hospitalization for close monitoring. 

 Hospitalized cases of severe DILI may be candidates for 
liver transplant because of potential poor outcomes. Attention 
may be paid to Hy’s law  [  117  ] ; the combination of severe 
acute hepatocellular injury with clinical jaundice (i.e., total 
biliribin >2.5 mgs/dL and three times elevation of ALT), 
with no other accountable reason (such as hepatitis), has 
been associated with poor prognosis and a case fatality rate 
of 10–50%. The observation is used by regulatory agencies 
to evaluate investigational drugs to demonstrate potential 
hepatototoxic signals during trials  [  117,   118  ] . 

 Corticosteroids do not have a signi fi cant role in the treat-
ment of most forms of DILI except in rare cases of drug-
induced autoimmune hepatitis  [  47,   119  ] .  

   Geriatric Patients Are Susceptible 

 Older individuals are subject to polypharmacy and are 
 susceptible. Newer methods to  predict injury prior to their 
occurrence must address  predisposing factors and the emerg-
ing  fi eld of pharmacogenomics  [  120  ] . Several candidate 
genes conferring susceptibility to DILI have been identi fi ed. 
The primary physician and gastroenterologist have a huge 
task to monitor their patients to prevent and detect liver injury 
at the earliest  [  121  ] . An approach to prevention and manage-
ment of DILI is provided in Table  41.8 .  

  Key Points 

    DILI is common in the geriatric population, in part linked • 
to the prevalence of polypharmacy in this age group.  
  Abnormal liver function in the older adult, especially of • 
new or unexplained onset, warrants consideration for a 
drug-associated basis.  
  The role for herbal medications and dietary supplements • 
in DILI must not escape attention, either on their own or 
in conjunction with other drugs.  
  Patterns of liver injury differ markedly; the most common • 
injuries are hepatocellular, cholestatic, and mixed patterns.  
  Discontinuing the offending agent usually reverses the • 
hepatic damage; the extent and time for resolution is 
highly variable.  
  Common offenders include acetaminophen and • 
antimicrobials.  
  Liver transplantation has a role in severe liver injury if • 
early referral takes place.  
  Corticosteroids do not play a signi fi cant role in • 
management.  

  Ultimately, prevention and diagnosis of DILI is in the • 
hands of the provider, with knowledge of geriatric phar-
macology paramount.          

      References 

    1.    Larrey D. Epidemiology and individual susceptibility to adverse 
drug reactions affecting the liver. Semin Liver Dis. 2002; 
22:145–55.  

    2.    Bell LN, Chalasani N. Epidemiology of idiosyncratic drug-in-
duced liver injury. Semin Liver Dis. 2009;29:337–47.  

    3.    Au JS, Navarro VJ, Rossi S. Review article: drug-induced liver 
injury—its pathophysiology and evolving diagnostic tools. 
Aliment Pharmacol Ther. 2011;10:1365–2036.  

   Table 41.8    An approach to drug-induced liver injury   

 Obtain a careful drug history 
 Current and past medication history 
 Use of herbal medications, nutritional supplements, and over-the-
counter medications 
 Determine the precise dose, duration, and timing of drug ingestion 
 Determine a temporal relationship between exposure to known 
hepatotoxic agent and injury 
 If on multiple drugs, the most recently added drug prior to injury 
may be responsible 
 Criteria for DILI (Table  41.6 ) may be helpful 

 Exclude other causes of liver disease 
 Viral hepatitis 
 Alcoholism 
 Biliary abnormalities 
 Hemodynamic abnormalities: shock or heart failure and ischemic 
liver injury 
 Autoimmune liver 
 Hereditary diseases (such as hemochromatosis and Wilson’s 
disease) 

 Steps following identi fi cation of a causative agent 
 Improvement occurs if offending drug is discontinued, although 
worsening may continue for weeks 
 Rechallenge is not prudent, since recurrence may be more severe, 
especially with immunologic drug injury 
 Hospitalize and closely monitor in presence of jaundice, coagul-
opathy, or encephalopathy 
 Steroids have little role in management (exception: autoimmune 
drug injury) 
 In severe cases of DILI, transplantation is an option 

 Prevention of DILI 
 Prevention is more important than treatment in drug-induced injury! 
 For dose-dependent hepatotoxins, adhere to dosage guidelines or 
monitor with blood levels 
 Clear communication between the physician and patient with 
recommendations on dose limitations help prevent most instances 
of liver injury 
 Polypharmacy must be addressed wherever possible 
 Providers must report suspected adverse effects to monitoring 
agencies during postmarketing surveillance of new drugs 



418 I. Donepudi et al.

    4.    Ostapowicz G, Fontana RJ, Schiodt FV, et al. Results of a prospec-
tive study of acute liver failure at 17 tertiary care centers in the 
United States. Ann Intern Med. 2002;137:947–54.  

    5.    Reuben A, Koch DG, Lee WM. Drug-induced acute liver failure: 
results of a U.S. multicenter, prospective study. Hepatology. 
2010;52(6):2065–76.  

    6.    Sgro C, Clinard F, Ouazir K, et al. Incidence of drug-induced 
hepatic injuries: a French population-based study. Hepatology. 
2002;36:451–5.  

    7.    Andrade RJ, Lucena MI, Fernandez MC, et al. Drug-induced liver 
injury: an analysis of 461 incidences submitted to the Spanish reg-
istry over a 10-year period. Gastroenterology. 2005;129:512–21.  

    8.    Daly AK, Day CP. Genetic association studies in drug-induced 
liver injury. Semin Liver Dis. 2009;29:400–11.  

    9.    Wilke RA, Lin DW, Roden DM, et al. Identifying genetic risk fac-
tors for serious adverse reactions; current progress and challenges. 
Nat Rev Drug Discov. 2007;6:904–16.  

    10.    Chalasani N, Bjornson E. Risk factors for idiosyncratic drug-in-
duced liver injury. Gastroenterology. 2010;138(7):2246–59.  

    11.    Tujios S, Fontana RJ, et al. Mechanisms of drug-induced liver 
injury: from bedside to bench. Nat Rev Gastroenterol Hepatol. 
2011;8(4):202–11.  

    12.    Cotreau MM, von Moltke LL, Greenblatt DJ. The in fl uence of age 
and sex on the clearance of cytochrome P450 3A substrates. Clin 
Pharmacokinet. 2005;44:33–60.  

    13.    Andrade RJ, Robles M, Ulzurrun E, et al. Drug-induced liver 
injury: insights from genetic studies. Pharmacogenomics. 
2009;10:1467–87.  

    14.    Walgren JL, Mitchell MD, Thompson DC. Role of metabolism in 
drug-induced idiosyncratic hepatotoxicity. Crit Rev Toxicol. 
2005;35:325–61.  

    15.    Huang YS. Genetic polymorphisms of drug-metabolizing enzymes 
and the susceptibility to antituberculosis drug-induced liver injury. 
Expert Opin Drug Metab Toxicol. 2007;3:1–8.  

    16.    Shimizu Y, Dobashi K, Mita Y, et al. DNA microarray genotyping 
of N-acetyltransferase 2 polymorphism using carbodiimide as the 
linker for assessment of isoniazid hepatotoxicity. Tuberculosis 
(Edinb). 2006;86:374–81.  

    17.    Huang YS, Chern HD, Su WJ, et al. Polymorphism of the 
N-acetyltransferase 2 gene as a susceptibility risk factor for anti-
tuberculosis drug-induced hepatitis. Hepatology. 2002;35:883–9.  

    18.    Lucena MI, Andrade RJ, Martinez C, et al. Glutathione S-transferase 
m1 and t1 null genotypes increase susceptibility to idiosyncratic 
drug-induced liver injury. Hepatology. 2008;48:588–96.  

    19.    Hautekeete ML, Horsmans Y, Van Waeyenberge C, et al. HLA 
association of amoxicillin-clavulanate–induced hepatitis. 
Gastroenterology. 1999;117:1181–6.  

    20.    Daly AK, Donaldson PT, Bhatnagar P, et al. HLA-B*5701 geno-
type is a major determinant of drug-induced liver injury due to 
 fl ucloxacillin. Nat Genet. 2009;41:816–21.  

    21.    Aithal GP, Ramsay L, Daly AK, et al. Hepatic adducts, circulating 
antibodies, and cytokine polymorphisms in patients with 
diclofenac hepatotoxicity. Hepatology. 2004;39:1430–40.  

    22.    Fredriksson L, Herpers B, Benedetti G, et al. Diclofenac inhibits 
tumor necrosis factor  a -induced nuclear factor- k B activation causing 
synergistic hepatocyte apoptosis. Hepatology. 2011;53(6):2027–41.  

    23.    Pauli-Magnus C, Meier PJ. Hepatobiliary transporters and drug 
induced cholestasis. Hepatology. 2006;44:778–87.  

    24.    Ho RH, Kim RB. Transporters and drug therapy: implications for 
drug disposition and disease. Clin Pharmacol Ther. 2005;78:
260–77.  

    25.    Noe J, Kullak-Ublick GA, Jochum W, et al. Impaired expression 
and function of the bile salt export pump due to three novel 
ABCB11 mutations in intrahepatic cholestasis. J Hepatol. 
2005;43:536–43.  

    26.    Lang C, Meier Y, Stieger B, et al. Mutations and polymorphisms 
in the bile salt export pump and the multidrug resistance protein3 
associated with drug-induced liver injury. Pharmacogenet 
Genomics. 2007;17:47–60.  

    27.    Begriche K, Massart J, Robin MA, et al. Drug-induced toxicity on 
mitochondria and lipid metabolism: mechanistic diversity and del-
eterious consequences for the liver. J Hepatol. 2011;54(4):
773–94.  

    28.    Fountain FF, Tolley E, Chrisman CR, et al. Isoniazid hepatotoxic-
ity associated with treatment of latent tuberculosis infection: a 
7-year evaluation from a public health tuberculosis clinic. Chest. 
2005;128:116–23.  

    29.    Wynne HA, Cope LH, Mutch E, et al. The effect of age upon liver 
volume and apparent liver blood  fl ow in healthy men. Hepatology. 
1989;9:297–301.  

    30.    Lucena MI, Andrade RJ, Kaplowitz N, et al. Phenotypic charac-
terization of idiosyncratic drug-induced liver injury: the in fl uence 
of age and gender. Hepatology. 2009;49:2001–9.  

    31.    Chalasani N, Fontana RJ, Bonkovsky HL, et al. Causes, clinical 
features, and outcomes from a prospective study of drug-induced 
liver injury in the United States. Gastroenterology. 2008;135:
1924–34.  

    32.    De Valle MB, Av Klinteberg V, Alem N, et al. Drug induced liver 
injury in a Swedish University hospital out-patient hepatology 
clinic. Aliment Pharmacol Ther. 2006;24:1187–95.  

    33.    Fernandez-Liz E, Modamio P, Catalán A, Lastra CF, Rodriguez T, 
Mariño EL. Identifying how age and gender in fl uence prescription 
drug use in a primary health care environment in Catalonia, Spain. 
Br J Clin Pharmacol. 2007;65:407–17.  

    34.    Zimmerman HJ. Drug induced liver disease. In: Zimmerman HJ, 
editor. Hepatotoxicity: the adverse effects of drugs and other 
chemicals on the liver. 2nd ed. Philadelphia: Lippincott, Williams 
& Wilkins; 1999. p. 427–50.  

    35.    Gopaul S, Farrell K, Abbott F. Effects of age and polytherapy, risk 
factors of valproic acid (VPA) hepatotoxicity, on the excretion of 
thiol conjugates of (E)-2,4-diene VPA in people with epilepsy tak-
ing VPA. Epilepsia. 2003;44:322–8.  

    36.    Lucena MI, Carvajal A, Andrade RJ, et al. Antidepressants 
induced hepatotoxicity. Expert Opin Drug Saf. 2003;2:1–14.  

    37.    Andrejak A, Davion T, Gineston JL, et al. Cross hepatotoxicity 
between non-steroidal anti-in fl ammatory drugs. Br Med J (Clin 
Res Ed). 1987;295:180–1.  

    38.    Schmidt LE, Dalhoff K, Poulsen HE. Acute versus chronic alco-
hol consumption in acetaminophen induced hepatotoxicity. 
Hepatology. 2002;35:876–82.  

    39.    Malatjalian DA, Ross JB, Williams CN, et al. Methotrexate hepa-
totoxicity in psoriatics: report of 104 patients from Nova Scotia, 
with analysis of risks from obesity, diabetes and alcohol consump-
tion during long term follow-up. Can J Gastroenterol. 
1996;10:369–75.  

    40.    Sulkowski MS, Thomas DL, Chaisson RE, et al. Hepatotoxicity 
associated with antiretroviral therapy in adults infected with 
human immunode fi ciency virus and the role of hepatitis C or B 
virus. JAMA. 2000;283:74–80.  

    41.    Sulkowski MS, Thomas DL, Mehta SH, et al. Hepatotoxicity 
associated with nevirapine or efavirenz-containing antiretroviral 
therapy: role of hepatitis C and B infections. Hepatology. 
2002;35(1):182–9.  

    42.    Bonacini M. Liver injury during highly active antiretroviral ther-
apy: the effect of hepatitis C coinfection. Clin Infect Dis. 2004;38 
Suppl 2:S104–8.  

    43.    Ungo JR, Jones D, Ashkin D, et al. Antituberculosis drug-induced 
hepatotoxicity. The role of hepatitis C virus and the human 
immunode fi ciency virus. Am J Respir Crit Care Med. 
1998;157:1871–6.  



41941 Drug-Induced Liver Injury

    44.    Ekstedt M, Franzen LE, Mathiesen UL, et al. Statins in nonalco-
holicfatty liver disease and chronically elevated liver enzymes: a 
histopathological follow-up study. J Hepatol. 2007;47:135–41.  

    45.    Chalasani N, Aljadhey H, Kesterson J, et al. Patients with elevated 
liver enzymes are not at higher risk for statin hepatotoxicity. 
Gastroenterology. 2004;126(5):1287–92.  

    46.    Dharmarajan TS, Pitchumoni CS, Kumar KS. Drug-induced liver 
disease in older adults. Pract Gastroenterol. 2001;25:43–60.  

    47.    Czaja AJ. Drug-induced autoimmune-like hepatitis. Dig Dis Sci. 
2011;56(4):958–76.  

    48.    Chitturi S, Farrell GC. Drug-induced cholestasis. Semin 
Gastrointest Dis. 2001;12:113–24.  

    49.    Cullen JM. Mechanistic classi fi cation of liver injury. Toxicol 
Pathol. 2005;33:6–8.  

    50.    Kum LC, Chan WW, Hui HH, et al. Prevalence of amiodarone-
related hepatotoxicity in 720 Chinese patients with or without 
baseline liver dysfunction. Clin Cardiol. 2006;29:295–9.  

    51.    Miller KD, Cameron M, Wood LV, et al. Lactic acidosis and 
hepatic steatosis associated with use of stavudine: report of four 
cases. Ann Intern Med. 2000;133:192–6.  

    52.    Bleeker-Rovers CP, Kadir SW, van Leusen R, et al. Hepatic steato-
sis and lactic acidosis caused by stavudine in an HIV-infected 
patient. Neth J Med. 2000;57:190–3.  

    53.    Gaya DR, Thorburn D, Oien KA, et al. Hepatic granulomas: a 10 
year single centre experience. J Clin Pathol. 2003;56:850–3.  

    54.    Mays ET, Christopherson W. Hepatic tumors induced by sex ste-
roids. Semin Liver Dis. 1984;4:147–57.  

    55.    Giannitrapani L, Soresi M, La Spada E, et al. Sex hormones and 
risk of liver tumor. Ann N Y Acad Sci. 2006;1089:228–36.  

    56.    Bessems JG, Vermeulen NP. Paracetamol (acetaminophen)-in-
duced toxicity: molecular and biochemical mechanisms, analogues 
and protective approaches. Crit Rev Toxicol. 2001;31:55–138.  

    57.    Schmidt LE. Age and paracetamol self-poisoning. Gut. 2005;54(5): 
686–90.  

    58.    Fontana RJ. Acute liver failure including acetaminophen over-
dose. Med Clin North Am. 2008;92(4):761–94.  

    59.    Lee WM. Acetaminophen and the US Acute Failure Study Group: 
lowering the risks of hepatic failure. Hepatology. 2004;40(1):
6–9.  

    60.   U.S. Food and Drug Administration. FDA Drug Safety 
Communication. Prescription acetaminophen products to be limited 
to 325 mg per dosage unit; boxed warning.      www.fda.gov/Drugs/
DrugSafety/ucm239821.htm    . Accessed 14 March 2011.  

    61.    Lucena MI, Andrade RJ, Fernández MC, et al. Determinants of 
the clinical expression of amoxicillin-clavulanate hepatotoxic-
ity: a prospective series from Spain. Hepatology. 2006;44:
850–6.  

    62.    Devereaux BM, Crawford DH, Purcell P, Powell LW, Roeser HP. 
Flucloxacillin associated cholestatic hepatitis. An Australian 
and Swedish epidemic? Eur J Clin Pharmacol. 1995;49(1–2):
81–5.  

    63.    Koulaouzidis A, Bhat S, Moschos J, et al. Nitrofurantoin-induced 
lung- and hepatotoxicity. Ann Hepatol. 2007;6:119–21.  

    64.    Peedikayil MC, Dahhan TI, Al Ashgar HI. Nitrofurantoin-induced 
fulminant hepatitis mimicking autoimmune hepatitis. Ann 
Pharmacother. 2006;40:1888–9.  

    65.    Carson JL, Strom BL, Duff A, et al. Acute liver disease associated 
with erythromycins, sulfonamides, and tetracyclines. Ann Intern 
Med. 1993;119:576–83.  

    66.    Windecker R, Steffen J, Cascorbi I, et al. Co-trimoxazole induced 
liver and renal failure. Eur J Clin Pharmacol. 2000;56:191–3.  

    67.    Lazarczyk DA, Goldstein NS, Gordon SC. Trova fl oxacin hepato-
toxicity. Dig Dis Sci. 2001;46:925–6.  

    68.    Lucena MI, Andrade RJ, Rodrigo L, et al. Trova fl oxacin-induced 
acute hepatitis. Clin Infect Dis. 2000;30(2):400–1.  

    69.    Tostmann A, Boeree MJ, Aarnoutse RE, et al. Antituberculosis 
drug-induced hepatotoxicity: concise up-to-date review. 
J Gastroenterol Hepatol. 2008;23(2):192–202.  

    70.    Durand F, Bernuau J, Pessayre D, et al. Deleterious in fl uence of 
pyrazinamide on the outcome of patients with fulminant or subful-
minant liver failure during antituberculous treatment including 
isoniazid. Hepatology. 1995;21:929–32.  

    71.    De Rosa HJ, Baldan HM, Brunetti IL, et al. The effect of pyrazin-
amide and rifampicin on isoniazid metabolism in rats. Biopharm 
Drug Dispos. 2007;28(6):291–6.  

    72.    Maddrey WC, Boitnott JK. Severe hepatitis from methyldopa. 
Gastroenterology. 1975;68:351–60.  

    73.    Hagmeyer KO, Stein J. Hepatotoxicity associated with carvedilol. 
Ann Pharmacother. 2001;35:1364–6.  

    74.    Clark J, Zimmerman HJ, Tanner L. Labetalol hepatotoxicity. Ann 
Intern Med. 1990;113:210–3.  

    75.    Jori GP, Peschile C. Hydralazine disease associated with tran-
sient granulomas in the liver: a case report. Gastroenterology. 
1973;64: 1163–7.  

    76.    Nunes AC, Amaro P, Mac as F, et al. Fosinopril-induced prolonged 
cholestatic jaundice and pruritus:  fi rst case report. Eur J 
Gastroenterol Hepatol. 2001;13:279–82.  

    77.    Yeung E, Wong FS, Wanless IR, et al. Ramipril-associated hepa-
totoxicity. Arch Pathol Lab Med. 2003;127:1493–7.  

    78.    Andrade RJ, Lucena MI, Fernandez MC, et al. Cholestatic hepati-
tis related to use of irbesartan: a case report and a literature review 
of angiotensin II antagonist-associated hepatotoxicity. Eur J 
Gastroenterol Hepatol. 2002;14:887–90.  

    79.    Tabak F, Mert A, Ozaras R, et al. Losartan-induced hepatic injury. 
J Clin Gastroenterol. 2002;34:585–6.  

    80.    Kiykim A, Altintas E, Sezgin O, et al. Valsartan-induced hepato-
toxicity in a HBsAg positive patient. Am J Gastroenterol. 
2003;98:507.  

    81.    Altuntas Y, Ozturk B, Erdem L, et al. Phenytoin-induced toxic 
cholestatic hepatitis in a patient with skin lesions: case report. 
South Med J. 2003;96:201–3.  

    82.    Mitchell MC, Boitnott JK, Arregui A, et al. Granulomatous hepa-
titis associated with carbamazepine therapy. Am J Med. 1981;71:
733–5.  

    83.    Bilo L, Meo R, de Leva MF, et al. Levetiracetam in patients with 
epilepsy and chronic liver disease: observations in a case series. 
Clin Neuropharmacol. 2008;31(4):221–5.  

    84.    O’Connor N, Dargan PI, Jones AL. Hepatocellular damage from 
non-steroidal anti-in fl ammatory drugs. QJM. 2003;96:787.  

    85.    Boelsterli UA. Diclofenac-induced liver injury: a paradigm of idio-
syncratic drug toxicity. Toxicol Appl Pharmacol. 2003;192:307–22.  

    86.    Fontana RJ, McCashland TM, Benner KG, et al. Acute liver fail-
ure associated with prolonged use of bromfenac leading to liver 
transplantation. The Acute Liver Failure Study Group. Liver 
Transpl Surg. 1999;5:480–4.  

    87.    Tarazi EM, Harter JG, Zimmermann HJ, et al. Sulindac associated 
hepatic injury: analysis of 91 cases reported to the Food and Drug 
Administration. Gastroenterology. 1993;104:569–74.  

    88.    Javier Rodriguez-Gonzalez F, Montero JL, Puente J, et al. 
Orthotopic liver transplantation after subacute liver failure induced 
by therapeutic doses of ibuprofen. Am J Gastroenterol. 2002;97:
2476–7.  

    89.    Watkins PB, Zimmerman HJ, Knapp MJ, et al. Hepatotoxic effects 
of tacrine administration in patients with Alzheimer’s disease. 
JAMA. 1994;271:992–8.  

    90.    Olanow CW, Watkins PB. Tolcapone: an ef fi cacy and safety 
review. Clin Neuropharmacol. 2007;30:287–94.  

    91.    Grimbert S, Pessayre D, Degott C, et al. Acute hepatitis induced 
by HMG-CoA reductase inhibitor, lovastatin. Dig Dis Sci. 
1994;39:2032–3.  

http://www.fda.gov/Drugs/DrugSafety/ucm239821.htm
http://www.fda.gov/Drugs/DrugSafety/ucm239821.htm


420 I. Donepudi et al.

    92.    Hartleb M, Rymarczyk G, Januszewski K. Acute cholestatic hepatitis 
associated with pravastatin. Am J Gastroenterol. 1999;94:1388–90.  

    93.    Ballare M, Campanini M, Catania E, et al. Acute cholestatic hepa-
titis during simvastatin administration. Recenti Prog Med. 
1991;82:233–5.  

    94.    Pelli N, Setti M, Ceppa P, et al. Autoimmune hepatitis revealed by 
atorvastatin. Eur J Gastroenterol Hepatol. 2003;15:921–4.  

    95.    Ritzel U, Leonhardt U, Nather M, et al. Simvastatin in primary 
biliary cirrhosis: effects on serum lipids and distinct disease mark-
ers. J Hepatol. 2002;36(4):454–8.  

    96.    Avins AL, Manos MM, Levin TR, et al. Lovastatin is not hepato-
toxic to patients with pre-existing liver disease. Gastroenterology. 
2006;130:A-595.  

    97.    de Denus S, Spinler SA, Miller K, Peterson AM. Statins and liver 
toxicity: a meta-analysis. Pharmacotherapy. 2004;24(5):584–91.  

    98.    Cohen DE, Anania FA, Chalasani N; National Lipid Association 
Statin Safety Task Force Liver Expert Panel. An assessment of sta-
tin safety by hepatologists. Am J Cardiol. 2006;97(8A): 77C–81.  

    99.    McKenny JM, Proctor JD, Harris S, et al. A comparison of the 
ef fi cacy and toxic effects of sustained vs. immediate-release nia-
cin in hypercholesterolemic patients. JAMA. 1994;271:672–7.  

    100.    Cai Q, Benson MA, Talbot TJ, et al. Acute hepatitis due to 
 fl uoxetine therapy. Mayo Clin Proc. 1999;74:692–4.  

    101.    Benbow SJ, Gill G. Paroxetine and hepatotoxicity. BMJ. 
1997;314:1387–8.  

    102.    Fernandes NF, Martin RR, Schenker S. Trazodone-induced hepa-
totoxicity: a case report with comments on drug-induced hepato-
toxicity. Am J Gastroenterol. 2000;95:532–5.  

    103.    Aranda-Michel J, Koehler A, Bejarano PA, et al. Nefazodone-
induced liver failure: report of three cases. Ann Intern Med. 
1999;130:285–8.  

    104.    Chojkier M. Troglitazone and liver injury: in search of answers. 
Hepatology. 2005;41:229–30.  

    105.    Marcy TR, Britton ML, Blevins SM. Second-generation thiazolidin-
ediones and hepatotoxicity. Ann Pharmacother. 2004;38: 1419–23.  

    106.    Chounta A, Zouridakis S, Ellinas C, et al. Cholestatic liver injury 
after glimepiride therapy. J Hepatol. 2005;42:944–6.  

    107.    Desilets DJ, Shorr AF, Moran KA, et al. Cholestatic jaundice 
associated with the use of metformin. Am J Gastroenterol. 
2001;96:2257–8.  

    108.    Lopez-Garcia F, Borras J, Verdu C, et al. Cholestatic hepatitis 
associated with repaglinide. Diabetes Care. 2005;28:752–3.  

    109.    Yellapu RK, Mittal V, Grewal P, et al. Acute liver failure caused by 
‘fat burners’ and dietary supplements: a case report and literature 
review. Can J Gastroenterol. 2011;25(3):157–60.  

    110.    Schoepfer AM, Engel A, Fattinger K, et al. Herbal does not mean 
innocuous: ten cases of severe hepatotoxicity associated with 
dietary supplements from Herbalife products. J Hepatol. 2007;47:
521–6.  

    111.    Stickel F, Patsenker E, Schuppan D. Herbal hepatotoxicity. 
J Hepatol. 2005;43:901–10.  

    112.    Chitturi S, Farrell G. Herbal hepatotoxicity: an expanding but 
poorly de fi ned problem. J Gastroenterol Hepatol. 2000;15:
1093–9.  

    113.    Mei N, Guo L, Fu PP, et al. Metabolism, genotoxicity, and carci-
nogenicity of comfrey. J Toxicol Environ Health B Crit Rev. 
2010;13(7–8):509–26.  

    114.    Teschke R, et al. Kava hepatotoxicity–a clinical review. Ann 
Hepatol. 2010;9(3):251–65.  

    115.    Sharma T, Wong L, Tsai N, et al. Hydroxycut (herbal weight loss 
supplement) induced hepatotoxicity: a case report and review of 
literature. Hawaii Med J. 2010;69(8):188–90.  

    116.    Benichou C, Bankowski Z, Begaud B, et al. Criteria of drug-in-
duced liver disorders. Report of an international consensus meet-
ing. J Hepatol. 1990;11:272–6.  

    117.    Reuben A. Hy’s law. Hepatology. 2004;39(2):574–8.  
    118.    Senior JR. Regulatory perspectives. In: Kaplowitz N, DeLeve LD, 

editors. Drug-induced liver disease. New York: Marcel Dekker; 
2003. p. 739–54.  

    119.    Giannattasio A, D’Ambrosi M, Volpicelli M, Iorio R. Steroid 
therapy for a case of severe drug-induced cholestasis. Ann 
Pharmacother. 2006;40:1196–9.  

    120.    Kitzmiller JP, Groen DK, Phelps MA, Sadee W. Pharmacogenommic 
testing: relevance in medical practice. Why some drugs works in 
some patients but not in others. Cleve Clin J Med. 2011;78(4):
243–57.  

    121.    Liss G, Rattan S, Lewis JH. Predicting and preventing acute drug 
induced liver injury: what’s new in 2010? Expert Opin Drug 
Metab Toxicol. 2010;6(9):1047–61.      



421C.S. Pitchumoni and T.S. Dharmarajan (eds.), Geriatric Gastroenterology, 
DOI 10.1007/978-1-4419-1623-5_42, © Springer Science+Business Media, LLC 2012

         Introduction 

 Gallbladder disease includes a wide range of presentations 
ranging from total asymptomatic to malignancy. Some dis-
orders such as emphysematous cholecystitis and gallblad-
der cancer are common in the older age group. Geriatric 
patients are vulnerable to complications of cholelithiasis 
and associated morbidity and mortality. Treatment strate-
gies are best individualized as comorbidity is a common 
association.  

   Cholelithiasis 

   Epidemiology 

 Gallstones are present in about 10% of the US population, 
with approximately 1,000,000 new cases of cholelithiasis 
diagnosed annually  [  1  ] . About 25% of adults older than 50 
years develop gallstones. Cholelithiasis increases with age, 
to involve approximately 35% of women and 20% of men by 
the eighth decade of life. Gallstone disease increases overall 
morbidity and mortality  [  2  ] . 

 Table  42.1  lists the common risk factors for cholelithiasis 
and include age, female sex, obesity, and heredity. In one 
study, tobacco, caffeine, and vegetarian diet did not affect the 
prevalence of gallstones, alcohol consumption demonstrated a 
protective effect  [  3  ] . A study in Northern India found a 

signi fi cantly increased risk associated with female gender, 
multiparity, genetic history, and males with diabetes  [  4  ] .   

   Pathogenesis 

 Gallstones are of three types: cholesterol stones (70–80% of 
cases), black-pigment stones, and brown pigment stones. 
Several factors contribute to formation of cholesterol gall-
stones, including cholesterol supersaturation in bile, accel-
erated nucleation of cholesterol crystals, gallbladder 
hypomotility, and increased secretion of mucin by the gall-
bladder. Hypercholesterolemia predisposes to gallstone for-
mation due to mutation in the CYP7A1 gene and a resultant 
decline in the enzyme cholesterol 7-hydroxylase  [  5  ] . 
Additionally, MDR3 gene mutations may result in defective 
phospholipid secretion into bile and cholesterol supersatu-
ration  [  6  ] . Supersaturation by itself is insuf fi cient to form 
gallstones. Nucleation of cholesterol monohydrate crystals 
is also important; the process is accelerated by either an 
excess of proneucleating or a de fi ciency of antinucleating 
factors.  

   Clinical Features 

 The vast majority of gallstones are asymptomatic and are 
found incidentally during abdominal imaging for other rea-
sons. Symptoms may result from in fl ammation or obstruc-
tion in the cystic or common bile duct. The presentation may 
be biliary pain (sharp, right upper quadrant pain) and a cre-
scendo-decrescendo course lasting 30–120 min with nausea 
and vomiting. Presentations associated with complications 
include cholecystitis, pancreatitis, obstructive jaundice, cho-
langitis, gangrenous gallbladder, or Mirrizzi’s syndrome 
(where a stone impacted in the cystic duct causes in fl ammation 
and erodes into the common hepatic duct). A rare (0.3–0.5%) 
but serious complication of cholelithiasis is gallstone ileus, a 
complication more common in the old and female gender  [  7  ] . 
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Less recognized presentations include cholecystochole-
dochal  fi stula and Bouveret’s syndrome (a type of gallstone 
ileus where the stone is lodged in the duodenum or the stom-
ach, resulting from a biliary-enteric  fi stula).  

   Diagnosis 

 Once gallstone disease is suspected based on the clinical pre-
sentation, differential diagnoses include peptic ulcer disease, 
nonsteroidal anti-in fl ammatory drug (NSAID)-induced ulcer 
disease, atypical re fl ux, sphincter of Oddi dysfunction, irri-
table bowel syndrome, pancreatitis, and other causes of acute 
abdominal pain. Since some of these diseases may coexist 
with cholecystitis, a detailed history and elucidation of symp-
toms is important. Physical examination and laboratory stud-
ies may be normal in patients with symptomatic cholelithiasis, 
but are abnormal in patients with complicated disease such 
as cholecystitis or common bile duct stones. Imaging studies 
are useful in diagnosis; the most sensitive tests are transab-
dominal ultrasound, endosonography (EUS), and magnetic 
resonance cholangiopancreatography. Oral cholecystogra-
phy, currently obsolete, plain x-ray of the abdomen, and even 
computed tomography (CT) are less sensitive for the detec-
tion of gallstone disease.  

   Treatment 

 The presence of gallstones by itself is not an indication for 
intervention. The Group for Epidemiology and Prevention 
for Cholelithiasis (GREPCO)  [  8  ]  studied the natural history 

of gallstones and found that symptomatic cholelithiasis 
developed in 12% of persons at 2 years and 26% of those by 
10 years. Additionally, complications occurred in 3% of 
patients who were initially asymptomatic and in 6.5% of 
symptomatic patients at 10 years  [  8  ] . The recurrence of bil-
iary pain after a symptomatic stone is very high;  [  9  ]  hence, 
intervention is warranted in all patients who present with bil-
iary pain or complications. 

 Treatment for symptomatic gallstone disease is chole-
cystectomy. With advances in anesthesia and surgical tech-
niques, urgent cholecystectomy carries the same outcome 
in the old as in the young. Laparoscopic cholecystectomy 
is the standard of care, but open cholecystectomy may be 
needed in a small number of patients. Of note, while lap-
aroscopic cholecystectomy in elderly patients is preferred 
to the open technique, it is associated with higher compli-
cation rates and longer lengths of hospital stay as com-
pared to the younger population  [  10  ] . Further, an 
uncommon, but serious complication of cholecystectomy 
is bile duct injury. While the identi fi ed risk factors for this 
complication are acute cholecystitis, male sex, older age, 
and aberrant biliary anatomy, Asian race/ethnicity may be 
a risk factor in patients undergoing both laparoscopic and 
open cholecystectomies  [  11  ] . 

 Natural Ori fi ce Transluminal Endoscopic Surgery 
(NOTES) cholecystectomy is undergoing evaluation  [  12  ] . 
Patients with complicated disease, such as common bile duct 
pathology, require investigation with a cholangiogram. 

 Ursodeoxycholic acid (UCDA) a therapy used for dis-
solution of gallstones, has become nearly obsolete. Only 
a few patients with a functioning gallbladder and radiolu-
cent stones <10 mm may experience complete dissolu-
tion, which may take up to 2 years of therapy  [  13  ] . Stones 
recur with cessation of medical therapy, and the drug 
is expensive. Recurrent choledocholithiasis after chole-
cystectomy is an indication for long-term treatment with 
UCDA. 

 It should be noted here that, while not a treatment, the use 
of long-term statin therapy (1−2 years or more) does reduce 
the risk of gallstone disease as the majority of gallstones 
originate from cholesterol-supersaturated bile  [  14  ] .   

   Choledocholithiasis 

 Common bile duct stones are the most common source of 
biliary pain. Symptoms include biliary colic, jaundice, cho-
langitis, pancreatitis, or patients may be asymptomatic. 
Choledocholitiasis occurs in approximately 15–20% of the 
population with underlying cholelithiasis. Stones in the bile 
duct may also occur in 10% of patients without cholelithiasis 
and in 5% of patients status postcholecystectomy.  

   Table 42.1    Risk factors for gallstones  [  3,   4  ]    

 Risk factor  Type of gallstone 

 Increasing age  Cholesterol stones 
 Gender (female >male)  Cholesterol stones 
 Demographic/genetic factors  Cholesterol stones 
 Obesity  Cholesterol stones 
 Rapid weight loss  Cholesterol stones 
 Total parenteral nutrition (TPN)  Cholesterol stones 
 Pregnancy  Cholesterol stones 
 Medications (oral contraceptive pills, 
estrogens, progesterones, clo fi brate, 
ceftriazone, octreotide) 

 Cholesterol stones 

 Terminal ileal disease or resection  Cholesterol stones 
 Lipid abnormalities  Cholesterol stones 
 Cirrhosis  Black pigment stones 
 Chronic hemolysis  Black pigment stones 
 Duodenal diverticula  Black pigment stones 
 Biliary stricture  Brown pigment stones 
 Recurrent pyogenic cholangitis  Brown pigment stones 
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   Acute Cholangitis 

 Acute cholangitis is a bacterial infection superimposed on an 
obstruction of the bile duct most commonly in the setting of 
choledocholithiasis. Charcot’s triad is the symptom complex 
of jaundice, fever, and right upper quandrant pain that often 
occurs in cholangitis. Recent studies suggest that this triad 
occurs only in 15–20% of patients. Reynold’s Pentad refers to 
the symptom complex of mental status changes and hypoten-
sion in combination with Charcot’s triad. Patients present with 
mental status changes approximately 10–20% of the time and 
hypotension up to 30% of the time. In the setting of septic 
shock, the diagnosis can be missed up to 25% of the time. 
As such, awareness of these classic  fi ndings is paramount.  

   Treatment of Choledocholithiasis and Acute 
Cholangitis 

 Endoscopic sphincterotomy and stone extraction during 
endoscopic retrograde cholangiopancreatography (ERCP) 
has a success rate >90% and a complication rate of <5% for 
the removal of common bile duct stones. A common bile duct 
stone may also be extracted intraoperatively with common 
bile duct exploration. Though equivalent in success, common 
bile duct exploration is technically more challenging than 
ERCP, endoscopic sphincterotomy, and stone extraction. 
Because of the risks of ascending cholangitis and associated 
sepsis, it is generally recommended that a common bile duct 
stone be extracted whenever it is encountered.  

   Acute Cholecystitis 

   Epidemiology 

 Cholecystitis is the most common complication of gallstone 
disease occurring in 1–3% of patients with symptomatic 
gallstones. It typically affects young healthy women in com-
parison to acalculous cholecystitis, which affects critically ill 
elderly men. The overall mortality from a single episode 
ranges from <1% in young, healthy individuals to 10% in 
elderly or critically ill patients.  

   Pathogenesis 

 Acute cholecystitis occurs when a stone is chronically impacted 
(not transiently as in the case of biliary colic) in the cystic duct, 
gallbladder neck, or Hartman’s pouch (outpunching of the gall-
bladder at the junction of the neck of the gall bladder and the 
cystic duct)  [  15  ] . In the majority of cases, gallbladder wall 

in fl ammation results from calculouscystic duct obstruction 
 [  15  ] . In fl ammation results from several factors: mechanical; 
through intraluminal pressure and distention with resulting 
ischemia of the gallbladder mucosa and wall; chemical, through 
release of lysolecithin; and consequent bacterial in fl ammation. 

 Animal studies have demonstrated that cystic duct liga-
tion alone is insuf fi cient to cause acute cholecystitis  [  16,   17  ] . 
Lysolecithin, detectable in acute cholecystitis, is produced 
from lecithin, a normal bile constituent, by interaction with 
phospholipase A released from gallbladder mucosa follow-
ing gallstone-induced trauma. Prostaglandins may play a 
role in propagation of the in fl ammatory process  [  18  ] . Bacteria 
can be cultured from bile in half the patients with acute 
cholecystitis, but infection is not the triggering event  [  19  ] .  

   Clinical Features 

 Older adults do not always exhibit the classic symptoms, which 
include right upper quadrant or epigastric pain, nausea, and 
vomiting. Up to 75% of patients report prior biliary pain  [  20  ] . 
Pain associated with acute cholecystitis is of longer duration, 
usually lasting >6 h in comparison to biliary colic. Fever and 
leukocytosis are absent in up to 50% of elderly patients  [  21  ] . 
Jaundice, present in 40% of patients, may be caused by Mirizzi’s 
syndrome. Mirizzi’s syndrome refers to bile duct obstruction 
from a large stone(s) impacted in the cystic duct compressing 
transmurally on the bile duct or obstruction as a result of 
chronic in fl ammation from multiple stones in Hartman’s pouch 
of the gallbladder that lead to  fi stula formation between the 
gallbladder and CBD resulting in obstruction. Murphy’s sign is 
a relatively speci fi c  fi nding in acute cholecystitis, but its sensi-
tivity is diminished in the elderly  [  22  ] . It is elicited by palpation 
of the area of the gallbladder fossa during inspiration; inspira-
tory arrest from discomfort is observed with descent of the gall-
bladder. A positive Murphy’s sign in older adults is helpful, but 
a negative sign does not rule out acute cholecystitis. Untreated 
disease may result in gangrene, perforation, gallstone ileus, and 
cholecystoenteric  fi stulas  [  23  ] .  

   Emphysematous Cholecystitis 

 Emphysematous cholecystitis af fl icts men in their  fi fth to 
seventh decades, with a third to half being diabetic  [  24  ] . 
Emphysematous changes are a result of secondary infection 
of the gallbladder wall with gas-forming organisms, includ-
ing  Clostridium welchii ,  Escherichia coli ,  Pseudomonas,  
and  Klebsiella . Abdominal wall crepitus may be elicited 
overlying the gallbladder. Unconjugated hyperbilirubinemia 
resulting from hemolysis due to clostridial infection can 
occur. Emphysematous cholecystitis may progress to gan-
grene, perforation, or other complications  [  25  ] .  
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   Complications of Cholecystitis 

 Prolonged obstruction can lead to gallbladder distention 
with colorless, mucoid  fl uid known as hydrops, resulting 
from absorption of bile pigments within the gallbladder. 
Gangrene and perforation may be a consequence of isch-
emia of the wall and patchy or complete tissue necrosis. 
Another complication of cholecystitis is  fi stula formation 
into an organ adjoining the gallbladder due to in fl ammation 
and adhesion formation. Fistulas commonly occur in the 
duodenum followed by the hepatic  fl exure of the colon, 
stomach or jejunum, abdominal wall, and renal pelvis. 
Gallstone ileus, a form of mechanical intestinal obstruction, 
results from passage of a large gallstone into the bowel 
lumen. Finally, calcium salts secreted into the gallbladder 
lumen may cause precipitation and diffuse, hazy 
opaci fi cation referred to as ‘limey bile.’ Although usually 
innocuous, cholesystectomy is recommended. Porcelain 
gallbladder can occur if calcium salt deposition occurs 
within the wall of a chronically in fl amed gallbladder. 
Patients with porcelain gallbladder are prone to develop 
gallbladder cancer.  

   AIDS Cholangiopathy 

 AIDS cholangiopathy is a late complication caused by cyto-
megalovirus,  Cryptosporidium ,  Microsporium , and 
 Mycobacterium avium  (details discussed in chapter 71) .   

   Diagnosis 

 Ultrasonography is the most useful imaging modality in 
patients suspected to have acute cholecystitis. A sonographic 
Murphy’s sign or focal gallbladder tenderness under the 
transducer has a positive predictive value >90% if gallstones 
are present, the patient is alert, and the operator is skillful 
 [  26  ] . Additional  fi ndings suggestive of acute cholecystitis 
include gallbladder wall thickening >4 mm and perichole-
cystic  fl uid. Ultrasound may fail to satisfactorily visualize 
the distal common duct. 

 Hepatobiliary scintigraphy (HIDA) scan is useful to 
exclude acute cholecystitis if the ultrasound is nondiagnos-
tic. Technetium-labeled hepatic iminodiacetic acid is taken 
up by hepatocytes and excreted into bile. The test is positive 
if the gallbladder is not visualized, indicative of cystic duct 
obstruction. Sensitivity and speci fi city are 97 and 90%, 
respectively. Abdominal CT is useful in detecting complica-
tions of acute cholecystitis, especially pancreatic involve-
ment, and to exclude other intra-abdominal pathology as the 
cause of symptoms.  

   Treatment 

 Patients diagnosed with acute cholecystitis should be admit-
ted to the hospital and be provided intravenous rehydration. 
Antibiotics effective against gram-negative and anaerobic 
bacteria are initiated, although it is unclear if antibiotics are 
necessary in uncomplicated acute cholecystitis. The dura-
tion of antibiotic therapy is dependent upon clinical 
improvement  [  27  ] . 

 The type and timing of de fi nitive therapy depends upon 
symptom severity and the patient’s surgical candidacy. If 
de fi nitive therapy is not pursued during the initial presenta-
tion, the risk of recurrent symptoms is approximately 70%. 
Data in elderly patients with acute cholecystitis show that if 
cholecystectomy is not performed on initial hospitalization, 
the risk of recurrent episodes and readmission increases, as 
also associated costs  [  28  ] . Low-risk patients, de fi ned as 
American Society of Anesthesiologists (ASA) class I and II, 
bene fi t from open or laparoscopic cholecystectomy  [  29  ] . 
Elective laparoscopic cholecystectomy carries lower mor-
bidity and mortality as compared to open cholecystectomy 
 [  29–  31  ] . Further, open cholecystectomy is associated with 
greater length of hospital stay and cost as compared with the 
laparoscopic technique  [  31  ] . In some surgical candidates, a 
cholecystostomy may be followed by delayed elective chole-
cystectomy at a later date. Further, gallstone extraction can 
be performed through the percutaneous catheter. Endoscopic 
transpapillary drainage procedure are palliative measures in 
those deemed nonsurgical candidates  [  32  ] .   

   Acalculous Cholecystitis 

   Epidemiology 

 Acalculous cholecystitis, accounting for 10% of all cases, is 
an in fl ammatory process of the gallbladder and occurs in the 
absence of an obstructing gallstone. Most cases follow pro-
longed immobility, fasting, and hemodynamic instability. 
Predisposition is noted in underlying vascular disease, bone 
marrow transplant recipients, acquired immunode fi ciency 
syndrome, and systemic vasculitides (Table  42.2 )  [  33–  37  ] .   

   Pathogenesis 

 In a healthy patient, the gallbladder empties several times per 
day to rid it of concentrated bile. It re fi lls with dilute bile, 
considered less noxious to the epithelium. The gallbladder 
does not get stimulated to contract and empty in patients in 
the fasting state, and hence, leads to concentration of bile 
within the gallbladder and subsequent noxious injury  [  38  ] . 
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Disturbances in the microcirculation of the gallbladder and 
release of speci fi c mediators associated with tissue injury 
(Factor XII, prostaglandins) are also implicated  [  39  ] . 
Infection of the gallbladder with enteric organisms is proba-
bly secondary rather than a precipitating event  [  40  ] .  

   Clinical Features 

 Acute acalculous cholecystitis carries a more progressive 
course compared to calculous cholecystitis. About half the 
patients have a complication such as gangrene, perforation, or 
empyema by the time the diagnosis is made. Unfortunately, 
the classic features of fever, right upper quadrant pain, 
Murphy’s sign, and leukocytosis are less apparent in older 
adults. An elevated serum amylase or unexplained fever may 
be clues  [  41  ] . Abnormal liver function tests are more common 
in acalculous than calculous cholecystitis and include eleva-
tion of bilirubin, alkaline phosphatase, and transaminases. Up 
to 20% of patients develop jaundice secondary to extrinsic 
compression of the common bile duct from in fl ammation. 
Acalculous cholecystitis is a consideration in postoperative 
patients who develop jaundice  [  42  ] . Sepsis, peritonitis, and 
shock manifest in the setting of a complication. Due to the 
progressive nature of this disease and its occurrence in debili-
tated patients, mortality ranges from 10 to 50%, compared 
with a 1% mortality rate in calculous cholecystitis.  

   Diagnosis 

 Given the signi fi cant mortality in acalculous cholecystitis, 
timely diagnosis is important, with ultrasonography the 
mainstay radiologic modality for diagnosis  [  43–  45  ] . 

Table  42.3  lists ultrasonographic features of acalculous 
cholecystitis; sensitivity rates for detecting acalculous chole-
cystitis are 67–92% and speci fi city rates >90%  [  44  ] . 
Sonographic Murphy’s sign is operator-dependent and 
requires a cooperative patient.  

 The HIDA scan is employed if ultrasonography fails to 
provide a de fi nitive diagnosis. False positive results occur for 
a number of reasons listed in Table  42.4 . False negative tests 
can occur in acalculous disease since these patients do not 
have underlying cystic duct obstruction as a cause of the 
pathology; the gallbladder will  fi ll despite presence of acal-
culous in fl ammation.  

 CT scanning detects gallbladder abnormalities suggestive 
of cholecystitis similar to ultrasonography. It can detect other 
intra-abdominal pathology that could account for the clinical 
manifestations if the gallbladder is normal. CT scanning has 
a disadvantage in that it is not portable to the bedside, espe-
cially for critically ill patients.  

   Treatment 

 Management includes prompt restoration of hemodynamic 
instability and use of antibiotics after blood cultures are 
obtained. Antibiotic therapy is directed towards enteric 
pathogens including  Bacteroides ,  Proteus ,  Pseudomonas , 
 Enterococcus faecalis ,  E. coli,  and  Klebsiella   [  45  ] . 

 Cholecystectomy provides de fi nitive therapy. Although a lap-
aroscopic approach may be dif fi cult due to in fl ammatory encase-
ment, it is preferable in critically ill patients  [  37,   46  ] . Percutaneous 
cholecystosomy performed under radiologic guidance is advised 
in critically ill patients un fi t for surgery. Complications from this 
intervention include peritonitis, catheter dislodgement, and 

   Table 42.2    Risk factors for acalulous cholecystitis  [  33,   39,   41,   45  ]    

 Elderly males 

 Burns 
 Cholesterol emboli 
 Coronary artery disease 
 Diabetes mellitus 
 Immunosuppression 
 Infections (e.g.,  Vibrio ,  Candida ,  Salmonella ,  Campylobacter , 
 Isospora ) 
 Major trauma 
 Mechanical ventilation 
 Medications (e.g., opiates, sunitinib (tyrosine-kinase inhibitor)) 
 Multiple transfusions 
 Nonbiliary surgery 
 Sepsis/hypotension 
 Total parenteral nutrition 
 Vasculitis 

   Table 42.3    Ultrasonographic features suggestive of acalculous chole-
cystitis  [  37,   43–  45  ]    

 Absence of gallstones or sludge 

 Thickening of the gallbladder wall >5 mm 
 Pericholecystic  fl uid 
 Positive Murphy’s sign 
 Emphysematous cholecystitis with gas bubbles in the fundus 
(hampagne sign) 
 Frank perforation with abscess 

   Table 42.4    Reasons for false positive results on hepatobiliary scintig-
raphy in diagnosis of acalculous cholecystitis  [  37,   39,   41,   43–  45  ]    

 Underlying liver disease: abnormal uptake and excretion of tracer 

 Fasting patients on TPN: gallbladder is maximally full due to 
inadequate contractions 
 Biliary sphincterotomy: preferential excretion of tracer into 
duodenum bypassing the gallbladder 
 Hyperbilirubinemia: impaired hepatic clearance of iminodiacetic 
acid compounds 
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hepatic bleeding  [  47  ] . De fi nitive cholecystectomy is undertaken 
later when the patient is stable. Endoscopically placed nasochole-
cystostomy catheters are used in those unsuitable for percutane-
ous drainage (ascites, coagulopathy)  [  32  ] .   

   Chronic Disorders 

   Chronic Cholecystitis 

 Chronic cholecystitis is a pathological term used to describe 
chronic in fl ammatory cell in fi ltration of the gallbladder seen 
in surgical specimens. It is believed to result from recurrent 
attacks of acute cholecystitis. However, this histopathologic 
 fi nding does not necessarily correlate with symptoms  [  48  ] . 
The term chronic cholecystitis is at times used inappropri-
ately for pain resulting from biliary dyskinesia.  

   Hyperplastic Cholecystoses 
and Adenomyomatosis 

 Hyperplastic cholecystoses are characterized by excessive 
proliferation of normal tissue components. Adenomyomatosis 
is a benign proliferation of the gallbladder surface epithe-
lium with gland-like formations, extramural sinuses, trans-
verse strictures, and/or fundal nodule formation.  

   Cholesterolosis and Gallbladder Polyps 

 Cholesterolosis occurs from abnormal deposition of lipid, 
and in particular, cholesteryl esters within macrophages in the 
lamina propria of the gallbladder wall. Gallbladder polyps 
occur in 5% of adults, predominantly in men. Cholecystectomy 
should be performed in symptomatic patients, those asymp-
tomatic and over 50 years, polyps >10 mm in diameter or 
polyp growth on serial ultrasonography.   

   Gallbladder Cancer 

   Epidemiology 

 Gallbladder cancer is primarily a disease of the elderly. The 
National Cancer Institute’s Surveillance, Epidemiology and 
End Results (SEER) Program data suggest that 75% of cases 
occur in the over 85-year-old age group  [  49  ] . Gallbladder 
cancer is the most common biliary tract cancer and is respon-
sible for 4% of all cancer-related deaths. In the United States 
in 2009, 9,760 new cases of gallbladder cancer were diag-
nosed with 3,370 deaths  [  50  ] . Often, the diagnosis of gall-
bladder cancer is made late in its course. Gallbladder cancer 

spreads locally, with invasion to the liver, local lymph nodes, 
and peritoneal cavity. The 5-year survival rate for patient 
with locally advanced disease is approximately 42.5% and 
for distant disease is <1%  [  51  ] .  

   Pathogenesis 

 Chronic in fl ammation is believed to play a central role in 
the development of gallbladder cancer. Risk factors are 
listed in Table  42.5 . Gallstones are present in 70–90% of 
patients with gallbladder cancer. Despite the increased risk 
in patients with gallstones, the overall incidence of gall-
bladder cancer with cholelithiasis is only 0.5–3%  [  52  ] . 
The risk increases with larger gallstones. Gallstones may 
be a potential nidus for ongoing infection and infl amma-
tion. Abnormal pancreatico-biliary junctions (APBJ) are 
also implicated as a risk factor; a theory is that with the 
anatomic variant pancreatic juices may re fl ux into the bile 
duct leading to in fl ammatory reactions, biliary epithelial 
damage, and cyst formation.  

 Porcelin Gallbladder, a predisposition to gallbladder can-
cer, is characterized by intramural calci fi cations of the gall-
bladder wall. The lesion is usually asymptomatic and may be 
found incidentally on an abdominal X-ray or scan. 
Nonetheless, the  fi nding has up to a 33% risk of gallbladder 
cancer. As such, porcelain gallbladder is an indication for 
prophylactic cholecystectomy.  

   Treatment 

 Adenocarcinoma accounts for 90% of gallbladder can-
cers, with the rest being squamous cell or other cancers. 
Treatment is dependent on presentation: malignancy sus-
pected preoperatively because of symptoms, or malig-
nancy diagnosed during cholecystectomy for presumed 
benign disease. Surgical management and chemotherapy 
for gallbladder cancer is best done through appropriate 
consultation. 

   Table 42.5    Risk factors for gallbladder cancer  [  49–  51  ]    

 Native American, Hispanic, or Alaskan Native descent 

 Presence of gallstones 
 Gallstone size (stones >3 cm increase risk tenfold compared to 
stones <1 cm) 
 Porcelain gallbladder 
 Typhoid carriers 
 Gallbladder polyps 
 Obesity 
 Anomalous pancreatico-biliary junction or choledochal cyst 
 Carcinogens: nitosamine or azotoluene 
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  Key Points 

    The prevalence of gallstone disease increases with age.  • 
  Gallbladder disease may be asymptomatic; symptomatic • 
gallbladder disease includes acute cholecystitis, choledo-
colithiasis, ascending cholangitis, and acute pancreatitis.  
  Older adults may not exhibit the classical manifestations • 
of acute cholecystitis; prompt diagnosis and management 
helps minimize complications.  
  Acalculous cholecystitis in the frail elderly is associated • 
with signi fi cant mortality.  
  Gallbladder cancer is primarily a disease of the elderly.           • 
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            Acute Pancreatitis 

   Introduction 

 Acute pancreatitis (AP) occurs in all ages and is increasing 
in incidence  [  1  ] . When older age itself is identi fi ed as an 
indicator of poor outcome, in most markers of prognosis, the 
epidemiological change is noteworthy  [  2–  9  ] . Roughly 33% 
of the 200,000 patients admitted to hospitals in the US annu-
ally are over 65 years old  [  5  ] . Older age negatively in fl uences 
outcome, either due to age-related decline in organ function 
and/or comorbid conditions  [  10–  14  ] . Age over 70 alone car-
ries a 19% risk of fatal outcome  [  14  ]  and the risk increases 
further to 21% for those over 75 years  [  15–  19  ] . 

 AP represents a spectrum of diseases (a) ranging from a 
mild disease to a fatal form; (b) due to multiple etiological 
factors (Table  43.1 ), many readily detectable to obscure 
causes in the older adult (Table  43.2 ); and (c) affecting only 
the pancreas in its mildest form to multisystem disease. 
Longer life span and increasing prevalence of gallstones and 
obesity are contributory to the increased incidence of AP in 
the geriatric population, often in its severe form  [  5,   20  ] . Of 
the nearly 210,000 patients hospitalized in the US each year, 
20% have severe AP (SAP)  [  21–  24  ] .   

   De fi nition of AP 
 AP is an acute in fl ammatory process of the pancreas charac-
terized clinically by sudden onset of upper abdominal pain 
and biochemically by elevated serum levels of amylase and/
or lipase. In mild AP, the mortality is less than 1% and in 

severe form it is 10% with sterile and 25% with infected pan-
creatic necrosis, respectively  [  23  ] . 

 Two out of the three following features are required for 
the diagnosis of AP: abdominal pain, elevated levels of serum 
amylase and/or lipase at least three times the upper limit of 
normal, and characteristic  fi ndings of AP on computer 
tomography (CT) of the abdomen  [  24  ] . 

 The widely quoted Atlanta Classi fi cation categorizes AP 
clinically as edematous (mild) or necrotizing by imaging stud-
ies  [  25  ] . A recent publication recommended a three-tier 
classi fi cation that includes an intermediate form or moderately 
severe AP  [  26  ] . A four-tier classi fi cation includes mild, mod-
erate, severe, and critical AP  [  27  ] . The intermediate entity is 
associated with local complications, but no persistent organ 
failure  [  26  ] . A revision of the Atlanta Classi fi cation for better 
understanding of AP is under consideration  [  28  ]  (Table  43.3 ).   

   Pathogenesis/Natural History 
 The pathogenesis involves premature intracinar activation of 
trypsinogen, a zymogen to trypsin, leading to necrosis that 
overwhelms the normal physiological protective mechanisms. 
Protective mechanisms include pancreatic secretory trypsin 
inhibitor (PSTI or SPINK1), mesotrypsin, enzyme Y, and 
trypsin itself, which splits and inactivates trypsin. Other pro-
tective nonspeci fi c antiproteases are alpha-1-antitrypsin and 
alpha-2 macroglobulins in the pancreas. Normally, a small 
amount of trypsinogen may be prematurely activated to trypsin 
in the acinar cells, but inherent mechanisms protect the cell 
from necrosis. One of the cationic trypsinogen gene mutations 
well studied in the pathogenesis of hereditary pancreatitis 
alters the primary site for proteolytic activation  [  29,   30  ] . 

 Once initiated, AP evolves in two stages. Stage one, which 
lasts about a week, is mostly functional; imaging studies may 
be normal. Multiple organ system failure in this stage is a 
result of systemic in fl ammatory response (SIRS) (Table  43.4 ), 
initiated by liberation of cytokines including platelet-activating 
factor, tumor necrosis factor (TNF-alpha), and various inter-
leukins. Stage two may follow in about 10 days and is associ-
ated with morphologic changes resulting from pancreatic 
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and/or peripancreatic necrosis and demonstrated in imaging 
studies. Nearly 80% of patients with AP improve without 
entering the second stage, while a small number may go on 
to a more protracted course lasting weeks to months  [  30  ] . 
The second peak of mortality is related to factors that include 
organ failure linked to pancreatic necrosis  [  30  ] .   

   Epidemiology 
 Several observations have evolved pertinent to the epidemi-
ology of AP in the geriatric age group. The overall apparent 
increase in the incidence of AP may be the result of an 
increased utility of serum pancreatic enzyme evaluations 
routinely in all emergency departments  [  18–  20  ] . The inci-
dence of AP ranges from 50 to 80 per 100,000 persons per 
year in the US  [  5  ]  with a higher incidence in men  [  31,   32  ] , 
re fl ecting the frequency of alcoholism in men  [  9  ] . As age 
advances, AP occurs increasingly: the incidence per 100,000 
is <5–10, 10–30, and >20–30 in age groups <25 years, 25–60, 
and >60, respectively  [  32  ] . Several studies con fi rm that ciga-
rette smoking increases the risk of both acute and chronic 
alcoholic pancreatitis  [  33,   34  ] . 

 Gallstones as a cause of AP is observed in up to 55% of 
older patients  [  35  ] . In patients over 85 years, the incidence 
increases to 75%  [  36  ] . As a result of polypharmacy in older 
age, AP secondary to medications is a growing problem of 
undetermined frequency  [  37  ] .  

   Etiological Factors 
 While AP results from multiple etiological factors, by itself, 
old age is not a risk factor. Gallstone disease is the most 
frequent cause of AP in the elderly. AP often occurs with 
small stones <5 mm in size since small stones pass easily 

   Table 43.1    Etiologic factors for acute pancreatitis (AP) in the older 
adult   

  Common  
  Gallstones 
  Alcohol 
  Drugs 
  Hypertriglyceridemia 
  Rare  
  Hypercalcemia 
   Obstruction of the ampulla of Vater, pancreatic adnocarcinoma, 

IPMN 
  Post-ERCP 
  Genetic 
  Pancreas divism 
  Trauma to abdomen 
  Viral (CMV, EBV, Mumps, Coxsackie B) 
   Parasitic ( Toxoplasma, Cryptosporidium, Ascaris, Clonorchis 

sinensis, Fasciola hepatica ) 
  Bacterial (Legionella) 
  Shock/ischemia/reperfusion injury (ICU pancreatitis) 
  Vasculitis 
  Duodenal diverticula 
  Choledochocele 
  Metastasis from primary tumor (lung, breast) 
  Abdominal and cardiac Surgery 
  Organophosphate poisoning 
  Idiopathic 
  Organ transplantation 
  Scorpion bite (in Trinidad) 

   Table 43.2    Obscure causes for acute pancreatitis (AP)   

 Microlithiasis 

 Ampullary tumors 
 Mucinous tumors of the pancreas (IPMN) 
 Undiagnosed chronic pancreatitis (early stages) 
 Anomalies of the pancreatic duct 
 Hereditary pancreatitis (initial episodes) 
 Sphincter of Oddi dysfunction 
 Choledochocele (type III choledochal cyst) 
 Annular pancreas 
 Anomalous pancreato-biliary junction 
 Duodenal diverticulum 
 Autoimmune (mostly chronic pancreatitis) 

  Even after completion of all tests, 15% of AP cases, an etiology is not 
identi fi able  

   Table 43.3    Atlanta Classifi cation of fl uid collections, 1992  [  25  ]    

 Acute fl uid collection 
  Early in the course of AP 
  Lack of fi brous or granulation wall 
  Arise in or around pancreas 

 Pancreatic necrosis 
  Focal or diffi use non viable pancreatc tissue 
  Usually associated with peripancreatic necrosis 

 Pancreatic abscess 
  Intra-abdominal collection of pus 
  Contains no or minimal pancreatic necrosis 
  Usually near the pancreas 

 Acute pseudocyst 
  Collection of pancreatic fl uid 
  Enclosed by a fi brous wall or granulation tissue 

   Table 43.4    Systemic in fl ammatory response syndrome (SIRS)  [  24  ]    

 SIRS criteria 

 Temperature >38 or <36°C 
 Respiratory rate >20 breaths/minute or PaCO 

2
  <32 mmHg 

 Pulse >90 beats/minute 
 White blood cell count <4,000 cells/mm 3  or 12,000 cells/mm 3  or 
>10% immature bands 

   Note : SIRS is de fi ned as the presence of 2 or more SIRS criteria  
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through the cystic duct to enter the common bile duct (CBD) 
and cause ampullary obstruction. In older adults, alcohol-
ism is a less frequent cause of AP than in the younger age 

group. Alcoholism generally causes chronic pancreatitis, 
but some develop AP that does not progress to chronicity. 
Medications (diuretics, immunosuppressives, estrogens, 
and pain medications) (Table  43.5 ), metabolic disorders, 
surgical procedures, ischemia, and pancreatic tumors are 
other etiological factors. Prolonged fasting, total parenteral 
nutrition (TPN), and cephalosporin antibiotic therapy can 
cause microlithiasis.  

 Vasculitis, polyarteritis nodosa, cardiac surgery, transab-
dominal angiography, intraoperative shock, and hemorrhagic 
shock predispose to AP. In IBD, AP may occur due to the 
disease itself or result from medications used to treat the dis-
ease  [  38  ] . Ischemic pancreatitis may occur in clinical set-
tings such as cardiopulmonary bypass, hemorrhagic shock, 
and organ transplantation. Hypercalcemia, both primary and 
secondary, is an unusual cause. 

 AP is the most common complication of ERCP, the inci-
dence being 1.3–6.7%. Although the majority of patients 
with ERCP-induced pancreatitis have a mild disease course, 
a few develop severe AP  [  39  ] . ERCP, in general, has lost 
popularity solely as a diagnostic procedure. 

 Rarely, mild AP results from pancreatic cancer  [  40  ] . It is 
speculated that AP may be due to obstructed pancreatic ducts, 
local ischemia, or direct activation of pancreatic enzymes by 
neoplastic cells. When AP is the initial manifestation of pancre-
atic cancer, the diagnosis of cancer is delayed. Recognition of a 
potentially probable etiological factor such as a weak history of 
alcoholism, asymptomatic gallstone disease, or medication 
often causes pancreatic cancer to be overlooked. Intrapapillary 
mucin-producing tumor (IPMN) is a rare cause of AP. Metastatic 
tumors have been reported as a cause  [  41,   42  ] . 

 The term “idiopathic” AP is used when recurrent AP occurs 
without a clear etiology despite a standard workup  [  43  ] . 
Biliary sludge, a viscous suspension in the gallbladder, may or 
may not be detected by routine abdominal ultrasound, sug-
gesting that AP is idiopathic. The role of microlithiasis in 
causing idiopathic AP is quoted to vary from >60% in the ear-
lier literature to less than 10% in the more recent publications. 
Elderly patients with an unknown etiology often present with 
more severe disease, higher mortality, and longer ICU stays 
 [  43  ] . Mutations of the cationic trypsinogen gene are known to 
cause recurrent AP which may appear idiopathic  [  44  ] .  

   Diagnosis of Acute AP 
     1.    Evaluation of abdominal pain 

 The cardinal symptom of AP that leads to serum testing 
for amylase and/or lipase is the steady, boring upper 
abdominal pain radiating to back and chest and aggra-
vated by food and associated with nausea and/or vomit-
ing. Cognitive impairment, fear of a serious disease being 
diagnosed, or dulling of pain sensation either because of 
analgesic use for another cause or sensory impairment 
may impede the history and delay diagnosis. 

      Table 43.5    Drug-induced pancreatitis in the older adult  [  37  ]    

 Medications implicated in acute pancreatitis in the elderly 
 Cardiovascular agents 
  Antihypertensives 
    ACE-I (Benzapril, captopril, enalapril, forinopril, lisinopril, 

moexipril, quinapril, ramipril, transolapril) 
    Diuretics (thiazide diuretics, loop diuretics, ethacrynic acid, 

furosemide) 
   Calcium channel blockers 
  Cholesterol-lowering agents 
    HMG-CoA reductase inhibitors  [  91  ]  ( fl uvastatin, lovastatin, 

pravastatin, simvastatin,atorvastatin  [  92  ] , rosuvastatin  [  92  ] ) 
   Fibrates (gen fi brozil, feno fi brate) 
  Anti-platelets/thrombolytics 
    ASA, alteplase, anagrelide, dipyridamole, reteplase, 

streptokinase 
  Anti-srrhythmics 
   Smiodarone, mexiletine 
 Antibacterials  [  95  ]  
  Tetracyclines (doxycycline, demeclocycline, minocycline) 
  Macrolides (azithromycin, clarithromycin) 
   Quinolones (clatro fl oxacin, cipro fl oxacin, levo fl oxacin, 

nor fl oxacin, trova fl oxacin) 
   Others (atovaquone, metronidazole  [  96  ] , secnidazole  [  97  ] , 

ertapenem, nitrofurantoin, trimethoprim/sulfamethoxazole, 
quinpristin/dalfopristin) 

 TNF-a inhibitors 
  Etanercept, in fl iximab 
 Anti-in fl ammatory agents 
   NSAIDS (diclofenac, ibuprofen, ketorolac, meloxicam, sulindac, 

mefenamic acid, nabumetone, naproxen, indomethacin  [  90  ] , 
piroxicam) 

  COX-II inhibitors (celecoxib, rofecoxib) 
  Acetaminophen 
 Hypoglycemic agents 
  Incretin mimetic (exenatide)  [  93  ]  
  Glitazones (troglitazone, rosiglitazone, pioglitazone) 
 GI agents 
  PPIs (omeprazole, pantroprazole, rabeprazole) 
  Antacids (cimetidine, ranitidine) 
  IBD medications 
    Aminosalicylates (balsalazide, mesalamine, olsalazine, 

sulfasalazine) 
   Others (azathioprine  [  94  ] , mercaptopurine) 
 Hormones 
   Steroids (cortisone, dexamethasone,  fl udrocortisone, methylpredni-

solone, prednisone) 
  Others (somatropin, octreotide) 
 Antineoplastic Drugs 
   l -asparaginase, 6-mercaptopurine, vincristine, vinblastine 
 Immunemodulators 
   Cyclosporine, glatiramer, interferon b-1B, interferon g-1B, 

mycophenolate, sirolimus, tacrolimus, thalidomide, PegInterferon 
a-2B 

  Table modi fi ed from Trivedi and Pitchumoni  [  37  ]   



432 C.S. Pitchumoni

 Physical examination  fi ndings may also be atypical. 
Low-grade fever, tachycardia, abdominal tenderness, and 
muscular guarding are to be expected. Bowel sounds may 
be hypoactive because of ileus. Dyspnea may be promi-
nent. Patients with severe AP may be pale, diaphoretic, 
and restless. Jaundice is infrequent but, when present, 
may indicate an impacted stone and, along with fever and 
shaking chills (Charcot’s triad), may indicate cholangitis. 
Shock, unusual in early stages, and/or hypotension may 
be a sign of dehydration from blood loss (hemorrhagic 
pancreatitis) or albumin-rich  fl uid loss. In AP, accumula-
tion of large quantities of  fl uid in the retroperitoneal space 
may occur from release of vasoactive kinins and active 
proteolytic enzymes into the circulation. 

 Many cardiac abnormalities may occur  [  45  ]  (Table  43.6 ) 
that cause concern in older patients with comorbidity, car-
diac arrhythmias being the most frequent. Abdominal ten-
derness, which is more objective than pain, can be in fl uenced 
by lack of clear localization to the epigastric region. The 
differential diagnoses include ascending cholangitis, chole-
cystitis, choledocholithiasis, peptic ulcer, myocardial 
infarction, pancreatic cancer, bacterial pneumonia, and dis-
secting aneurysm. Cullen’s sign (a bluish discoloration 
around the umbilicus) and Grey Turner’s sign (blue–red–
purple discoloration of  fl anks) are infrequent and 
nonspeci fi c, but when present, are clearly markers of sever-
ity of AP. As a multisystem disease, AP in its severe form 
involves all organs (Table  43.7 ).    

    2.    Laboratory Data 
 Blood tests help (a) establish the diagnosis of AP; (b) identify 
the etiological factor; and (c) assess the potential severity. 

 Elevated serum levels of amylase and/or lipase above 3 
times the upper limit of normal are reliable indicators. One 
should be aware that serum levels of amylase or lipase nei-
ther indicate severity nor help in identifying the etiology of 
AP. In hypertriglyceridemic AP, the serum levels of amy-
lase may be elevated only modestly or not at all. The deter-
mination of amylase activity is interfered with by severe 
hypertriglyceridemia. Once a diagnosis of AP is made, 
there is no indication to repeat the tests on a daily basis 
since the levels do not guide the course of the disease  [  45  ] . 

 In clinical practice, there is no bene fi t in performing 
pancreatic isoenzyme levels. Further, there must be an 
awareness of spurious pancreatic enzyme elevations. 
There is growing evidence that false elevations of lipase 
are almost as frequent as those of amylase, and the often 
quoted speci fi city of lipase over amylase is questionable 
(Table  43.8 ).  

 Other laboratory tests help evaluate comorbid states, 
etiological factors (e.g., hypertriglyceridemia, hypercal-
cemia), and the severity of the disease. Hemoglobin, 
hematocrit, leukocyte and differential count, electrolytes, 

liver function tests, and BUN and creatinine are required 
in every patient. Repeating these tests in 24 h helps assess 
the prognosis of AP. Serum levels of AST, ALT, and ALP 
help in evaluating a biliary etiology. 

 Transient elevation of AST, ALT, and ALP can occur 
in biliary pancreatitis with a tendency to rapidly return to 
normal. Normal liver function tests do not totally exclude 
the possibility of a biliary etiology  [  46  ] . Fall in serum 
calcium and albumin levels in 48 h suggests severe AP. 
Hypocalcemia occurs in 25% of patients. Hyperglycemia 
in the absence of preexisting diabetes mellitus is a prog-
nostic marker. A lipid pro fi le is performed early in the 
course of pancreatitis. A triglyceride level of more than 
1,000 mg/dL is seen in hyperlipidemic pancreatitis. 
Other markers of severity include elevated creatinine, 
BUN, and a quantitative CRP performed within 48 h 
(Table  43.9 ).  

 About 25% of patients overall and a larger number of 
older patients have hypoxemia. The decision to request 

   Table 43.6    Cardiac manifestations of (AP)  [  45 ]   

  Hemodynamic changes  
  Tachycardia 
  Low total peripheral resistance 
  Increased cardiac index 
  Hypovolemia 
  Decreased left ventricular stroke volume 
  Myocardial depression 
  Cardiac regional wall motion abnormalities 
  Impaired diastolic function 
  Decreased peak blood  fl ow velocity 
  Electrocardiographic changes  
  Ventricular  fi brillation 
  Bradycardia 
  Atrial  fl utter 
  Atrial  fi brillation 
   Supraventricular premature contractions, ventricular ectopic 

arrhythmias 
  QRS prolongation 
  QT prolongation 
  Shortened PQ interval 
  Left bundle branch block 
  Right bundle branch block 
  Left anterior hemi-block 
  Nonspeci fi c changes in repolarization 
  Decreased T-wave voltage 
  T-wave changes 
  ST-segment depression 
  ST-segment elevation 
  Pericardial changes  
  Pericardial effusion 
  Chylous pericardial effusion with tamponade 
  Fibrinous constrictive pericarditis 

  Table modi fi ed from Yegneswaran et al.  [  45  ]   
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arterial blood gas evaluation is a clinical one. 
Electrocardiographic abnormalities are interpreted based 
on the patient’s prior history of cardiac disease as well 
as the awareness that AP has its own cardiovascular 
manifestations (Table  43.6 )  [  45  ] . A chest X-ray, KUB 
radiograph, and abdominal sonogram to evaluate the gall-
bladder and biliary tree are required at admission (see 
algorithm, Fig.  43.1 ).          

   Severity Assessment 
 The window of opportunity to prevent organ system dysfunc-
tion early in the course of AP is very narrow  [  47  ] . The sever-
ity of AP can be determined by (a) any one of the multiple 
scoring criteria, (b) single markers of prognosis, and (c) by 
imaging studies. Since Ranson’s initial report, a number of 
prognostic criteria have been developed utilizing clinical 
features, laboratory tests, imaging studies, and more com-
plex approaches. In addition, a number of easily detectable 
single markers are identi fi ed in predicting the prognosis 
(Table  43.9 ). AP is not always just mild or severe since it is a 

dynamic process  [  26,   48  ] . Early identi fi cation of severity is 
important from the standpoint of transferring the patient to 
the ICU, assessing prognosis, and setting thresholds for 
speci fi c interventions (vasopressors, ventilatory assistance, 
dialysis, therapeutic interventions). The measurement of 
parameters of SIRS on the  fi rst hospital day may provide 
important information required to assess severity  [  49  ] . 

   Table 43.7    Complications of acute pancreatitis (AP)  [  45  ]    

 Systemic complications 

  Pulmonary  
 Early arterial hypoxia 
 Atelectasis, pneumonia, pleural effusion, and mediastinal abscess 
 Acute respiratory distress syndrome 

 Cardiac: shock, pericardial effusion, EKG changes, arrhythmias, 
SIRS 
 Hematologic: disseminated intravascular coagulation, thrombotic 
thrombocytopenic purpura/hemolytic uremic syndrome 
 Gastrointestinal: gastrointestinal bleeding (portal-splenic vein 
thrombosis, colonic infarction) 
 Renal: azotemia, oliguria 
 Metobolic: hyperkalemia, hypocalcemia, hypophosphatemia, 
hyperglycemia, hypertriglyceridemia, acidosis, elevation of free fatty 
acids, hypoalbuminemia 
 Central nervous system: psychosis, pancreatic encephalopathy, 
Purtscher-like retinopathy 
 Peripheral: fat necrosis (skin and bones), arthritis 
 Rhabdomyolysis 
  Pancreatic/peripancreatic complications  
 Acute  fl uid collection 
 Necrosis, sterile and infected 
 Pseudocyst 
 Infected pseudocyst/abscess 
  Local extrapancreatic complications  
 Involvement of contiguous organs (intraperitoneal hemorrhage, 
gastrointestinal bleeding, thrombosis of splenic vein, bowel 
infarction) 
 Obstructive jaundice 
 Colonic involvement (necrosis, stricture) 
 Abdominal compartment syndrome 

   Table 43.8    Conditions associated with elevation of serum amylase 
and/or lipase in the older adult   

 With abdominal pain  Without abdominal pain 

 Pancreatic causes  Malignancies of 
  Acute pancreatitis   Lung 

  Ovary 

  Pancreas 

  Colon 
  Thymus 

  Bone marrow 
  Breast 
  Tongue 
  Esophagus 

  Stomach 

  Small bowel 

  Liver 

 Other causes 

  Renal failure 

  Liver failure 

  Shock 

  ARDS 

  Postburn 

  Cardiac surgery 

  Pneumonia 

   Benign hyperlipasemia/
Hyperamylasemia 

   Chronic pancreatitis 
(acute exacerbation) 

  Trauma 
  Abdominal surgery 
  Intervention (ERCP) 
 Nonpancreatic abdominal causes 
  Mesenteric infarction 
  Intestinal obstruction 
  Appendicitis 
 Systemic disorders (abdominal pain 
due to a nonpancreatic cause) 
  Diabetic ketoacidosis 

   Table 43.9    Single markers of severity and comments  [  12,   26,   48,   49  ]    

 Obesity: BMI >30 is a poor prognostic marker 
 Ecchymosis (Cullen and Grey Turner signs); both signs are very rare 
 Admission hemoconcentration >44%: (lack of hemoconcentration 
denotes milder pancreatitis) 
 Failure to correct hemoconcentration to <44% within 24 h of 
hospitalization: suggests the need for early and adequate intravenous 
hydration 
 Serum creatinine >2 mg/dL on admission and failure to decline 
below 2 mg/dL with adequate  fl uid administration is a marker of 
volume depletion 
 Fasting blood glucose >125 mg/dL (in nondiabetics) 
 C-reactive protein >150 mg/L at 48 h after admission 
 Fall in serum calcium, albumin 
 CT scan of abdomen: not necessary in most, but is a good marker 
when used appropriately 
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This is particularly important in the older adult with AP who 
is vulnerable to organ system dysfunction.
    1.    Scoring Criteria 

 Ranson’s score (Table  43.10 ) is the most popular but has 
many limitations. Most hospitals do not perform all the 11 
factors needed in the evaluation on days 1 and 2. However, 
presence of three or more factors indicates a higher risk 
for serious illness  [  50  ] . Another de fi ciency of the system 
is that scoring can be completed only after 48 h, delaying 
the crucial period of management.  

 The APACHE II severity of disease classi fi cation is an 
excellent criterion, that includes a number of physiologic 
variables, age points, and chronic health points which can 
all be measured at admission or daily. Calculating APACHE 
II requires access to web-based calculators and all data that 
may not be available in many patients outside of the ICU. 
Death rates are less than 4% with scores <8 and 11–18% 
with scores of 8 or higher  [  24  ] . A score that increases in the 
 fi rst 48 h strongly predicts severe AP, and conversely, a 
score that decreases indicates mild disease. Ranson’s and 
APACHE II scoring systems overscore elderly patients 
because older age is associated with more points  [  10  ] . 

 BISAP score (Table  43.11 ), proposed by Wu et al. 
 [  51  ] , uses basic clinical and simple laboratory parameters 
available within hours of admission. The  fi ve-point scor-
ing system uses blood urea nitrogen >25 mg/dL, impaired 
mental status, SIRS, age >60 years, and pleural effusion. 

Presence of three or more of the above factors correlates 
with a higher risk of death, organ failure, and pancreatic 
necrosis  [  52  ] .   

    2.    Single Markers of Severity 
 Many single markers of severity help to determine the 
prognosis (Table  43.9 ). Obesity, pleural effusion, and 
ecchymoses are features of severe AP. Hemoconcentration 
on admission, failure to correct hemoconcentration within 

  Fig 43.1    Initial evaluation and assessment of severity of acute pancreatitis (AP)  [  24,   35,   54  ]        

   Table 43.10    Ranson’s criteria  [  3  ]    

 Nongallstone 
pancreatitis
 (1974) 

 Gallstone 
pancreatitis 
(1982) 

 At admission 
 Age  >55 years  >70 years 
 White blood cell count  >16,000/ m L  >18,000/ m L 
 Serum glucose  >200 mg/dL  >220 mg/dL 
 Serum LDH  >350 IU/L  >400 IU/L 
 Serum AST  >250 IU/L  >250 IU/L 
 48 h after admission 
 Fall in hematocrit  >10%  >10% 
 Fluid sequestration  >6 L  >4 L 
 Hypocalcemia  <8.0 mg/dL  <8.0 mg/dL 
 Hypoxemia  PO 

2
  < 60 mmHg  PO 

2
  < 60 mmHg 

 Increase in BUN after 
 fl uid hydration 

 >5 mg/dL  >2 mg/dL 

 Base de fi cit  >4 mEq/L  >5 mEq/L 
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24 h, elevated BUN, a creatinine level that does not decline 
with hydration, and falling serum calcium are easily 
identi fi able laboratory abnormalities. Another serum 
marker is CRP, but its discriminating value is poor in the 
 fi rst 2 days after onset. In fl ammatory markers IL-6, IL-8, 
TNF-alpha, PMN elastase, trypsinogen activation pep-
tide, and procalcitonin are elevated in severe AP, but are 
not yet routine tests.  

    3.    Imaging Studies 
 Radiological scoring systems correlate with clinical 
scores. Balthazar score based on CT examination of the 
abdomen is a good example. However, not all patients 
require CT soon after admission to evaluate the severity. 
A noncontrast-enhanced CT may provide information for 
severity assessment. When a contrast-enhanced CT is per-
formed, another scoring system (CT severity index) can 
be used. This index assigns patients on the basis of CT 
grades (A–E) (Table  43.12 ) and the amount of necrosis 
(none, <30, 30–50, and >50%). Pancreatic necrosis is 
associated with a higher morbidity/mortality compared to 
edematous interstitial pancreatitis  [  53,   54  ] . MRI is com-
parable in the early assessment of AP. MRI/MRCP has an 
advantage over CT in detecting choledocholithiasis  [  55  ]  
CT scan changes may not be prominent in the  fi rst 48 h 
after onset of AP. Although pancreatic necrosis and pan-
creatic  fl uid collections are indicative of severe pancreatitis, 
many of these patients may not develop organ failure or 
infection  [  24,   56–  58  ] .  

 Abdominal  fi lm may be normal in AP, but dilated small 
bowel loops (sentinel loop) or “colon cut-off” sign are not 
pathognomonic of AP. Gallstones suggest an etiology for 
AP, and pancreatic calculi indicate chronic pancreatitis. 
The presence of pleural effusions indicate severity of AP 
and may identify cardiopulmonary problems. ARDS may 
be seen in severe AP. 

 An abdominal ultrasound is an essential early imaging 
study required in all patients to detect gallstones, rule out 
acute cholecystitis, and to identify a dilated CBD. EUS, 
MRCP, and/or endoscopic sphincterotomy and stone 
extraction may be needed based on ultrasound  fi ndings. 

 Computed tomography is not needed in the initial eval-
uation of a patient with AP when signs and symptoms are 
minimal. However, when the diagnosis is in doubt as it 

can be in the older adult, a CT, with or without contrast, 
may yield useful  fi ndings and help to exclude catastrophic 
intra-abdominal conditions. A CECT, if performed 72 h 
after the onset of the disease, is likely to show morpho-
logical changes. In interstitial pancreatitis, there is homog-
enous enhancement. CECT identi fi es areas of necrosis as 
well. When infected necrosis is suspected,  fi ne needle 
aspiration helps to aspirate the necrotic material and per-
form a Gram stain and culture. CT also helps to identify 
 fl uid collection, splenic vein thrombosis, and splenic 
artery aneurysm. 

 Magnetic resonance imaging is a useful procedure to 
assess severity of AP and evaluate the CBD and CBD 
stones. Gadolinium, used as the contrast material for 
MRCP, is, however, not safe in patients with renal failure 
because of the potential complication of nephrogenic sys-
temic sclerosis.      

   Differential Diagnosis 
 The differential diagnosis of AP includes peptic ulcer, gall-
stone disease, intestinal ischemia, dissecting aneurysm, mes-
enteric vascular occlusion, and myocardial infarction. 
Evaluation should be directed to exclude these causes, with 
the selection of tests based on the characteristic  fi ndings on 
presentation.  

   Management of AP 
 The principles of initial management of uncomplicated AP 
are straightforward. Almost all patients are kept NPO (non 
per os or nothing by mouth) to provide “rest to the pancreas;” 
appropriate management of pain and adequate hydration are 
also the mainstay of treatment. Routine use of nasogastric 
tube to keep the stomach empty is not necessary. 

 High rates of early readmission may occur after hospital-
ization for AP. Factors that promote readmission include: not 
performing a cholecystectomy during the initial hospital 
admission, continued alcoholism and cigarette smoking  [  59  ] , 
discharge on less than a solid diet, and discharge with gastro-
intestinal symptoms  [  60  ] .

   Table 43.11    Scoring system for Bedside Index of Severity in Acute 
Pancreatitis (BISAP)  [  98  ]    

 Score one point for each of the following criteria: 
 Blood urea nitrogen level >8.9 mmol/L 
 Impaired mental status 
 Systemic in fl ammatory response syndrome is present 
 Age >60 years 
 Pleural effusion on radiography 

  A score of more than three indicates an increased risk of death  

   Table 43.12    CT Severity Index  [  53,   54,   99  ]    

 CT grade  Points 

 A. Normal pancreas  0 
 B. Edematous pancreatitis  1 
 C. B plus mild extrapancreatic changes  2 
 D.  Severe extrapancreatic changes including one  fl uid 

collection 
 3 

 E. Multiple or extensive extrapancreatic collections  4 
 Necrosis 

 None 
 Less than one third 
 Greater than one third or less than one half 
 Greater than one half 

 0 
 2 
 4 
 6 
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    1.    Fluid Resuscitation 
 Adequate early IV  fl uid resuscitation is the most important 
step in the initial management of AP  [  61,   62  ]  to improve 
pancreatic microcirculation. Aggressive early  fl uid resus-
citation assists in preventing the pathologic response of 
proin fl ammatory cytokines and vasoactive mediators, fac-
tors known to increase capillary permeability, vasospasm, 
and microthrombi. Considerations are paid to the rate, vol-
ume, and type of  fl uid  [  24,   56  ] . Pandol et al.  [  63  ]  recom-
mend that patients with severe volume depletion be started 
on 500–1,000 mL/h. Aggressive monitoring and reassess-
ment of  fl uid needs at frequent intervals, as often as 1–2 h, 
are needed  [  63,   64  ] . In-hospital mortality was less in 
patients who received greater than one third of their initial 
72 h  fl uid requirements within the  fi rst 24 h of hospitaliza-
tion  [  62  ] . As a rough guide, patients with severe AP may 
require 5–10 L of  fl uid (200–400 mL/h) such as isotonic 
saline for the  fi rst few days  [  30  ] . 

 Aggressive  fl uid administration in the older adult is a 
clinical skill especially when the patient has comorbid 
conditions such as congestive cardiac or renal failure. 
Admission to ICU (or a step-down unit) for a day or two 
during the initial period is appropriate in the elderly with 
cardiac, pulmonary, or renal disease.  

    2.    Pain Management 
 When considering pain medications in the elderly, the 
agents should be based on knowledge of the metabolism 
of the drug, side effects, and toxicity. Meperidine is a drug 
that was once popular and is effective but has gone out of 
favor. Pharmacodynamic changes associated with aging 
result in a high risk for neurological adverse events includ-
ing seizures. The metabolite of meperidine, normeperi-
dine, accumulates with impaired renal function, causing 
the adverse effects. Alternative analgesics with less toxicity 
are preferred. Morphine, contrary to the older notion, nei-
ther increases biliary sphincter pressure nor worsens AP 
 [  65  ] . Nonnarcotic analgesics are an option.  

    3.    Rest to the Pancreas 
 In mild AP, oral feedings can be restored early within 3–7 
days of hospitalization. Oral intake is encouraged, started 
early based on clinical improvement characterized by 
absence of pain, nausea and vomiting, and abdominal ten-
derness. Oral feeding with a diet rich in carbohydrates 
and proteins and low in fat (<30% of total energy intake) 
is preferred. Early oral feeding in mild AP is safe and may 
even accelerate recovery  [  66,   67  ] . There is no indication 
for proton pump inhibitors as a routine.  

    4.    Enteral Nutrition 
 The proposed mechanism of better clinical outcome with 
enteral nutrition is based on studies which have shown 
preservation of normal gut barrier function, thereby pro-
tecting against bacterial translocation  [  68  ] . The current 
recommendation is to initiate enteral nutrition in those 

with mild AP unless severe paralytic ileus is present  [  69  ] . 
Enteral nutrition is cheaper and does not cause metabolic 
or major complications such as line sepsis, which in turn 
may lead to fungal infection in AP. In the past, the pre-
ferred mode was TPN in severe AP. Emphasis has shifted 
to enteral nutrition by placing a nasojejunal tube. Tube 
feeding with peptide-based formulae is recommended 
 [  70  ] . In severe AP, a combination of enteral nutrition and 
TPN may be needed in early stages when enteral nutrition 
alone cannot provide adequate nutritional support. The 
placement of the tip of the tube in the jejunum avoids 
stimulation of duodenal hormones CCK and secretin and 
thereby pancreatic secretion  [  71–  76  ] . Enteral nutrition 
initiated early, in comparison to TPN, results in a marked 
reduction in the risk of multiorgan system failure, infec-
tious complications, and mortality  [  77,   78  ] . 

 Various formulations have been used for enteral nutrition. 
There is no recommendation for routine use of glutamine-
rich “immunoenhancing” enteral formulas or probiotics 
at this time  [  79  ] .  

    5.    Prophylactic Antibiotic Therapy 
 This is a controversial subject. The overwhelming opin-
ion is not in favor of administering prophylactic antibiot-
ics, even for sterile-necrotizing pancreatitis  [  24  ] . There is 
certainly no indication for antibiotics in patients with 
interstitial pancreatitis. The practice guidelines of ACG 
suggest that those with pancreatic necrosis who appear 
septic with leukocytosis, fever, or organ failure are candi-
dates for antibiotic therapy, while an evaluation for a 
source of infection is in progress. If blood cultures and 
 fi ne needle aspiration of necrotic area are negative for 
organisms, the recommendation is to discontinue antibi-
otics. Predisposition to gram positive and fungal sepsis is 
a complication of prophylactic antibiotic therapy  [  24,   80  ] . 
The studies that guide practice guidelines are not based 
solely on older adults and hence may have to be tailored 
to individual patient requirements. A recent guideline rec-
ommends the use of carbapenems, when indicated, at a 
dose of 1,500 mg/day for at least 14 days  [  66  ] .  

    6.    ERCP/EUS 
 Endoscopic retrograde cholangiopancreatography (ERCP) 
is reserved only for those with dilated ducts, impacted stone, 
and in those associated with cholangitis or severe AP. Urgent 
ERCP sphincterotomy with stone extraction and/or stenting 
should be performed if cholangitis is suspected. ERCP is 
indicated to clear bile duct stones and in those who are poor 
candidates for cholecystectomy. Diagnostic ERCP must be 
de fi nitely avoided. ERCP and sphincterotomy in the older 
adult with severe biliary AP are considerations. 

 EUS is a noninvasive imaging modality to diagnose 
CBD stones and has the advantage of the imaging proce-
dure being followed by ERCP and stone extraction if needed 
in the same sedation setting. MRCP is preferable when the 
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index of suspicion for a CBD stone is small. Claustrophobia, 
especially in the older adult, is a problem with MRCP. The 
overall sensitivity and speci fi city of MRCP to detect CBD 
stones are 94 and 98%, respectively  [  81–  83  ] .  

    7.    Surgical Options in Acute Pancreatitis
   (a)    Cholecystectomy 

  In biliary AP, laparascopic cholecystectomy should 
be considered after recovery from an attack of AP 
during the same admission  [  66,   84  ] . In severe AP, 
cholecystectomy should be delayed until there is clin-
ical recovery. Failure to perform cholecystectomy 
during the same admission is associated with a 
25–30% chance for recurrence of AP  [  85  ] .  

   (b)    Necrotizing AP 
  Patients with sterile necrosis should be managed con-

servatively. Surgery is only rarely indicated, such as in 
multiorgan failure with failure of conservative therapy 
 [  86  ] . Surgery earlier than 14 days after the onset of AP 
is not recommended. Necrosectomy is the surgical 
procedure in infected pancreatic necrosis. Debridement 
of infected tissue is generally accomplished by open 
surgery, but endoscopic or percutaneous approaches 
are options  [  87  ] .  

   (c)    Abdominal compartment syndrome 
  Abdominal compartment syndrome (ACS) is associ-

ated with intra-abdominal hypertension (IAH) and 
noted to have a higher mortality, morbidity, and pro-
longed hospital stay. ACS is a recognized cause of 
multiple organ dysfunction in AP. 

 IAH is de fi ned as a sustained or repeated pathologic 
elevation of the intra-abdominal pressure (IAP) above 
12 mmHg. ACS is described as the sustained eleva-
tion of IAP above 20 mmHg in combination with 
newly developed organ dysfunction. The typical 
symptoms of ACS in patients with AP include rapidly 
evolving multiple organ dysfunction syndrome 
(MODS), respiratory distress, hemodynamic com-
promise, and acute renal failure  [  88  ] . Early surgical 
decompression is associated with reduced mortality. 
Both subcutaneous fasciotomy and ultrasound-guided 
drainage of intra-abdominal and/or peripancreatic 
 fl uid collections seem to be safe and effective alterna-
tives in the management of ACS  [  87,   89  ] .  

   (d)    Pancreatic pseudocysts 
  Not all pseudocysts require intervention. Pseudocysts 

which are symptomatic, expand on serial imaging 
studies, cause obstruction of adjacent organs such as 
duodenum or bile duct, or are infected require inter-
vention, which may be endoscopic, percutaneous, or 
surgical  [  28  ] .  

   (e)    Pancreatic abscess 
  Surgical and percutaneous drainage are options, but 

surgical drainage should be performed immediately if 
percutaneous drainage fails  [  66  ] .         

  Key Points 

    Acute pancreatitis (AP) in the older adult results often • 
from gallstones (sludge/microlithiasis) and less often from 
chronic alcoholism. Medications, neoplasms, and hyper-
lipidemia are other causes.  
  Worldwide incidence of AP is increasing, really a result • 
of routine serum amylase/lipase testing and increase in 
the prevalence of gallstone disease.  
     Two out of three of the following are needed to diagnose • 
AP: typical history of epigastric pain, elevation of serum 
levels of amylase/lipase >3 times the upper limit of nor-
mal, and CT changes. In the older adult; a history of 
abdominal pain may be dif fi cult to obtain.  
  An abdominal ultrasound helps diagnose a biliary etiol-• 
ogy and to measure the CBD size to help determine man-
agement options.  
  Abdominal CT examination with contrast is not needed in • 
most cases initially. Early CT is essential when diagnosis 
is uncertain.  
  Ranson’s, APACHE II, Glasgow, SOFA, and BISAP • 
scores and other single prognostic markers help to predict 
the severity of AP.  
  There are two peaks of severity; the  fi rst peak occurs in • 
the  fi rst few days when morphological changes are not 
noted (imaging studies may be normal).  
  The second peak of severity occurs after the second week • 
when complications such as pancreatic necrosis, sterile or 
infected, occur, resulting in multiorgan system dysfunc-
tion. Morphological changes on CECT are seen.  
  Multiorgan dysfunction may be cardiac, pulmonary, renal, • 
or metabolic.  
  Initial management of AP warrants adequate intravenous • 
hydration, NPO, and pain control. Meperidine is gener-
ally avoided in the elderly because of neuropsychiatric 
adverse effects.  
  In patients with severe AP who need prolonged nutri-• 
tional support, enteral feeding is preferred to parenteral 
nutrition.  
  Surgical indications in AP include cholecystectomy (in • 
the same admission), abdominal compartment syndrome, 
and infected necrosis.            
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            Chronic Pancreatitis 

   Introduction 

 Chronic pancreatitis is characterized by chronic in fl ammation 
and  fi brosis of the pancreas resulting in impaired exocrine 
and endocrine function  [  1  ] . In true acute pancreatitis, there is 
restitution of the gland to structural and functional normalcy 
after an acute attack, characterized by acute abdominal pain, 
elevated serum amylase/lipase, and morphological changes 
on imaging. In chronic pancreatitis, patients often experi-
ence attacks of clinical acute pancreatitis, but in contrast to 
true acute pancreatitis there is progressive structural and 
functional damage to the pancreas despite clinical recovery 
from the attacks. Despite the differences in the two entities, 
an emerging body of literature suggests that some patients 
with (recurrent) acute pancreatitis may progress to chronic 
pancreatitis  [  1  ] .  

   Epidemiology 

 In the United States, pancreatitis was listed as the “ fi rst-listed 
diagnosis” in 72,000 hospital discharges and 101,000 ambu-
latory visits for patients aged  ³ 65 years in 2004  [  2  ] . A survey 
in Japan revealed the prevalence of chronic pancreatitis in 
men between 65 and 69 years of age to be 115 per 100,000 
population and in women aged 75–79 years to be 39.6 per 
100,000 population  [  3  ] . A prospective survey of gastroenter-
ologists in France yielded a crude prevalence of 26 per 
100,000 and estimated that about 20% of chronic pancreati-
tis cases occurred in the over 65 year age group  [  4  ] .  

   Effects of Aging on the Pancreas 

 Studies of changes on exocrine pancreatic function with 
aging yield con fl icting data. Early studies showed a 10–30% 
reduction in the volume, bicarbonate, and lipase in pancre-
atic juice in elderly patients  [  5  ] . In contrast, there was no 
difference in secretin stimulated pancreatic secretion between 
25 older subjects and 30 young controls  [  6  ] . Experience with 
secretin stimulation tests over 10 years did not show a 
decrease in bicarbonate secretion with age  [  5  ] . These contra-
dictory data may be due to differences in methodology and 
inadvertent inclusion of asymptomatic pancreatic disease. 
Regardless, even if there was some age related decline (10–
30%), this would not be clinically relevant, since >90% of 
the pancreas has to be damaged to cause clinically evident 
exocrine insuf fi ciency  [  7  ] . 

 In contrast to the effects of age on function, marked 
changes in pancreatic structure occur with aging. Autopsy 
series reveal duct proliferation, lobular degeneration, and 
fatty in fi ltration  [  5,   8,   9  ] . Pancreatic lithiasis ranges from 
being absent in those <70 years to being present in 16% of 
patients >90 years  [  10  ] . Pancreatic lithiasis was found in the 
peripheral ducts upstream from sites of squamous metapla-
sia, was asymptomatic and was not associated with alcohol-
ism or hypercalcemia  [  10  ] . Extensive parenchymal atrophy 
and  fi brosis was also seen in areas upstream from the stones. 
Postmortem pancreatography performed by physicians 
trained in endoscopic retrograde cholangiopancreatography 
(ERCP) found ductal changes similar to those seen in chronic 
pancreatitis in 81% of older adults  [  11,   12  ] . However, histo-
pathology in the same cases con fi rmed the  fi ndings to be 
age-related and not due to chronic pancreatitis  [  11  ] . The sug-
gested ERCP criteria for the diagnosis of chronic pancreati-
tis in the elderly are summarized in Table  44.1   [  12,   13  ] .  

 Age-related pancreatic changes are also seen on endo-
scopic ultrasonography (EUS). In a prospective study of 120 
patients without pancreatic disease, 39% patients >60 years 
had at least one EUS abnormality of chronic pancreatitis 
 [  14  ] . In this study, the presence of >3 EUS abnormalities, 
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ductal or parenchymal stones, ductal narrowing or dilation 
were more likely to represent disease than age-related 
changes  [  14  ] . Thus, caution should be exercised when inter-
preting ERCP and EUS  fi ndings in the geriatric patient.  

   Risk Factors 

   Idiopathic Chronic Pancreatitis 
 Most chronic pancreatitis with onset in the old are due to 
“late-onset” idiopathic disease, originally described as 
“senile” chronic pancreatitis by Amman et al. and character-
ized by an age of onset of 56 years, absence of pain, and early 
development of structural (diffuse calci fi cations) and func-
tional (exocrine and endocrine) abnormalities  [  15,   16  ] . This 
is in contrast to “early-onset” idiopathic disease with a mean 
age of onset of 20 years, presence of pain and longer delay to 
the development of pancreatic abnormalities  [  16,   17  ] .  

   Obstructive Pancreatitis 
 Obstruction of the main pancreatic duct (e.g., by an ampul-
lary malignancy or cancer in the pancreatic head) can be an 
important cause in the elderly patient with new-onset chronic 
pancreatitis  [  12,   18  ] . This form of chronic pancreatitis dif-
fers from other varieties in the absence of calci fi cations and 
higher prevalence of a dilated pancreatic duct  [  18  ] .  

   Alcoholic Chronic Pancreatitis 
 In the general population, alcohol is the most common cause 
of chronic pancreatitis, accounting for 70–80% cases; how-
ever in patients with onset of pancreatitis after the age of 65, 
alcohol is an exceedingly uncommon cause  [  19  ] . The risk 
increases with increasing dose (>4 drinks/day) and duration 
(>10 years) of alcohol consumption  [  20  ] . While alcohol 
appears to play an important role in the development of 
chronic pancreatitis, only 5–15% of alcoholics develop the 
disease, suggesting a role for cofactors such as genetics, 
tobacco, etc.  [  20  ] .  

   Tobacco 
 While smoking is an independent risk factor for chronic pan-
creatitis, the damage to the pancreas is compounded by 
ongoing alcohol use  [  21  ] .  

   Recurrent Acute Pancreatitis 
 Approximately 1 out of every 5 patients with acute alcoholic 
pancreatitis progresses to chronic pancreatitis  [  22  ] .  

   Other Causes 
     • Hereditary pancreatitis  is an uncommon cause of chronic 
pancreatitis. While mutations in the cationic trypsinogen 
gene (PRSS1) are most commonly associated with chronic 
pancreatitis, mutated cystic  fi brosis gene (CFTR) and 
trypsin inhibitor (SPINK1) genes are being increasingly 
identi fi ed in patients with idiopathic chronic pancreatitis 
 [  23,   24  ] .  
   • Autoimmune pancreatitis (AIP) : This entity is discussed 
in a separate section.  
   • Tropical pancreatitis : Although the life expectancy of 
patients with tropical pancreatitis has considerably 
improved, it is not yet a geriatric problem. The entity is 
common in southern India and is characterized by onset at 
young age, severe malnutrition, diabetes mellitus, and 
pancreatic calculi.    

 In summary, the etiology of chronic pancreatitis may be 
attributed to a complex interplay of environmental and genetic 
factors. The former include alcohol, tobacco and occupa-
tional chemicals, while the genetic factors include mutations 
in trypsin-controlling or cystic  fi brosis genes  [  25  ] .   

   Clinical Presentation 

 Abdominal pain, an uncommon symptom in late-onset idio-
pathic chronic pancreatitis, is often a major complaint in 
alcoholic chronic pancreatitis  [  12,   16  ] . The typical pain is 
epigastric, postprandial, radiates to the back, and is relieved 
by sitting up or leaning forward. 

 Pancreatic exocrine insuf fi ciency is often the present-
ing symptom in patients with late-onset idiopathic chronic 
pancreatitis  [  16  ] . While protein and carbohydrate malab-
sorption might occur in advanced pancreatic insuf fi ciency, 
they are generally less pronounced than fat malabsorption 
due to intact salivary amylase and brush border peptidases 
in most patients. Most patients with exocrine insuf fi ciency 
present with greasy, foul-smelling stools (steatorrhea). 
Patients might also present with weight loss, malnutrition, 
fat-soluble vitamin de fi ciencies (Vitamin A, D, E, and K) 
and vitamin B12 de fi ciency (due to noncleavage of 
R-factor from vitamin B12, dependent on pancreatic 
function). 

 Endocrine pancreatic insuf fi ciency ranges from mild to 
severe insulin-requiring diabetes.  

   Diagnosis 

 No single diagnostic test is adequately sensitive or speci fi c 
for chronic pancreatitis in all patients. Age-related structural 
changes in the older adult may make the diagnosis even more 
dif fi cult. A suggested diagnostic algorithm for chronic pan-
creatitis is outlined in Fig.  44.1 .  

   Table 44.1    ERCP criteria for diagnosis of chronic pancreatitis in the 
elderly (Adapted from Gloor et al.  [  12  ] , Jones et al.  [  13  ] )   

 Ductal obstruction and stricture 
 Gross irregularity of the main pancreatic duct 
 Presence of large cavities (>5 mm) (due to prestenotic ductal dilation) 
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 Tests of function

    • Amylase and lipase levels : Amylase and lipase levels are 
generally normal (due to  fi brosis) and are not useful in the 
diagnosis of chronic pancreatitis.  
   • Stool fat quantitation : A 72-h fecal fat quantitation is use-
ful in patients with steatorrhea. Patients with pancreatic 
insuf fi ciency typically excrete >10–14 g of fat. Since exo-
crine pancreatic insuf fi ciency develops only when <10% 
secretory capacity remains, this test is not useful in the 
diagnosis of early disease  [  7  ] . Further, the test is cumber-
some in the elderly.  
   • Stool elastase and chymotrypsin : These tests are a mea-
sure of the secretion of elastase and chymotrypsin by the 
pancreas on random stool samples  [  26  ] . However, they 
provide yield only in the presence of steatorrhea, obviat-
ing their utility in the diagnosis of early disease  [  27  ] .  
   • Hormonal stimulation tests : They measure pancreatic 
secretory capacity by collecting pancreatic  fl uid following 
stimulation with a secretagogue (e.g., secretin). Hormonal 
stimulation tests are considered the most sensitive tests 

(70–90%) for chronic pancreatitis  [  28  ] . While they detect 
early disease, there is a risk of complications from inva-
sive endoscopic procedures  [  29  ] .    

 Tests of structure

    • Plain radiography : Diffuse calci fi cations in the pancre-
atic duct are very speci fi c for chronic pancreatitis and 
often seen in elderly smokers with late-onset idiopathic 
disease  [  30  ]  (Fig.  44.2 ).   
   • Ultrasonography (USG) : Transabdominal ultrasound has 
limited utility in evaluation of the pancreas due to inter-
ference by bowel gas and body fat  [  31  ] .  
   • Computed tomography (CT) : CT has the advantage of 
adequate imaging regardless of body habitus, but carries 
risk of radiation exposure. However, the higher sensitivity 
(80–90%) and speci fi city (85%) for diagnosis of chronic 
pancreatitis justify its widespread use  [  32  ] .  
   • Magnetic resonance cholangiopancreatography (MRCP) : 
MRCP is increasingly becoming the preferred test in the 
diagnosis of chronic pancreatitis since it can detect ductal 

  Fig. 44.1    Diagnostic algorithm for suspected chronic pancreatitis (Adapted from Etemad et al.  [  24  ] )       
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abnormalities with a similar frequency to ERCP and 
avoids the risks associated with ERCP  [  33,   34  ] .  
   • Endoscopic retrograde cholangiopancreatography 
(ERCP) : ERCP has the highest sensitivity (70–90%) and 
speci fi city (80–100%) for the diagnosis of chronic pan-
creatitis but carries a risk of complications  [  33  ] . As dis-
cussed earlier, ERCP  fi ndings of chronic pancreatitis in 
the older patient (Fig.  44.3 ) can be confounded by age-
related changes in the normal pancreas  [  35,   36  ] .   

   • Endoscopic ultrasound (EUS) : EUS criteria for diagnosis 
of chronic pancreatitis include ductal abnormalities (dila-
tion, irregularity, calci fi cation, etc.) and parenchymal 
abnormalities (cysts, hyperechoic foci, lobularity, etc.) 
 [  36,   37  ]  (Fig.  44.4a, b, c ) Besides aging, alcohol, smok-
ing, and acute pancreatitis can all cause EUS abnormali-
ties in the absence of chronic pancreatitis  [  14,   38  ] . EUS 
diagnosis is, therefore, heavily dependent on operator 
experience.     

 As chronic pancreatitis is a complex disease, EUS-based 
 criteria for diagnosis have differed widely. A consensus study 
has established major and minor EUS based criteria for 
chronic pancreatitis in the “Rosemont Classi fi cation”  [  39  ] . 
Further, EUS may be complemented by digital imaging anal-
ysis and functional testing; EUS may also be used for celiac 
plexus blockade and ductal access techniques  [  40  ] .  

   Treatment 

 Therapy for chronic pancreatitis is centered on the manage-
ment of symptoms. 

   Abdominal Pain 
 Lifestyle modi fi cations including abstinence from alcohol 
and cessation of smoking are associated with a reduction in 
pain  [  41  ] . Supplemental antioxidants (selenium, vitamin A, 
vitamin C, and vitamin E) have a modest effect on reducing 
pain  [  42  ] . However, most patients require some form of anal-
gesia for pain control. When prescribing analgesics in the 
elderly, the strategy is to begin with nonnarcotic analgesics 
followed by low-potency opioids (e.g., tramadol) and  fi nally 
higher-potency narcotics. The goal is to reduce pain to a 
manageable level and not complete alleviation. Since chronic 
pain can lead to depression which in turn exacerbates pain, 
there is a role for adjunct therapy such as antidepressants. 
Pancreatic enzymes help reduce pain only in small duct dis-
ease, women and those with idiopathic chronic pancreatitis 
 [  43  ] . Patients with worsening abdominal pain require evalu-
ation for complications such as pseudocysts, cancer, stric-
ture, etc. 

 Since the celiac plexus transmits nociceptive impulses 
from the pancreas to the spinal cord, blocking these signals 
(percutaneously, endoscopically, or surgically) can help treat 
pain in chronic pancreatitis. While EUS guided celiac plexus 
block (injecting steroids) is safer and more cost-effective than 
CT guided techniques, the pain relief is temporary.  [  44  ]  
A study of 90 patients showed pain relief in 55% at 4 weeks 
but by 24 weeks only 10% reported sustained bene fi t  [  45  ] . 
EUS guided celiac plexus block might be useful in the elderly 
since pain relief was more evident in those over age 45 years 
in the previously mentioned study, although its precise role is 
still evolving  [  45  ] . In patients with large duct disease and 

  Fig. 44.2    Abdominal plain  fi lm in a patient with chronic pancreatitis 
with diffuse calci fi cations in the pancreas       

  Fig. 44.3    Endoscopic retrograde cholangiopancreatography showing 
classic changes of chronic pancreatitis in an elderly patient (grossly 
irregular and dilated main pancreatic duct, dilated side branches,  fi lling 
defects and stone in the main pancreatic duct)       
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 evidence of pancreatic ductal obstruction (strictures or 
stones), endoscopic therapy with a pancreatic sphincterotomy 
with or without pancreatic stenting might be useful  [  46  ] . 
Surgical intervention with ductal drainage or pancreatic resec-
tion is reserved for medically refractory disease, suspected 
malignancy, and complications such as pseudocysts  [  47  ] .  

   Steatorrhea 
 The mainstay of treatment for pancreatic steatorrhea is pan-
creatic enzyme supplementation. Lipase (30,000–50,000 IU) 
spread over each meal is generally adequate  [  28  ] . A smaller 
amount is required with snacks. If a non-enteric-coated for-
mulation is selected, concomitant acid suppression (e.g., 
proton pump inhibitor or H 

2
  blocker) is necessary. In addi-

tion, fat-soluble vitamins should be replaced in patients with 
steatorrhea. In patients who do not respond, dietary restric-
tion of fat to less than 20 g per day may help relief of steator-
rhea, but prevents weight gain. Bacterial overgrowth may 
complicate steatorrhea and require treatment. Medium chain 
triglycerides (MCTs), which do not need lipase for absorp-
tion, are rarely required to treat pancreatic steatorrhea  [  28  ] .  

   Diabetes Mellitus 
 Diabetes in chronic pancreatitis is usually insulin requiring. 
In addition, there is increased risk of hypoglycemia due to 
loss of glucagon secreting alpha cells. 

 Complications and approach to management are listed in 
Table  44.2 .    

   Autoimmune Pancreatitis 

 AIP is a rare autoimmune disorder that is subclassi fi ed into 
two types, based on distinct pathological and clinical pro fi les 
 [  52  ] . Type 1 or lymphoplasmacytic sclerosing pancreatitis is 
characterized by in fi ltration of the pancreas by IgG4 positive 
plasma cells (Fig.  44.5a, b ) and typically affects elderly men. 
Over 80% of patients with type 1 AIP are males, with >80% 
over age 50  [  52  ] . Type 1 disease is also associated with a 
higher relapse rate as well as extrapancreatic involvement. In 
contrast, type 2 or idiopathic duct centric pancreatitis is char-
acterized by a granulocytic epithelial lesion (GEL) with min-
imal IgG4 positive cells and affects younger patients 

  Fig. 44.4    EUS  fi ndings in chronic pancreatitis (Courtesy: Dr. Michael J. Levy, Mayo Clinic, Rochester, MN). ( a ) Normal pancreas. 
( b ) Hyperechoic foci. ( c ) Dilated main pancreatic duct, intraductal calculus       
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(affecting males and females equally). Type 2 disease rarely 
relapses or manifests with extrapancreatic disease but is 
associated with in fl ammatory bowel disease in 20–30% cases 
 [  52  ] . AIP typically presents with obstructive jaundice. Other 
manifestations include a pancreatic mass (at times mistaken 
for a carcinoma) and other organ involvement (sialadenitis, 
retroperitoneal  fi brosis, lymphadenopathy, interstitial nephri-
tis, etc.)  [  53  ] . The HISORt criteria ( H istology, characteristic 
 I maging (Fig.  44.6 ), elevated IgG4 on  S erology,  O ther organ 
involvement,  R esponse to  t reatment) are commonly used for 
diagnosis  [  54  ] . For inconclusive cases, a pancreatic biopsy 
might be necessary. Steroids are the mainstay of treatment. 
Patients who relapse on steroids or following steroid 

 withdrawal may require immunosuppression (azathioprine, 
mycophenolate, cyclophosphamide, etc.)  [  53  ] .   

  Key Points 

    While alcohol is the most common cause of chronic pan-• 
creatitis in the general population, alcoholic pancreatitis 
rarely has its onset over age 60 years.  
  Pancreatic cancer can mimic chronic pancreatitis in the • 
elderly.  
  There might be a latency of decades before chronic pan-• 
creatitis becomes clinically evident.  

   Table 44.2    Complications of chronic pancreatitis  [  48–  51  ]    

 Complication  Cause  Presentation  Diagnosis  Treatment 

 Pseudocyst  Ductal disruption  Abdominal pain 
 Bleeding 
 Bowel/biliary obstruction 
 Ascites (from disruption) 

 Imaging with USG, 
CT, MRI, EUS 

 No treatment, if asymptomatic 
 Drainage, if symptomatic, 
enlarging or complicated 

 Biliary/duodenal 
obstruction 

 In fl ammation or 
 fi brosis in the head 
leading to compression 

 Jaundice 
 Nausea, vomiting, 
abdominal pain 

 CT 
 MRCP 
 EGD 

 Surgical bypass or endoscopic 
stenting 

 Pancreatic 
 fi stulae and 
ascites 

 Ductal disruption, 
pseudocyst rupture 

 Abdominal pain 
 Ascites 

 High amylase on 
paracentesis 

 TPN, NPO, octreotide 
 Endoscopic stenting 
 Surgery 

 Splenic vein 
thrombosis 

 Contiguous 
in fl ammation 

 Gastrointestinal bleeding 
from gastric varices 

 EGD 
 USG with Doppler 
 CT 

 No treatment if asymptomatic 
 Endoscopic glue for bleeding 
 Splenectomy is curative 

 Pseudoaneurysm  Enzymatic digestion of 
arterial wall 

 Bleeding  Urgent EGD 
 CT 
 Angiography 

 Angiographic embolization 
 Surgery, if embolization fails 

 Pancreatic cancer  Highest risk in active 
smokers 

 No speci fi c symptoms 
 Abdominal pain, weight 
loss, jaundice 

 CA19-9 
 CT 
 EUS 

 Surgery, if resectable 

  Fig. 44.5    Histopatholologic  fi ndings of autoimmune pancreatitis type I. ( a ) H & E stain shows lymphoplasmacytic in fi ltrate and storiform  fi brosis 
surrounding a vein (obliterative phlebitis). ( b ) IgG4 immunostain shows diffuse increase in IgG4 in the gland       
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  Elderly patients often present with exocrine insuf fi ciency • 
without signi fi cant abdominal pain.  
  Age-related changes in pancreatic structure can resemble • 
the changes of chronic pancreatitis.  
  Diffuse pancreatic calci fi cations on abdominal radio-• 
graphs are speci fi c for chronic pancreatitis but are gener-
ally seen in late stages of the disease.  
  In early chronic pancreatitis, CT and MRI may be • 
normal.  
  EUS  fi ndings of chronic pancreatitis may be confounded • 
by changes due to aging, alcohol, and smoking.  
  Patients with chronic pancreatitis are at increased risk of • 
pancreatic cancer.           
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      Background and Signi fi cance 

 Demographic trends suggest that tooth loss in individuals in 
developed countries is on the decline and this direction is 
expected to continue; hence, the prevention and care for 
dental caries and periodontal disease are relevant. Even with 
the steady decline in edentulism, a fourth of older adults have 
lost their teeth. Tooth loss is associated with adverse psycho-
logical rami fi cations, such as loss of con fi dence, altered 
speech, embarrassment, discomfort, and avoidance of social 
dining. The interrelationship between oral health and general 
health is especially pronounced in older adults due to com-
promised chewing, eating, and nutrition. Impaired mastica-
tion and oral health are consistently associated with softer 
food choices, and lower intake of  fi ber and micronutrients  [  1  ] . 
Poor oral health is associated with impaired quality of life, 
and systemic illness. 

 The oral cavity consists of specialized hard and soft tis-
sues that serve to function as a cohesive unit for the purposes 
of mastication, swallowing, and communication. Soft tissue 
structures include the tongue and taste buds,  fl oor of the 
mouth, lining mucosa, attached gingiva, hard and soft palatal 
tissues, tooth pulp, tonsils, and the alveolar mucosa. Principle 
 fi ber groups composed of collagen and  fi brin serve to brace 
the gingiva against the alveolar jawbone. The periodontal 
ligament is a highly specialized group of collagen  fi bers that 
 fi rmly attach the tooth to the jaw, providing supportive, sen-
sory, and nutritive functions to the tooth and surrounding 
alveolar bone. Hard tissues include tooth structures such as 
enamel, dentin (which houses the tooth’s pulp), cementum, 

lamina dura, and alveolar bone. The teeth are innervated 
primarily by the trigeminal cranial nerve and receive blood 
and nutrients from surrounding bone  [  2  ] .  

   Access and Barriers to Care 

 The negative impact of poor oral health on the quality of life 
in older adults is a public health issue. Access to care may be 
affected by several barriers, commonly high costs associated 
with dental care, transportation to dental clinics, and dis-
abilities that affect mobility. Although oral health problems 
are frequently encountered in older adults, other comorbidity 
gets a higher priority for care and treatment. Further, many 
older adults do not perceive a need for routine dentistry in 
the absence of pain. According to the Center for Disease 
Control and Prevention, only 58% of adults over age 65 had 
an annual dental visit in 2006  [  3  ] . Dental insurance coverage 
is a strong correlate of dental care use in the aged. Dental 
insurance is typically provided as a bene fi t for working indi-
viduals, while retired persons are unlikely to have dental 
insurance. In addition, Medicare and Medicaid do not cover 
dental procedures. The rising costs of prescription drugs 
cause retirees to make a choice about where they will spend 
their health care dollars  [  1  ] . 

 A qualitative study revealed that the major barriers to oral 
care for residents in long-term care facilities are lack of des-
ignated personnel, time constraints on nursing staff, poor 
oral hygiene and noncompliance among the residents, with 
low priority for daily mouth care  [  4  ] . Limitations resulting 
from being institutionalized are also a barrier. Residence in 
nursing homes for extended periods is associated with greater 
exposure to pathogens and unmet dental needs. Although 
there is paucity of high-level evidence, current data does sug-
gest that oral care is important in reducing aspiration pneu-
monia in the elderly; poor oral hygiene is associated with the 
greatest risk, compounded by dysphagia, feeding problems, 
and decreased functional status  [  5  ] . 
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 Oral decontamination using topical antimicrobial agents, 
such as chlorhexidine gluconate, with mechanical plaque 
control may reduce the rate of ventilator-associated-pneu-
monia (VAP). The Center for Disease Control and Prevention, 
the American Thoracic Society, and the Infectious Disease 
Society of America agree that poor oral health is a modi fi able 
risk factor for VAP  [  6  ]  (Table  45.1 ).   

   Oral-to-Systemic Health and Disease 

 Chronic systemic diseases share risk factors with oral diseases 
 [  7  ] . Oral manifestations are evident in several systemic disor-
ders; cardiovascular, cerebrovascular, chronic lung and chronic 
kidney disease, diabetes, gastroesophageal re fl ux disease 
(GERD), immune de fi cient states and more. The link to this 
bidirectional relationship is in fl ammation  [  8  ] . Periodontal 
pathogens and in fl ammatory mediators pronounced in the oral 
cavity may gain access to the circulation leading to systemic 
effects  [  3  ] . Arthritis and periodontitis share proin fl ammatory 
pathways. Periodontal disease and in fl ammation interact to 
diminish oral function, quality of life, nutrition, and increase 
risk for systemic disease. Restricted dexterity compromises 
oral hygiene in the elderly with arthritis; the same occurs in 
stroke on the affected side. Oral infections and impaired sali-
vary  fl ow need to be promptly addressed in diabetics. Visual 
and hearing impairment cause dif fi culties in removal of the 
plaque bio fi lm, resulting in gingival in fl ammation  [  6  ] . 

  Dental caries  is de fi ned as a localized, pathogenic pro-
cess of external origin that involves softening of hard tissue 
surfaces, and proceeds to cavity formation. The caries pro-
cess requires the presence of microorganisms such as  Mutans 
streptococci,  and  Lactobacilli,  in addition to a carbohydrate 
source and a susceptible tooth surface. Acid challenge results 
from the action of cariogenic bacteria in dental bio fi lm allowing 
these products to pass through microchannels in the enamel 

to penetrate into the underlying tooth dentin. Critical pH for 
tooth enamel is 4.5–5.0, and for cementum (root surface), 
6.0–6.7. The incidence of root caries (decay of exposed root 
surfaces) is directly proportional to the amount of exposed 
root surfaces  [  2  ] . 

 Longitudinal data suggests that caries (decay) is more 
prevalent in older adults than children; the latter are primary 
recipients of caries-prevention services. Currently, water 
 fl uoridation is the main caries-prevention program that 
bene fi ts older adults by preventing decalci fi cation and pro-
moting recalci fi cation of tooth surfaces  [  9  ] . Because of gin-
gival (gum) recession, older adults are more prone to decay 
on the exposed root area adjoining the gumline. This under-
neath dentin is softer and lacks the protective hard enamel 
coating; therefore, it is affected by the plaque bio fi lm and 
can decay at a faster rate. Older adults should be taught to 
concentrate on cleaning at the gumline, without scrubbing 
this vulnerable area. For decay or caries prevention, they 
should limit sugar and fermentable carbohydrates because 
these foods and drinks cause a rapid drop in pH to acidic 
levels, which can last 20 min with each exposure and pro-
mote demineralization of dental enamel  [  10  ] . 

 Factors that contribute to oral health problems in older 
adults include neurological disorders, dysphagia, adverse drug 
effects, past  fl uoride exposure, smoking, alcoholism, and inad-
equate prior preventive dental services. Physical limitations, 
common in the aged, often lead to suboptimal oral hygiene. 
The dexterity required for proper brushing and  fl ossing decline 
with age. As a result, the elderly may depend on family and 
caregiver to maintain oral hygiene  [  1  ] . Preventive dentistry is 
crucial in the presence of Alzheimer’s or other dementias; 
these patients may forget dental appointments, home care 
instructions, or the daily oral hygiene procedures, all compo-
nents of their instrumental or basic activities of daily living. 
Access, mobility, and communication may be impaired with 
depression and memory loss. These patients may bene fi t from 
using adaptive  fl oss aids, power toothbrushes, and oral irriga-
tors. The patient should brush long enough with the proper 45° 
angle at gumline to remove the bacterial plaque. In addition, 
caregiver assistance may be required. Interdisciplinary com-
munication between the dental and medical team helps manage 
complex dental and systemic issues  [  11  ] .  

   Periodontal In fl ammation 
and Gastrointestinal Disorders 

 Periodontal disease can be divided into two primary forms, 
gingivitis and periodontitis. In essence, both forms of this 
disease are direct in fl ammatory responses to dental bio fi lm. 
As dental bio fi lm accumulates at the cervical tooth surface 
adjacent to the gingival margin, a localized in fl ammatory 
reaction takes places, initiating a natural defense mechanism 

   Table 45.1    Barriers to receiving dental care  [  1,   3  ]    

 Barriers  In home care  In institutions 

 High cost of dental care  X  X 
 Lack of dental insurance  X  X 
 No Medicare or Medicaid  X  X 
 Health care dollars spent on 
medications instead 

 X 

 Transportation to dental of fi ce  X  X 
 Comorbid disorders have higher 
priority 

 X  X 

 Inadequate knowledge about 
oral care 

 X  X 

 Perception that dental care is 
not important 

 X 

 Providers view oral care as 
lower priority 

 X 
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by the host. As the bio fi lm continues to accumulate and age, 
more virulent strains of anaerobic bacteria begin to appear. 
Additionally, the host response becomes more clinically 
noticeable with the presence of redness, bleeding, and tissue 
edema. Eventually, the untreated lesion leads to exposed root 
surfaces as well as loose teeth  [  2  ] . 

 Periodontal diseases are de fi ned as a group of in fl ammatory 
disorders that affect the supporting ligaments and bone tissue 
in the mouth  [  12  ] . Emerging dental research suggests bacte-
ria implicated in causing periodontal disease may play a role 
in triggering the immune system’s in fl ammatory cascade 
mechanism  [  13  ] . This link may be due to shared proin fl am-
matory cytokine expression common to both conditions. 
Implicated cytokines in periodontal in fl ammatory response 
are tumor necrosis alpha (TNF-a), interleukin 17 (IL-17), 
and interleukin 22 (IL-22); they also act on epithelial and 
 fi broblast cells in systemic conditions such as Crohn’s 
disease  [  14  ] . 

 Treating the in fl ammatory component of the systemic dis-
order may help manage the periodontal problem  [  15  ] . 
Immune modulation is a therapeutic approach that down-
regulates proin fl ammatory cytokine and up-regulates anti-
in fl ammatory cytokines. Immune modulation therapy for 
Crohn’s disease has shown promising results. Trials of intra-
venously administered antitumor necrosis factor- a  antibody 
have shown dramatic responses in altering mucosal responses 
in patients with Crohn’s disease. This response may be linked 
to the removal of tumor necrosis factor- a  affecting T-helper 
1-mediated cytokine production of interferon- g , a key factor 
in Crohn’s in fl ammation  [  16  ] . The therapeutic bene fi ts of 
immune modulation may be a viable approach for treating 
periodontal disease  [  15  ] . 

 The most common reason for tooth loss is periodontal 
disease. When this happens, there are several replacements 
for the natural teeth. A removable partial denture replaces 
only a few teeth. A complete denture replaces all of the teeth 
in the entire arch. A  fi xed bridge replaces only one or two teeth, 
attaches to natural teeth on either side of the missing tooth, 
and is not removable. An implant is composed of titanium 
and is placed during a surgical procedure. The implant is 
either restored with a crown over the titanium or an overden-
ture, which is a removable prosthesis that rests on retained 
natural teeth, following excessive bone loss, to give addi-
tional support while chewing. 

 Each prosthesis and the oral mucosa require daily oral 
care. Natural teeth should be cleaned with a disposable  fl oss 
holder and power toothbrush if dexterity or arthritis is a prob-
lem. The denture should be placed in a plastic container with 
a  fi tted cover away from the bedside, so the patient will not 
accidently drink the solution when not fully alert at night. 
Warm water in the container with an effervescent tablet helps 
clean the denture or partial while the patient is asleep. 
Removal of the prosthesis at night helps rest the oral tissues. 
Oral cancer has been linked to ill- fi tting dentures and partials. 
The sink may be lined with a face cloth to reduce breakage if 
the prosthesis is dropped; a brush made for either dentures or 
partials helps clean the prosthesis. Fixed bridges and implants 
should be  fl ossed with a special threader  [  17  ] .  

   Periodontal Health and Cardiovascular 
Disease 

 Chronic infections such as periodontal disease could be an 
initiating factor in the development of coronary artery disease 
(CAD). Periodontitis, as also bleeding sites and mobile teeth, 
is more frequent in those with CAD vs. controls. In part, this 
association may relate to in fl ammation, and the acute phase 
response causative in atherogenesis  [  18  ] .  

   Oral Manifestations of Gastrointestinal 
Disorders 

 The link between gastrointestinal disorders and oral mani-
festations has been well elucidated. The most common oral 
manifestation of Crohn’s disease is  apthosis , a condition 
characterized by ulcerative, often painful lesions of oral free 
mucosal tissue. Less common manifestations include gingival 
hyperplasia, mucosal hyperplasia (nodular texture of buccal 
mucosa), diffuse gingival swelling, and angular cheilitis. 
While gingival hyperplasia is a less-often seen oral manifes-
tation, it is one of the  fi rst diagnostic signs of Crohn’s disease 
 [  19  ] . Patients with gastroesophageal re fl ux disease (GERD) 
may also present with erosion of hard tissue surfaces (enamel, 
cementum, and dentinal surfaces), nonspeci fi c burning sen-
sations, mucosal ulcerations, and alterations in taste perception 
 [  20,   21  ]  (Table  45.2 ).   

   Table 45.2    Gastrointestinal disorders with oral manifestations  [  20,   21  ]    

 Crohn’s disease  Aphthous ulcers, gingival hyperplasia, nodularity of buccal mucosa, angular cheiltis 

 GERD  Erythematous lesions in the palate, tonsillar area, uvula; erosion of hard tooth structure, xerostomia, 
altered taste perception 

 Gastic ulcers ( H. pylori  causative)  Pooling of H. pylori in recurrent aphthous ulcers, buccal mucosa, ventral surface of tongue; 
possible oral to oral transmission 

 Ulcerative colitis  Aphhthous ulcers, angular chelitis (less prominent than in Crohn’s disease) 
 Chronic gastritis  Caries risk with overuse of chewable antacid tablets 
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   Common Oral Mucosal Disorders 
in the Elderly 

 The elderly are commonly confronted with oral mucosal dis-
ease and lesions indicative of changes in systemic health. 
Oral cancer is the most signi fi cant oral mucosal lesion in 
older adults, increasing in frequency with age. The incidence 
and mortality rate for oral cancer is highest in individuals 
aged over 45 years. Sites for oral malignancy include lateral 
borders of the tongue,  fl oor of the mouth, lips, buccal mucosa 
and posterior oropharnyx (tonsils). Most oral cancers are 
squamous cell lesions, but may include salivary, bone, or 
lymphoid cancers  [  22  ] . Furthermore, older adults are suscep-
tible to opportunistic oral infections due to age and disease 
related changes in the oral cavity and immune system  [  23  ] . 
Infections in the oral cavity may be viral, fungal, or bacterial 
in origin. The most common viral infections are due to her-
pes simplex virus and varicella zoster virus. Bacterial infec-
tions are most often of periodontal or cariogenic origin. 
 Candida albicans  is the most common oral infection of fun-
gal origin  [  22  ] . 

 Gingivitis, an in fl ammation of the gingival unit (gums), 
may be the result of medication use, such as calcium channel 
blockers, phenytoin, and cyclosporins; gingivitis can predis-
pose to caries and periodontitis. Treatment includes meticu-
lous oral hygiene, including brushing and  fl ossing after 
meals. Oral rinses with antimicrobials such as chlorhexidene 
0.12% and antibiotics such as metronidazole or clindamycin 
may help  [  24  ] .  

   Medications Affecting Oral Health 

 Medications cause adverse events affecting the oral cavity, 
the most common being xerostomia. Implicated medications 
causing xerostomia or interrupted saliva  fl ow include anti-
cholinergics, antipsychotics, antidepressants, anxiolytics, 
sedative, opioids, antihypertensives, diuretics, and nonsteroi-
dal anti-in fl ammatory drugs  [  25  ] . It is incumbent upon health 
care professionals to review the patient’s medical history, 
including drug history at each visit to ensure that the patient’s 
dental health is not adversely affected by medications  [  26  ] . 

 Certain antidepressant and antipsychotic medications 
have been associated with adverse drug reactions associated 
with movement disorders of the extrapyramidal system. 
Examples of agents that can cause unwanted dystonic effects 
include high-potency antipsychotic medications such as 
haloperidol, prochlorperazine, metochlopramide, thior-
idazine, resperidol and several others. While the incidence 
of reactions varies, the effects appear linked to the duration 
and dose of drug exposure. Manifestations are more com-
mon in females over 40 years, who take phenothiazines for 

6 months to 2 years, or as long as 20 years. Dystonic mani-
festations include Parkinsonism, akathisia (increased com-
pulsive motor activity), and tardive dyskinesia of the tongue, 
lips, face, and jaw  [  24  ] . 

 It is estimated that nearly 400 medications may have 
antisialogogue properties and alter oral pH. Xerostomia 
coupled with lower pH can impair the normal protective 
mechanisms of saliva signi fi cantly, increasing the risk for 
carious lesions (decay), mucositis, or periodontal infection 
 [  23  ] . Salivary function does not decline with age, but sali-
vary glands in older adults are more susceptible to damage 
than the young. Hence, xerostomia and hyposalivation are 
more common in older people  [  25  ]  xerostomia is de fi ned as 
oral dryness resulting from diminished or arrested salivary 
 fl ow. Contrastingly, salivary gland hypofunction or hypos-
alivation is a condition of reduced salivary function  [  23  ] . 
Xerostomic symptoms may be comorbid with other oral 
conditions such as burning mouth syndrome, dysphagia, 
parageusia, or dysguesia. Antisialogogue states impair 
physical and psychosocial function. Patients may self-report 
symptoms ranging that are mild to embarrassment or sub-
stantial disruptions to daily living  [  25  ] . 

 The role of salivary function in maintaining oral health 
cannot be understated. Saliva lubricates soft oral mucosal tis-
sues, deters adhesion of bacteria to tooth structure, prevents 
gingival and mucosal ulcerations, buffers acids, aids in tooth 
remineralization, and assists in proper bolus formation  [  25  ] . 
Interruptions to saliva  fl ow may affect speech, the proper  fi t 
of oral appliances, and may lead to altered taste perception 
 [  23  ] . Those on multiple medications stand to bene fi t from 
salivation status as part of routine assessment by their health 
care professionals  [  25  ] . Salivary hypofunction also results 
from chemotherapy or radiotherapy for cancer, and also con-
ditions such as Alzheimer’s disease, Sjogren’s syndrome, 
thyroid disorders, diabetes, and systemic lupus. Local treat-
ment strategies that provide transient relief from xerostomia 
include topical lubricants, coating agents, and saliva stimu-
lants. Saliva-stimulating lozenges or gums, oral moisturiz-
ers, and saliva substitute products may provide a measure of 
relief from xerostomia  [  23  ]  (Table  45.3 ). Salivary substitutes 
in gel form may help lubrication.  

 Bisphosphonates, which inhibit resorption of bone, are 
used in the management of osteoporosis. However, they are 
incriminated in disrupting the balanced osteoclast/osteoblast 
axis in the jaws with potential for osteonecrosis. A medical 
claims study of over 700,000 people suggested that oral 
administration of bisphosphonates decreases the risk of 
adverse bone outcomes, but IV administration signi fi cantly 
increases risk of osteonecrosis  [  27  ] . A relationship was found 
between IV use and in fl ammatory jaw conditions, and major 
jaw surgery for in fl ammatory conditions or various cancers. 
Cancer patients on intravenous bisphosphonates should be 
handled cautiously for invasive dental procedures  [  28  ] . 
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 Further, recent reports have also documented the possible 
link between oral bisphosphonates and bisphosphonate-
related osteonecrosis of the jaw (BRONJ), characterized by 
painful areas of exposed bone in the oral cavity. Clinicians 
and prescribers need to be aware of this potential complica-
tion. Health care providers must weigh the risk vs. bene fi t 
ratio of using bisphosphonates for osteoporosis; the drug 
class also has a long half-life. Interdisciplinary collabora-
tion between the medical and dental teams is paramount for 
good clinical outcomes. Patients on bisphosphonates must 
maintain good oral hygiene, and undergo regular dental 
checkups, including cleanings, to reduce dental or periodontal 
infections  [  29  ] . 

  Key Points 

    Healthy People 2020 objective is to increase the propor-• 
tion of long-term care residents to utilize the oral health 
care system each year  [  30  ] .  
  Oral health is essential for communication, nutrition and • 
host protection; age by itself does not impair oral health.  
  Proper daily oral care, with prevention as the cornerstone, • 
is the most crucial factor in improving oral health in older 
adults. Expert dental hygienists can train the nursing staff 
and facilitate oral care in hospitals and nursing homes.  
  Older adults tend to be on numerous medications, render-• 
ing them susceptible to adverse effects involving the oral 
mucosa, appetite, or taste.  
  The combination of systemic disease and its therapy, or • 
medications by themselves predispose older adults to 
undesired manifestations and impaired quality of life.          
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      Background 

 The aging population has resulted in a geriatric group rang-
ing from the healthy to the frail, characteristically manifest-
ing comorbid illness. While several chronic disorders in the 
aged can be diagnosed easily, some escape early diagnosis. 
Small intestinal bacterial overgrowth (SIBO) is de fi ned as 
any condition in which part of the small bowel harbors for a 
long time bacterial counts over 10 5  Colony Forming Units/
ml (CFU/ml) in the intestinal juice. SIBO is an entity that the 
aged are prone to, but often escapes diagnosis, partly due to 
its vague and nonspeci fi c presentation. Also referred to as 
small bowel bacterial overgrowth (SBBO), it is an unrecog-
nized, but common cause of malnutrition in the geriatric age 
group, resulting from the proliferation of bacteria in the oth-
erwise normally sterile small intestine lumen  [  1,   2  ] . The bac-
terial proliferation deprives the host of macro- and 
micronutrients. The term SIBO refers to an increase or an 
alteration of the normal  fl ora of the upper gastrointestinal 
(GI) tract and an overgrowth of colonic-type bacteria in the 
small intestine  [  3  ] .  

   Normal Gut Flora 

 In the healthy state, several defense mechanisms play a role 
in keeping gut bacterial counts close to normal; mecha-
nisms include gastric acid secretion, normal intestinal 
motility, intestinal secretions with their bacteriostatic prop-
erties, and immunoglobulins in the intestinal mucosa. These 
defense mechanisms can be altered by systemic disease, 
surgery,  fi stulas or diverticuli, and medications. On the 
other hand, gut microbiota also contribute to useful func-
tions such as trophic effects for the gut epithelium, immune 
function, fermentation of carbohydrates and prevention of 
growth of oppressive  fl ora, amongst others. 

 Bacterial counts have become possible through a process 
of DNA sequencing; based on the technique used, the num-
ber of bacteria and variety change signi fi cantly. The epithe-
lial surface of the small intestine is not colonized in health. 
As many as 500 or more different species of bacteria reside 
in the gut, but the majority are compromised of a few spe-
cies. In healthy states, the upper gastrointestinal tract barring 
the oral cavity is low in bacterial activity, while at the lower 
end the colon is loaded with bacteria, the huge number also 
contributing to more than half the fecal mass  [  4,   5  ] . The oral 
cavity houses bacteria of several species that line the tongue, 
 fl oor of mouth, cheek, and teeth; the bacteria are diverse even 
in good health, and predominantly anerobes. In the healthy 
state, protozoa and fungi contribute small numbers in the 
gut. The bacterial count is low in the duodenum and proxi-
mal jejunum, counts typically below 10 4  CFU/mL; here, 
counts above 10 5  CFU/mL are diagnostic of SIBO. While 
most bacteria in the small intestine are anerobes, there is a 
signi fi cant increase in aerobes at the cecal site. The large 
intestine lumen carries the highest load of bacteria, 99% of 
them anerobes, contributing to fecal mass. Table  46.1  pro-
vides an idea of bacterial  fl ora and counts at different gut 
sites  [  4–  6  ] .   
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   Prevalence of Bacterial Overgrowth 

 The precise prevalence is not clear as the entity of SIBO is 
largely unsuspected and underdiagnosed. In most situations 
an alternate diagnosis is considered to be the explanation for 
the patient’s manifestations. Ranges for SIBO in studies vary 
considerably from as low as 2.5% to as high as 90% in older 
adults with lactose intolerance  [  7  ] . Bacterial overgrowth 
does not spare persons of any body weight, with high preva-
lence in morbid obesity as noted in a recent study  [  8  ] . Based 
on speci fi c risk factors in the individual, the prevalence of 
SIBO varies; its greater prevalence in older adults correlates 
well with age being a predisposition in association with the 
high frequency of comorbid disorders in the aged that are 
linked to SIBO.  

   Risk Factors and Predisposition to SIBO 

 Age predisposes to SIBO for several reasons. Older adults 
are more likely to have a decline in gastric acid due to gastric 
disease or use of acid neutralizing agents; we are in an era 
where the use of proton pump inhibitors ranges from estab-
lished indications to redundancy; immune dysfunction from 
disease or use of medications such as steroids is common in 
the older adult; disease processes (Tables  46.2  and  46.3 ) 
which predispose to bacterial overgrowth are common in the 
elderly  [  9  ] . When healthy aged were compared to physically 
disabled older adults, with measures of physical activity and 
food intake, interestingly, not a single SBBO positive subject 

was detected by hydrogen breath test in the healthy group, in 
contrast to a fourth of the disabled elderly being SBBO posi-
tive  [  10  ] . Comparing the physically disabled and healthy 
older group further, there is no signi fi cant infl uence of SBBO 
on rice absorption  [  11  ] .   

 Intestinal stasis irrespective of cause is a predisposition; 
stasis results from strictures, adhesions, blind loops, postop-
erative states (including Billroth II, gastric bypass surgery), 
 fi stulae, in fl ammatory bowel disease (Crohn’s disease), 
diverticular disease of the small bowel, and motility disorders 
such as scleroderma and autonomic neuropathy of diabetes 
or Parkinson’s disease. “Short bowel” syndrome allows tran-
sit of chime and undigested food, a substrate for bacterial 
growth. Type 1 diabetics with autonomic neuropathy have a 
higher prevalence of SIBO; further, SIBO positive diabetics 
also require higher daily insulin doses  [  12  ] . SIBO occurs 
more frequently is systemic sclerosis, present in 30 of 54 
patients in a study; eradication of bacteria improved clinical 
features; orocecal transit time was slower in those with scle-
roderma (vs. controls), suggesting impaired motility as a 
basis for SIBO  [  13  ] . Gastroparetics with abdominal pain and 
bloating have a high likelihood of SIBO; in fact, 60% may 
have SIBO with pareisis of 5 years duration, irrespective of 
gender or etiology of paresis  [  14  ] . Gastropareisis is well 
known to occur in longstanding diabetics, but does not result 
solely from aging. 

   Table 46.1    Microbiota in the human gastrointestinal tract  [  4–  6  ]    

 Location  Bacterial counts  Type of bacteria 

 Oral cavity  High bacterial counts  Over 200 species. 
 Streptococcus, Actinomyces, 
Fusospirochetes, Neisseria, 
Lactobacillus, Veilonella  

 Stomach  Below 10 3  CFU/mL   Helicobacter pylori , acid-
tolerant lactobacilli 

 Duodenum  Below 10 4  CFU/mL  Lactobacilli, enterocci, 
anerobes both gram positive 
and facultative 

 Jejunum  Sterile to below 
10 4  CFU/mL 

 Lactobacilli, enterococci, 
anerobes both gram positive 
and facultative 

 Ileum  Low counts increase 
to10 5 – 8  CFU/mL 

 Distal ileum shows marked 
increase in anerobes and 
coliforms 

 Colon  Over 10 12 /content. 
Huge numbers, 
comprise half the 
fecal mass 

 Over 500 species, 99% are 
anerobes.  Bacteroides , 
 Enterobacter, Clostridium, 
Enterococcus, Lactobacillus, 
Fusobacterium, Staphylococcus  

   Table 46.2    SIBO: risk factors and predisposition   

 Aging is a predisposing factor 
 Disease states predisposing to SIBO 

 Gastroparesis and achlorhydria, if long standing 
 Stasis, any cause: blind loops, gastrocolic or enterocolic  fi stulae, 
stricture 
 Short bowel syndrome (e.g., ileocolic or jejunocolic anastamoses) 
 Postoperative: Billroth II, gastric bypass and other bariatric surgical 
procedures 
 Diverticular disease of duodenum or jejunum 
 Diabetes mellitus, Parkinson’s disease (autonomic neuropathy) 
 Celiac disease 
 Crohn’s disease 
 Scleroderma 
 Irritable bowel syndrome 
 Radiation enteritis 
 Cirrhosis liver and nonalcoholic steatohepatitis 
 Cancer of pancreas 
 Chronic pancreatitis 
 Chronic renal failure 
 Rheumatoid arthritis 
 Immune suppressed states 

 Medications and SIBO: bene fi cial or worsen 
 Use of immunosuppressive agents, a predisposition 
 Long-term use of PPIs, a predisposition 
 Warfarin requirements increase, because of vitamin K1 absorption 
 Antibiotics produce temporary relief in manifestations 
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 Immune de fi cient states are common with age. Although 
age is associated with blunting of immune function, it is more 
likely that SIBO results from disease processes or immune 
suppressed states resulting from the medications used to treat 
disease. The presence of SIBO has been noted in pancreatic 
cancer treated with chemotherapy; the patient improved 
dramatically following administration of antibiotics  [  15  ].  

 In senior resident sites at Germany, SBBO was prevalent 
(by hydrogen breath test) in 15.6% of older adults compared 

to the 5.9% in the below 59 age group; those with SBBO 
consumed much less  fi ber and B vitamins, and manifested 
reduced body weight  [  16  ] . 

 The relationship of SIBO with irritable bowel syndrome 
(IBS) deserves mention, for consideration as an association and 
in differential diagnosis. SIBO is present in a sizable propor-
tion of patients with IBS, with older age and female gender 
predictors of SIBO  [  17  ] . The symptoms of constipation, diar-
rhea, and alternating patterns in IBS may be due to fermenta-
tion of methane in the gut and slow transit time causing 
constipation  [  18  ] . On the other hand, a large meta-analysis con-
cluded that the prevalence of SIBO in IBS varied with criteria 
used to de fi ne a positive test, and was highest with breath test-
ing  [  19  ] . SIBO is more likely to be present in diarrhea domi-
nant IBS compared to the constipation dominant IBS  [  20  ] . 

 Medication use has been associated with SIBO. The use 
of immunosuppressive agents has received attention. Often, 
PPI use meant to be short term, not uncommonly becomes 
long term in the treatment of gastroesophageal re fl ux disease 
(GERD) or nonerosive re fl ux disease (NERD); PPI therapy 
for 3 years in GERD was associated with SIBO in 50% of 
cases; this was eradicated by use of rifaximin in the majority 
who continued PPI therapy  [  21  ] . The  fi ndings prompt PPI 
use for a shorter term, or as step-down, or as on demand 
therapy. Interestingly, SIBO increases warfarin dose require-
ments through an increase in the dietary vitamin K1 absorp-
tion through damaged intestinal mucosa, rather than by 
increased intestinal vitamin K2 biosynthesis  [  22  ] . 

 While the association of SIBO with cirrhosis of the liver 
is recognized, the pathophysiology is not clear  [  23  ] . SIBO 
has been associated with and implicated in the pathogenesis 
of nonalcoholic steatohepatits. As many as half the patients 
with celiac disease may have SIBO  [  24  ] . Chronic exocrine 
disorders of the pancreas have been linked to SIBO. Finally, 
it is likely that more than one predisposing factor may be 
present in an individual with SIBO.  

   Manifestations 

 Presentations in SIBO vary from the asymptomatic, presence 
of only nutrient de fi ciencies and the extreme of weight loss 
with failure to thrive. Classic manifestations include anorexia, 
bloating or  fl atulence, abdominal discomfort, pain, and diar-
rhea. Complaints in the old may not be typical and may even 
resemble gradual deterioration in health attributed falsely to 
aging; the patient may report improvement in the abdominal 
complaints following a recent antibiotic course prescribed 
for a respiratory or urinary infection. 

 Bacterial overgrowth leads to carbohydrate malabsorp-
tion by decreasing the disaccharidase enzymes in the brush 
border of the villi. Protein malabsorption, though not often 
clinically overt, is caused by decreased absorption of amino 

   Table 46.3    Studies on SIBO    

 Symptomatic elders  [  9  ]  
 168 Patients, teaching hospital, UK 
 Median age 65, 106 females 
 Positive glucose breath test correlated with increasing age, low 
serum albumin, low serum B12, partial gastrectomy or right 
hemicolectomy, small bowel diverticulae and PPI use 

 Healthy vs. disabled adults  [  10  ]  
 Physical Fitness and Sports University Center, Japan 
 41 Healthy, mean age 74.6 years, vs. 42 disabled, mean age 78.8 
years 
 SIBO not seen in healthy old, but present in 25% of disabled; 
no difference in food intake 

 Rice ingestion  [  11  ]  
 Physical Fitness and Sports University Center, Japan 
 15 disabled older adults, vs. 11 healthy older adults 
 5 of 15 disabled had SBBO; rice malabsorption seen in 1 of 11 
healthy and 2 of 14 disabled, not signi fi cant 
 SBBO has no in fl uence on rice absorption 

 Diabetics and autonomic neuropathy  [  12  ]  
 25 type I diabetics with normal autonomic tests vs. 25 type 1 
diabetics with abnormal autonomic function 
 2 of 25 with normal autonomic had SIBO vs. 11 of 25 with 
abnormal autonomic function 
 Diabetics with autonomic dysfunction require more insulin 

 Nutrition  [  16  ]  
 Eight senior resident sites, Germany 
 294 subjects >61 years compared to ages 24–59 
 SIBO 15.6% in 61+ years vs. 5.9% in 24–59 years 
 SIBO associated with lower  fi ber, folic acid, B2 and B6 intake and 
weight loss 

 IBS and SIBO  [  18  ]  
 Medline and EMBASE search; Universities in the USA, Canada 
 1,921 subjects who met criteria for IBS 
 Pooled prevalence of +ve lactulose or glucose hydrogen breath 
test, and positive jejuna aspirate and culture 
 Pooled odds for +ve test for SIBO was 3.45 vs. prokinetic drugs 
may be bene fi cial in conditions such as scleroderma. Search controls 

 Cirrhosis liver and association  [  23  ]  
 40 patients with cirrhosis, Germany 
 Culture of jejuna aspirates provided diagnosis in 73# 
 Glucose breath hydrogen test sensitivity 27–52%, speci fi city 
36–80% 

 Bone mineral density  [  26  ]  
 Physical Fitness and Sports University Center, Japan 
 33 disabled older adults vs. 17 healthy older adults 
  Z  scores were not statistically different in the groups 
 approximately 80 years old 
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acids and peptides probably secondary to mucosal damage. 
Steatorrhea, the major manifestation of SIBO, results from a 
decrease in primary bile acids which are deconjugated by the 
bacteria. Malabsorption of fat and fat-soluble vitamins results 
from bile acid de fi ciency. After lipolysis by pancreatic lipase 
and bicarbonate, the products of lipolysis normally undergo 
micelle formation in the presence of adequate bile acids. 
In SIBO, the concentration of bile acids (referred to as 
“crtical micellar concentration”) in the jejunal lumen 
declines, with resultant steatorrhea. 

 De fi ciencies of vitamins A, D, and E occur, while vitamin 
K de fi ciency is rare because of production of vitamin K by 
intestinal bacteria. While intestinal bacteria compete with 
the host and consume vitamin B12 resulting in low blood 
B12 levels, they synthesize folate, resulting in the unusual 
combination of low blood B12 levels but elevated folate  [  1  ] . 

 The features of the predisposing condition such as sys-
temic sclerosis or diabetes may be evident; on the other hand 
nutrient de fi ciencies (e.g., vitamin D or B12, calcium or iron) 
may be the basis for symptoms or signs unique to the nutri-
ent. Lactose intolerance is common and may contribute to 
diarrhea. 

 While the differential diagnosis of SIBO includes several 
disorders, coexisting irritable colon may provide dilemmas 
in diagnosis or treatment. When diarrhea is of short duration, 
an infectious cause or an adverse drug effect may be the eti-
ology in any age group; following their exclusion, differen-
tial diagnosis includes malabsorption of any etiology; SIBO 
and anatomic abnormalities predisposing to SIBO must be 
considered in any unexplained weight loss with or without 
malnutrition  [  25  ] . 

 Studies demonstrate that malabsorption of rice does not 
necessarily occur in SIBO  [  11  ]  nor is the bone mineral den-
sity affected  [  26  ] ; these studies were from one center and 
compared small groups of healthy and disabled older adults.  

   Diagnosis 

 The gold standard with regard to diagnosis for SIBO remains 
poorly de fi ned  [  3  ] . Although duodenal or jejunal aspirates 
and a variety of breath tests are available, they suffer varia-
tions in their performance and interpretation, leading to 
differing prevalence data for bacterial overgrowth  [  3  ] . There 
is also a lack of consensus with regard to optimal diagnostic 
criteria (“gold standard”) for diagnosis of bacterial over-
growth  [  27  ] . 

 The gold standard, though technically dif fi cult, is culture 
of the upper small bowel aspirate which normally reveals 
concentrations of bacteria below 10 4  CFU/mL; concentra-
tions of duodenal aspirate over 10 5  CFU/mL are diagnostic; 
similarity to colonic bacteria is even more con fi rmatory of 
SIBO. This method is time-consuming, invasive, and costly. 

 Breath tests vary, including in their sensitivity and are 
in fl uenced by patient factors (capacity to produce methane 
and hydrogen), and life style (diet and smoking). Breath tests 
provide a noninvasive in vivo means to assess bacterial 
enzyme activities, organ functions, and transport processes 
 [  27–  29  ] . The glucose hydrogen breath test is widely used; 
other tests are  14 C-glycocholic acid (produces  14 C-glycine) 
and  13 C-glycine hydrolase breath tests  [  28,   29  ] . Hydrogen 
breath tests assess carbohydrate malassimilation in SIBO, 
besides measuring orocecal transit time which is useful in 
diagnosis of motility disorders of the small intestine;  glycine 
breath tests measure CO 

2
  in breath and substrate metabolism 

to assess gastric bacterial activity with  Helicobacter pylori  
infection  [  28  ] ; the test lacks sensitivity as some bacterial 
species lack cholylglycine hydrolase required to deconjugate 
glycine. The  14 C and  13 C-xylose breath tests involve radiation 
and measure labeled CO 

2
  in expired air. Xylose is a sugar 

that is absorbed without metabolism in the intestine. 
 The hydrogen breath test is safe and easy to perform in 

2–3 h in the outpatient setting; it evaluates carbohydrate mal-
absorption. Breath samples analyze hydrogen concentration 
at baseline and every 30 min for 2 h; an earlier-than-expected 
rise of 20 parts per million (ppm) in breath over baseline at 
approximately 90 min is diagnostic of SIBO. The test is non-
radioactive and has reasonable sensitivity and speci fi city, 
more so than the methane breath test. In the human, hydro-
gen and methane are produced in the large intestine only, but 
also in the small intestine in SIBO. Most of the hydrogen and 
methane is expelled by  fl atus and the rest in the breath  [  2  ] . In 
SIBO, the early increase in breath hydrogen within 90 min is 
due to metabolism by bacteria in small bowel. Glucose and 
lactulose are the sugars utilized for the test; lactulose is nor-
mally metabolized in the colon, giving it a peak hydrogen 
release in 3 h; but in SIBO, bacteria metabolize lactulose in 
the small bowel with hydrogen release in 90 min or less. Gut 
 fl ora of some individuals produce methane and not hydro-
gen, while not all individuals produce methane; hence, it is 
better to measure both gases  [  1,   2  ] . 

 In patients with cirrhosis, microbiological cultures of 
jejunal secretions are better for diagnosis than the glucose 
breath hydrogen test which correlates poorly with the gold 
standard for SIBO  [  23  ] . 

 Duodenal biopsies in patients with SIBO con fi rmed by 
cultures and CFU counts demonstrate villous blunting as the 
only histopathology common to SIBO, compared to controls; 
as over half the biopsies in SIBO are unremarkable, one must 
consider SIBO as the explanation for GI manifestations even 
with normal duodenal biopsies  [  30  ] . 

 Older adults tolerate the breath tests well; for reliable test-
ing, the patient should not ingest high- fi ber or carbohydrate-
rich foods for a day prior to the test. Antibiotics in the recent 
past may negatively impact on the testing as the bacterial 
counts fall to low levels  [  1  ] . 
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 A test that once enjoyed popularity in the evaluation of 
patients with steatorrhea is the D-Xylose test; D-Xylose 
(normally not metabolized in the gut) excretion in the urine 
is marginally reduced because the sugar is consumed by the 
bacteria. 

 Additional tests to evaluate anemia or nutrient de fi ciencies 
and their cause may be warranted; fecal fat collection help 
con fi rm steatorrhea; radiological tests may help diagnose 
anatomic abnormalities such as diverticulae or  fi stulae.  

   Management 

 Treatment is supported by scant evidence, with most com-
monly used antibiotic regimens based on custom than from 
data derived from clinical trials  [  3  ] . Management of SIBO 
remains in large part primarily empiric, comprising antibi-
otic therapy and correction of nutritional de fi ciencies  [  31  ] . 
Nutritional support is essential to correct malnutrition. 

 The impact of probiotic yogurt administration for 4 weeks 
was studied in healthy older community subjects; normaliza-
tion of the various cytokine responses and modulation of 
activation markers in blood phagocytes became more appar-
ent in the group with positive breath test  [  32  ] . Although pro-
biotics have been ascribed barrier-enhancing, antibacterial, 
and immune-modulator roles, their role in SIBO in humans 
requires further study  [  32  ] . 

 Prokinetic drugs may be bene fi cial in motility disorders, 
such as scleroderma. Examples of these agents include oct-
reotide, cisapride (withdrawn in the USA due to cardiac 
arrhythmias), metoclopramide, domperidone, and erythro-
mycin; data is limited over their long-term ef fi cacy. 

 Broad-spectrum antibiotics are the mainstay to help reduce 
bacterial overgrowth. Empirical use is often resorted to, with-
out common agreement on choice. Quinolones such as 
nor fl oxacin (800 mg/day), cipro fl oxacin (1,000 mg/day), 
amoxicillin/cavulinic acid (1,500 mg/day), metronidazole 
(750 mg/day), and tetracycline (1,000 mg/day) are options. 
More recently, rifaximin (600–1,200 mg/day), a nonsystemic, 
nonabsorbable antibiotic, has gained favor. The duration of 
therapy is about a week, though the initial course may be for 
2 weeks, and repeated as required; improvement in manifes-
tations is usually evident within days of therapy. Rotation of 
antibiotics may minimize resistance. The combination of 
rifampin with partially hydrolyzed guar gum appears more 
effective than rifampin alone in eradicating SIBO  [  33  ] . 

 Recurrence after successful antibiotic therapy as shown by 
glucose breath test was 12.6, 27.5, and 43% and after 3, 6, and 
9 months, respectively; recurrence was positively in fl uenced 
by older age, prior appendectomy, and chronic use of PPIs 
 [  34  ] . Long-term use of antibiotic therapy is associated with 

its own problems: resistance, costs, and  Clostridium dif fi cile  
infection 

 Addressing the predisposing factors for SIBO would be 
ideal, but is not always practical. Conditions amenable for 
surgical correction include mechanical causes such as stric-
tures, blind loops, or  fi stulae.  

   Special Considerations in the Elderly 

 As older adults high have a high prevalence for malnutrition 
and tend to suffer from chronic disorders, SIBO as the 
possible explanation is often lost in the myriad of alternate 
diagnostic possibilities. In any cause of malnutrition or 
weight loss that is not fully explained, it may be worthwhile 
entertaining and excluding the diagnosis of SIBO. Treatment 
not only has the potential to improve patient’s well-being 
and quality of life but also avoids unnecessary costs and 
treatment for alternate erroneous diagnoses. Further, it is the 
geriatric age population that carries the background to 
develop unwanted gut bacterial overgrowth; they are the 
group subjected to courses of antibiotics, at times with ques-
tionable indications. The long-term use of PPIs is another 
area that continues to demonstrate a relationship to increased 
incidence of bacterial overgrowth  [  35  ] , in fact suggesting the 
need to consider a step down or on-demand PPI therapy for 
an entirely different disorder, GERD  [  36  ] . Recent data sug-
gest that SIBO and irritable bowel syndrome are common in 
chronic prostatitis (a disorder common in the old); and that 
patients with chronic prostatitis and SIBO may benefi t from 
rifaximin therapy  [  37  ] . 

  Key Points 

    SIBO is an underrecognized cause of malabsorption in • 
the geriatric population, commonly mistaken for other 
disorders.  
  Age is a predisposing factor; however, additional comor-• 
bidity such as diabetes, systemic sclerosis, and stasis syn-
dromes such as blind loops, diverticulae, and  fi stulae are 
more likely to be contributory.  
  Medications that affect immune function and excessive • 
use of PPIs are recognized causes.  
  Diagnosis is based on linking manifestations to causative • 
factors, utilizing duodenal or jejunal aspirate cultures, and 
breath tests.  
  Management typically involves a short course of antibiot-• 
ics; the use of probiotics needs further study.  
  Recurrences follow months following antibiotic therapy, • 
hastened and in fl uenced by predisposing factors.          
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            Introduction 

 A study of over 7,500 patients from the United Kingdom 
suggests that peptic ulcer disease (PUD) today affects pre-
dominantly an older age group. Patients with gastric ulcer 
are older than those with duodenal ulcer and the age group 
with PUD is higher than in earlier years. Hemorrhage appears 
to be the main complication. Patients respond well to acid-
neutralizing therapy and the need for elective surgery has 
declined markedly  [  1  ] . The prevalence of PUD is on the 
increase in the geriatric population due to the use of non-
steroidal anti-in fl ammatory drugs (NSAIDS), the prevalence 
of  Helicobacter pylori  infection coupled with increasing life 
expectancy. In the United Kingdom, gastrointestinal disor-
ders are the third most common for patients over age 65 to 
seek primary health care; 40% of these consultations relate 
to the upper gastrointestinal tract  [  2  ] . The discussion focuses 
on the implications of PUD in the context of older adults.  

   Pathophysiology 

 Peptic ulcer results when the caustic effects of acid and pepsin 
in the gastrointestinal tract overwhelm the ability of the 
mucosa to resist those effects. Defensive elements that prevent 
or minimize damage to the gastroduodenal mucosa include 
preepithelial, epithelial, and subepithelial factors  [  3,   4  ] . 

 Preepithelial factors include the mucus/bicarbonate bar-
rier, mucoid cap, and surface active phospholipids. They 
impede contact between epithelial cells and noxious agents 
in the gastrointestinal lumen. When acid and pepsin breach 
the preepithelial defenses, other defense factors mitigate 
against acid/peptic injury. These epithelial defense mecha-

nisms include acid-base transporters, release of growth 
 factors, cellular resistance, and restitution factors, all of 
which facilitate prompt reconstitution of surface epithelium. 
The subepithelial factors comprise mucosal blood  fl ow. 

 Gastric acid secretion levels are preserved with aging; 
however, the mucosal protective mechanisms such as prosta-
glandins become impaired by the aging process.  

   Etiology 

  H. pylori  infection and NSAIDs constitute the common 
causes of peptic ulcer in the older adults  [  2  ] ; the two may 
have a synergic    effect. Less prominent risk factors include 
smoking and bisphosphonate use; the role of stress, diet, and 
alcohol is unclear. 

    H. pylori  

  H. pylori  infection is present in 90–100% of patients with 
duodenal ulcer and 60–90% of those with gastric ulcer  [  5  ] . 
The prevalence of  H. pylori  increases with age in developed 
nations, while childhood  H. pylori  infection is common in 
developing nations. The prevalence of infection at 60 years is 
50%, at which age it then plateaus  [  6  ] . Immigrants from the 
developing world have a high rate of infection and many 
have a high rate of not only  H. pylori  infection but resistant 
infection to the standard treatment of two antibiotics and 
high-dose proton pump inhibitors (PPIs) as a 7-day course. 

  H. pylori  infection causes a chronic antral gastritis which 
may progress to intestinal metaplasia and atrophic gastritis, risk 
factors for stomach cancer and likely to increase with advanc-
ing age. In a study Pilotto et al.  [  7  ]  found a signi fi cant reduction 
in the prevalence of chronic gastritis in patients treated for 
 H. pylori  and in whom the infection was successfully eradi-
cated. Thus eradication of  H. pylori  may reduce gastric atrophy 
and intestinal metaplasia independently of age. Based on their 
 fi ndings, it may be best to eradicate  H. pylori  in the elderly.  

      Peptic Ulcer       

     Isidor   Segal          
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   Nonsteroidal Anti-in fl ammatory Drugs 

 NSAIDs are an important risk factor for PUD, and especially 
associated with prepyloric ulcers. The use of NSAIDs 
increases signi fi cantly in those over age 60 years. In one 
study  [  4  ]  NSAIDs were used by a third of patients over age 
of 65. Worldwide, perhaps 30 million people use NSAIDS 
on a daily basis  [  6  ] . Ingestion of aspirin and NSAIDS 
increases both the incidence and complications of ulcers. 
Interestingly, eradication of  H. pylori  before NSAID therapy 
reduces the occurrence of NSAID-induced peptic ulcers. 

 The pathogenesis of gastrointestinal injury from NSAID 
use is due primarily to the inhibition of prostaglandin synthe-
sis in the gastric mucosa by NSAIDs. Prostaglandins protect 
the gastric mucosa by inhibiting gastric acid secretion, increas-
ing mucosal blood  fl ow, and promoting bicarbonate and 
mucus secretion. Inhibition of prostaglandin production ren-
ders the gastric mucosa vulnerable to injury from gastric acid, 
pepsin, and bile salts, leading to mucosal damage and ulcer-
ation. In the elderly, mucosal prostaglandin production may 
be decreased compared to younger patients  [  6  ] . Celecoxib, a 
cyclo-oxygenase-2 (COX-2) inhibitor, is believed to be asso-
ciated with less gastrointestinal toxicity than traditional 
NSAIDs. Further, even low-dose aspirin, another risk factor, 
will nullify the safety pro fi le of COX-2 inhibitors. 

 The evidence for peptic ulcer resulting from sole use of 
glucocorticoids is not strong; however in combination with 
NSAIDs the risk is higher than that for NSAIDs alone. 

 Cigarette smoking plays a role in the development of 
ulcers and their complications. Smoking causes delay in 
healing; there is also a correlation with likelihood of recur-
rence and the number of cigarettes smoked daily. A link to 
alcohol consumption is not clear, although alcohol has 
effects on acid secretion and gastric mucosa. A recent study 
revealed that a signi fi cant increased risk of gastrointestinal 
ulcer history is associated with older age, African-
Americans, current and past smokers, former alcohol use, 
obesity, chronic obstructive lung disease, chronic kidney 
disease, coronary heart disease, and three or more doctor 
visits per year  [  8  ] .   

   Clinical Features 

 The cardinal clinical features of peptic ulcer are epigastric 
pain, usually burning and nonradiating, occurring 1–3 h after 
a meal in gastric ulcer, while it may be relieved in duodenal 
ulcer. The pain often awakens the patient at night and is 
relieved by food or antacids. These classic symptoms are 
often absent in the elderly who may present in an atypical 
fashion; the symptoms may be nonspeci fi c and non-localizing. 
Indeed the index manifestation may be a complication of 
PUD such as hemorrhage or perforation. Ulcer locations are 

most in the corpus and the pre-pyloric area, and ulcers are 
larger in the aged. In NSAID users, more often women, 
ulcers may be painless, associated with severe iron-de fi ciency 
anemia and bleeding, overt or occult. Overt bleeding is asso-
ciated with high mortality. 

 Clinical features associated with peritonitis such as fever 
and leucocytosis may not be prominent or may be even 
absent in the elderly. Comorbid states such as dementia may 
make the diagnosis more dif fi cult. The presence of coexist-
ing myocardial, pulmonary, renal disease and diabetes mel-
litus is common. 

 Aside from the above, older adults who present with epi-
gastric pain or discomfort should receive consideration for 
other extra-abdominal conditions such as a manifestation of 
coronary artery disease. It is essential that one does not miss 
a serious cardiac disorder in the quest for PUD. Overall diag-
nosis of peptic ulcer in the elderly differs from peptic ulcer 
in the younger age group. The atypical presentations empha-
size the importance of obtaining a drug history, from the 
patient or a caregiver. 

 Gastrointestinal bleeding may be the presentation in the 
older age group; hematemesis is the manifestation in 50%, 
compared to a combination of hematemesis and melena in 
20%  [  9  ] . Antecedent dyspepsia expected in younger patients 
may be absent in the older group. The patient may fail to dif-
ferentiate hemoptysis from hematemesis. Unexplained syn-
cope may be the manifestation of gastrointestinal bleeding in 
the elderly  [  9  ]  and as such a decline in hemoglobin should 
raise a concern. Older adults with gastrointestinal bleeding 
are more likely to die during hospitalization compared to 
younger adults  [  10  ]  and have a higher mortality rate even 
after hospital discharge. Factors predictive of poor outcome 
in PUD include older age, large transfusion requirements, 
and presence of comorbid illness. 

 Bleeding from PUD is a dramatic event with high mortal-
ity and cost in the aged; risk increases over age 65 and still 
more over 75 years. No anti-in fl ammatory drugs including 
selective COX-2    agents are completely safe; low-dose aspi-
rin and even clopidogrel are associated with bleeding and 
mortality. Aspirin and other NSAIDs when used with clopi-
dogrel in patients with prior coronary artery disease are more 
likely to have bleeding complications. Switching to COX-2 
inhibitors following a bleed may not assure safety and con-
comitant PPI therapy is recommended  [  11  ] . 

 Giant gastric ulcers (de fi ned as size larger than 3 cm) are 
seen often in older patients; the course is aggressive and 
may manifest with bleeding, anorexia, and weight loss and 
emergency hospitalization. They are more likely to be 
located in the body of the stomach and may look malignant 
 [  12  ] , but only a small number are cancerous. While there is 
a good response to acid-neutralizing agents, there is a ten-
dency to recur. The condition may be a marker of poor 
health.  
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   Complications 

 The most common complication of peptic ulcer in the elderly 
is hemorrhage followed by perforation, both more frequent 
than in the young. The complication rate of PUD in the over-
70-year group is nearly 50% with a higher mortality rate than 
in the young  [  6  ] . Bleeding and perforation are associated with 
a mortality rate of 30% in those over age 65  [  6  ] . The reasons 
for high mortality are increased occurrence of atypical pre-
sentation, delay in diagnosis, and presence of comorbidity. 

 Perforated peptic ulcer may present atypically in that 
symptoms may be nonspeci fi c and non-localizing. A high 
degree of clinical suspicion is necessary. A rigid abdomen 
may not be evident. The patient may manifest delirium (acute 
confusional state) and shock may be evident. An X-ray of the 
abdomen or a CT scan may reveal air under the diagram; 
surgery may be immediately required. 

 Gastric outlet obstruction may be a rarer complication 
and the result of scarring or in fl ammation from an ulcer; 
manifestations include weight loss, vomiting, and early full-
ness following meals.  

   Diagnosis 

 In view of the atypical presentations, PUD with or without 
complications must be part of the differential diagnosis in 
the elderly presenting with vague abdominal pain associated 
with abnormal laboratory parameters. The gold standard for 
diagnosing gastric and duodenal ulcers is endoscopy. Double-
contrast radiology should be performed only if there are 
absolute contraindications to endoscopy. Radiological test-
ing is associated with higher false negative rate compared to 
endoscopy  [  6  ] . Endoscopy is safe in the elderly but aware-
ness of the presence of comorbid disease such as coronary 
artery disease and a detailed drug history are essential. In a 
study of early vs. late endoscopy in 2,592 patients 66 years 
or older, with bleeding peptic ulcer, early endoscopy appears 
associated with increased ef fi ciency of care, lower rates of 
surgery, and better control of hemorrhage; in the absence of 
contraindications, early endoscopy is recommended  [  13  ] . 
Testing for  H. pylori  and its eradication is essential. 

 The presence of multiple ulcers, atypical locations, and 
diarrhea should call for a measure of gastrin levels and con-
sideration for Zollinger–Ellison syndrome.  

   Treatment 

 Treatment of peptic ulcer includes an overall comprehensive 
geriatric assessment that ensures multidimensional evaluation 
addressing etiology, risk factors, comorbidity, and the out-

come  [  14  ] . Smoking should be stopped, as also alcohol 
 consumption; the link to dietary alterations is not convincing. 

 PPI-based triple therapy for 7 days is highly effective for 
 H. pylori -positive ulcers and to reduce ulcer recurrence. 
Anti-secretory drugs are also the treatment for NSAID- or 
aspirin-induced ulcers and to prevent ulcers in many older 
adults who must be on NSAIDs  [  14  ] . The drugs are well tol-
erated by older adults, but there is a need to be aware of the 
many side effects associated with long-term PPI therapy. 
Adverse effects with long term PPI therapy include malab-
sorption of iron and B12, increased predisposition to 
Clostridium diffi cile colitis, acute interstitial nephritis, bac-
terial overgrowth, hip fractures and more  [  15  ] . Eradication of 
 H. pylori  is superior to PPI maintenance therapy in treat-
ment; the recurrence is higher if acid suppression alone is 
used. Eradication of  H. pylori  is also relevant as a long-term 
prevention strategy for cancer. Yet, healing takes longer in 
the aged compared to the young; a theory to explain the 
delayed healing is the circulatory incompetence to gastric 
mucosa from arteriosclerosis in the aged. 

   Gastrointestinal Bleeding 

 A multidisciplinary approach is appropriate in the manage-
ment of gastrointestinal bleeding; admission to the intensive 
care unit may be a consideration. Initially resuscitation 
should ensure an adequate airway, volume restoration, naso-
gastric tube, and use of high-dose PPIs. Of interest is the 
fact, that long term antiplatelet therapy is known to be asso-
ciated with peptic ulcer bleeding; this risk can be lowerer by 
eradication of H. pylori infection  [  16  ] . Management of bleed-
ing is discussed in chapter 36.  

   Perforated Peptic Ulcer 

 The diagnosis is often delayed because of a paucity of 
classic clinical signs. Age and NSAID use are associated 
with perforation and a higher mortality rate. A more lib-
eral use of radiological testing during early hospital stay is 
suggested. Perforated peptic ulcer  [  8  ]  is associated with 
complications and mortality. Surgical approach to compli-
cations such as perforation has not changed despite the use 
of PPIs in treatment of PUD. The preferred surgical treat-
ment is still simple closure, accompanied by treatment to 
eradicate  H. pylori . A recent study  [  10  ]  showed that 
increased patient age and therapeutic delay predicted out-
come following surgical treatment of perforated ulcer. 
Morbidity and mortality can be reduced by earlier diagno-
sis and treatment, especially in the old, and by addressing 
treatment for coexisting medical  illness, especially for 
perforated gastric ulcer  [  17  ] .  
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   Current Thoughts 

 Recently quadruple therapy includes two options: option one 
includes PPI and three antimicrobials (amoxicillin, metronida-
zole/tinidazole, and clarithromycin), and option two includes 
PPI, bismuth, tetracycline, and metronidazole. Standard triple 
therapy (PPI, amoxicillin, and clarithromycin) is better avoided 
owing to increasing resistance to this treatment  [  18  ] . Following 
bleeding, patients with cardiovascular disease requiring aspi-
rin should restart within 7 days and ideally 1–3 days along with 
PPI  [  19  ] . 

  Key Points 

    Peptic ulcer is a disease today of an increasingly older • 
population, with gastric ulcer patients likely to be older 
than those with duodenal ulcer.  
  PUD in older adults may present atypically, or with the • 
absence of pain, especially in those where the ulcer is 
associated with NSAID use.  
  The most common etiological factors are  • H. pylori  infec-
tion and NSAID use.  
  The prognosis of PUD is poorer when associated with • 
NSAID use due to associated anemia and other organ dys-
function related to NSAID use.  
  Free perforation of peptic ulcer is more common in smok-• 
ers and in the elderly.           
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   Irritable Bowel Syndrome 

   Epidemiology of IBS and Related Symptoms 
in the Geriatric Age Group 

 Irritable bowel syndrome (IBS) is now recognized as a com-
mon disorder world-wide and, based on epidemiological 
studies largely derived from the “West”  [  1,   2  ] , the “typical” 
patient with IBS is commonly thought to be a young adult 
female. Certain aspects of this stereotype may be inaccurate. 
Firstly, while female predominance is the norm in IBS in 
Europe and North America  [  1–  3  ] , this may not be the case in 
Asia  [  4,   5  ]  and, secondly, IBS may not be the exclusive pre-
serve of young adults  [  3  ] . Indeed, in a population survey per-
formed almost 20 years ago the prevalence of IBS in a 
community population aged between 65 and 93 was esti-
mated at 11% (using Manning criteria)  [  6  ] ; a rate not dis-
similar from that reported among a younger age group in the 
very same population using identical diagnostic criteria  [  7  ] . 
Furthermore, the prevalence rates for individual symptoms 
which may comprise IBS, frequent abdominal pain, chronic 
diarrhea and chronic constipation were even higher at 24%, 
14% and 24%, respectively  [  2  ] . In a study among 70-year-
old Danes, the prevalence of IBS ranged from 0 to 18% and 
from 4 to 32% among males and females, respectively, 
depending on IBS de fi nition  [  8  ] ; in the same population the 
prevalence of “important” abdominal pain was 11% among 
men and 19% among women  [  9  ] . 

 There seems little doubt, therefore, that, not only does IBS 
occur in older adults, but also it is common in the geriatric 
age groups. Indeed, a systematic review of IBS epidemiology 
in North America concluded that there was little evidence for 

any signi fi cant age-related variation in IBS prevalence in 
North America  [  3  ] . In Asia, while there is some suggestion 
that IBS may be less common among those over 50 years of 
age, it is by no means rare in this age group  [  10  ] . Given the 
longevity of the Japanese population, studies from that coun-
try are of particular interest. Indeed, two out-patient studies 
from Japan reported a second peak in IBS prevalence in the 
elderly (the other peak was among adolescents in one study 
and among those aged 30–40 in the second)  [  11,   12  ] . The 
suggestion that there may be a fall-off in prevalence in IBS 
among the old was also evident in two community surveys, 
one from North America  [  13  ]  and one from Western Europe 
 [  14  ] . IBS prevalence peaked in the age group 35–44 in North 
America and among 18–34 year olds in Europe at 25–29% 
and 12%, respectively. In the same surveys, prevalence rates 
for those over 65 were 6–13% and 7%, respectively. One 
interesting observation in this study was that those over 55 
were about twice as likely to have medically diagnosed rather 
than undiagnosed IBS, whereas the reverse was true for those 
aged 18–34, suggesting, not surprisingly, that IBS-type 
symptoms may be more likely to trigger medical attendance 
and investigation among older subjects. In a study involving 
123 general practices in the UK (incorporating 1,500 primary 
care physicians), where the overall incidence rates for IBS in 
males and females were 1.9 and 5.7 per 1,000, respectively, a 
fall-off in the incidence of IBS was evident among both men 
and women over the age of 75  [  15  ] . 

 These epidemiological  fi ndings need to be treated with 
caution as there would appear to be a distinct reluctance to 
make the diagnosis of IBS in geriatric patients; in a survey in 
the U.K. of 230 patients aged 65–94, among whom 22% had 
symptoms suggestive of IBS, a diagnosis of IBS had only 
been made in one  [  16  ] ! What may be termed as IBS in a 
younger individual may well attract another label, such as 
“diverticular disease” in an older person. Good data on IBS 
prevalence in the geriatric population is awaited. 

 Once we get beyond these scanty and, perhaps, inaccu-
rate, prevalence  fi gures further details on the epidemiology 
of IBS in the elderly, mode of presentation, gender distribution 
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or bowel habits become even harder to come by. Data from 
other sources may help to  fi ll in the gaps. In particular, infor-
mation on age-related prevalence rates for symptoms that 
may either form a part of the IBS spectrum or be associated 
with IBS may help provide a picture of IBS-type symptoma-
tology in the elderly. 

 Though not a component of any de fi nition of IBS, fecal 
incontinence may be associated with and may complicate 
IBS. In separate studies, the prevalence of incontinence 
among women increased from the third to the sixth decade 
and stabilized thereafter at around 20%, a rate that was twice 
the overall age-adjusted prevalence in that population  [  17  ] . 
Given the known association between bowel disturbances, 
including IBS, and fecal incontinence  [  18–  20  ]  one would not 
be surprised to  fi nd a high rate of incontinence among older 
IBS subjects. Indeed, these  fi ndings would suggest that fecal 
incontinence may be a consequence of long-standing IBS. 

 Constipation is generally more common in older subjects 
 [  21,   22  ] , rising, in one large community study, from a preva-
lence rate of 9.2% to 14.5% and 20.6% among males aged 
under 50, between 50 and 70 and over 70 years of age, 
respectively. The corresponding values for females were 
18.3%, 18.6% and 25%, respectively, suggesting that gender 
differences in constipation prevalence tend to disappear with 
advancing years  [  23  ] . Constipation in older adults may be 
contributed to by multiple factors and is not an inevitable 
consequence of aging; an assessment of bowel habits in 
healthy subjects in Sweden found no evidence of any age-
related differences in stool frequency, defecatory symptoms 
or abdominal bloating  [  24  ] . 

 In contrast, bloating a very common symptom in IBS, in 
general, does not appear to demonstrate age-related varia-
tions in prevalence, at least in community subjects  [  25  ] .  

   Pathophysiology 

 There is little data on the pathophysiology of IBS or IBS-type 
symptoms in the old, as most studies have been performed in 
much younger patients. There is a suggestion that some changes 
occur in the colonic microbiota with age, with the numbers of 
 Bi fi dobacteria , in particular, decreasing with advancing years. 
It must be stressed, however, that such  fi ndings were based on 
what would now be regarded as inadequate methodologies and, 
as modern molecular approaches are applied to the colonic 
microbiota in the elderly, its true complexity is becoming 
exposed  [  26  ] . To what extent any age-related changes re fl ect 
the effects of diet, therapeutic interventions, comorbid disease, 
not to mind their relevance to IBS or other functional symp-
toms, has yet to be determined. 

 The evidence that other aspects of gastrointestinal function 
such as motility, sensation or the operation of the gut-brain axis 
that are relevant to IBS undergo age-related changes is weak; 

most studies that have invoked such changes have largely failed 
to account for the many comorbidities in this population  [  27  ] . 

 There is a suggestion that small intestinal bacterial 
overgrowth (SIBO) may play a role in the pathogenesis of 
IBS  [  28,   29  ] . Though this hypothesis has been criticized 
on a number of grounds in relation to IBS, in general  [  30–  34  ] , 
SIBO is more common among the elderly  [  35  ] , and there is 
evidence to suggest that SIBO may be more common 
among older IBS subjects  [  36  ] . Further studies critically 
examining the prevalence of SIBO in older subjects with 
IBS-type symptoms would be interesting.  

   Challenges in Diagnosis 

 There is a distinct paucity of information on the presenting 
features of IBS in the elderly. In a study of 46 patients aged 
65–94 with IBS compared to an age-matched non-IBS group, 
those with IBS were more likely to complain of lethargy, 
headaches, backache, chest pain and urinary frequency, sug-
gesting that comorbidities well documented in younger IBS 
sufferers  [  15,   37  ]  are also prevalent in the old  [  16  ] . 

 The real challenge for the clinician dealing with suspected 
IBS in any age group lies in the fact that there is, as yet, no 
validated biomarker for this disorder  [  38  ] . IBS, in essence, 
comprises an aggregation of common gastrointestinal symp-
toms (abdominal pain or discomfort, altered bowel habits, 
bloating and/or distension), which are individually quite non-
speci fi c but their occurrence in conjunction, in a recognizable 
and related pattern, facilitate a positive diagnosis. This led to 
the Rome criteria. Rome III de fi nes IBS as follows:

  Recurrent abdominal pain or discomfort (an uncomfortable 
sensation not described as pain) at least 3 days per month in the 
last 3 months associated with two or more of the following:
   1.    Improvement with defecation  
   2.    Onset associated with a change in frequency of stool  
   3.    Onset associated with a change in form (appearance) of stool     
 These criteria should have been ful fi lled for the last 3 months 
with symptom onset at least 6 months prior to diagnosis  [  39  ] .   

 It must be stressed that the genesis of the Rome approach lay 
in research and their role may be limited in clinical practice 
 [  40  ] . Traditionally, the diagnosis of IBS has been made through 
a process of exclusion; i.e., organic disorders that could cause 
some or all of the symptoms that comprise IBS are sought for 
and ruled out through tests of varying invasiveness. This is 
obviously a costly and potentially dangerous approach. The 
relevant questions are,  fi rstly, does a positive approach work 
and, secondly, do the criteria operate equally well to the 
elderly? The literature provides a reasonably robust response 
to the former but is virtually silent with respect to the latter 
question. Thus, there is a considerable body of literature to 
indicate that a clinical diagnosis of IBS made by one or other 
of the commonly applied criteria (Rome I, II or III, Manning) 
does have longitudinal integrity and is associated with a risk 
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for the “appearance” of new organic diagnoses which appears 
to be little different from that of control populations  [  41–  44  ] . 
It must be stressed that these criteria have not been validated 
for reliability in older patients. 

 Pending further study on diagnostic criteria in a geriatric 
population, the clinician will, understandably, adopt a more 
cautious approach to the assessment of an older individual 
with IBS-like symptoms. It stands to reason that new-onset 
symptoms in an older person deserve special scrutiny. As in 
the young, the longevity of symptoms may serve as one valu-
able indicator of the likelihood of an underlying organic 
cause for symptoms. Given increasing prevalence of colon 
cancer with advancing years and the recommendation for 
colon cancer screening to commence in average risk indi-
viduals at age 50, there would be no argument with the use of 
colonoscopy in this age group  [  45  ] . Similarly, though the 
value of “alarm signs” has been supported in IBS, in general 
 [  46  ] , the sensitivity and speci fi city of such symptoms as rec-
tal bleeding, weight loss or fever for predicting organic dis-
ease has not been formally tested in the elderly. 

 One of the nightmares that haunts the clinician in assess-
ing “the IBS patient” is, of course: “what could I be missing?” 
To address this question, some disorders that may occur at 
increased prevalence among the elderly will be discussed. 

   Depression 
 Depression is common in older adults, and may occur in 
association with disorders presenting with gastrointestinal 
manifestations, such as Parkinson’s disease and chronic ill-
nesses with prominent IBS-like symptomatology  [  47  ] . The 
interpretation of such presentations is complicated by the 
well-known comorbidity of IBS with depression and anxiety 
 [  48  ] ; both have, indeed, been associated, in IBS, with female 
gender and increasing age  [  49  ] . The other trap for the unaware 
is that depression in the elderly may present with predomi-
nantly somatic, including gastrointestinal, symptoms in the 
absence of any classical depressive features  [  50  ] .  

   Microscopic Colitis 
 Microscopic or lymphocytic colitis and the related disorder 
collagenous colitis are typically diagnosed in middle-aged to 
elderly females. While, super fi cially, there is the potential for 
confusion with diarrhea-predominant IBS, the predominance 
of watery diarrhea and the relatively mild nature of abdomi-
nal pain (if present) in the presenting symptomatology in the 
right demographic should alert the clinician and lead to the 
performance of colonoscopy with biopsies  [  51,   52  ] .  

   Diverticular Disease/Diverticulosis 
 Diverticular disease, once a “hot” topic has virtually disap-
peared from the medical literature despite its high prevalence 
and clinical signi fi cance. In England, for example, over half 
a million hospital admissions (mostly emergencies) for 
diverticular disease were recorded over a 10-year period up 

to 2006; the 30-day mortality was 5% and the 1-year mortal-
ity 15%  [  53  ] . More staggering is the estimate that as many as 
20% of those with diverticula (referred to as diverticulosis) 
will experience an in fl ammatory complication of the condi-
tion; when one realizes that as many as 60% of 70-year olds 
in the West harbor diverticula, the true prevalence of the con-
dition becomes evident  [  54,   55  ] . While there should be no 
confusion between acute diverticulitis and IBS there are two 
areas of potential diagnostic dif fi culty at the intersection 
between IBS and diverticulosis. 

 The  fi rst of these relates to symptoms in the aftermath of an 
acute episode of diverticulitis. While a sizable proportion of 
patients with an acute episode of diverticulitis may suffer a 
recurrence, it is now evident that others may experience more 
chronic symptoms in the aftermath of acute diverticulitis. In 
one series, 25% of a total of 162 patients followed prospec-
tively following a sigmoid colon resection for acute diverticu-
litis suffered chronic symptoms  [  56  ] . A pathological basis for 
these chronic symptoms was provided by the description of 
in fl ammatory changes around diverticula  [  57  ]  and of a more 
frank process, peridiverticular colitis, or segmental colitis 
associated with diverticulosis (SCAD), in a minority  [  57–  59  ] . 

 The second issue is the much debated association between 
uncomplicated diverticular disease and gastrointestinal 
symptoms. Initially the term “symptomatic diverticular dis-
ease” was assigned to the combination of diverticula and 
lower gastrointestinal symptoms; others questioned this con-
cept suggesting that it represented no more than the coinci-
dent occurrence of IBS in an individual who just happened to 
have sigmoid diverticula. While longitudinal studies suggest 
that the outcome for these patients (however de fi ned) is 
benign  [  60  ] , there is now some evidence to suggest that pain-
ful diverticular disease may, indeed, be a real entity related, 
at least in part, to ongoing in fl ammation and its effects on 
neuromuscular function in the colon  [  61–  64  ] . 

 The relationship between diverticula and IBS-type symp-
toms may be complex. While, the individual who harbors diver-
ticula seems, in general, no more likely to experience 
gastrointestinal symptoms than those who do not  [  65  ] , there 
appear to be a few individuals in whom a low grade in fl ammatory 
response may cause pain and related bowel dysfunction  [  66  ] . 

 What then is the relationship between IBS and diverticu-
lar “disease?” That they are related is supported by evidence 
from a cross-sectional survey  [  67  ] , which may simply re fl ect 
the sharing of common symptoms: pain and disturbed bowel 
habits. Comparative studies are few but do suggest some dif-
ferences. Firstly, only a minority of symptomatic diverticular 
disease patients satisfy Rome II criteria  [  67,   68  ]  and, sec-
ondly, symptom severity, as judged by a modi fi ed Patient 
Health Questionnaire 15 (PHQ-15) scale, appeared to be 
lower than in IBS, in one study  [  68  ] . However, the IBS and 
diverticular disease groups in the latter study were not age-
matched. This is clearly an evolving area as diverticulosis 
attracts the research interest it deserves. Pending new data, 
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the clinician needs to be alert to the possibility of diverticuli-
tis and ongoing related in fl ammation as the latter may bene fi t 
from anti-in fl ammatory therapy.  

   Other Disorders 
 The prevalence of ischemic colitis, another disorder whose 
prevalence is age-related, is higher in those with IBS  [  69  ] , 
though the nature of this relationship remains unclear. 
Diabetes and Type II diabetes, in particular, have reached 
epidemic proportions in the US and feature a number of 
gastrointestinal symptoms and complications. While dia-
betic gastroparesis and diarrhea feature prominently in 
textbooks, constipation and functional gastrointestinal 
complaints such as abdominal bloating/distension and IBS 
are actually the most common gastrointestinal symptoms in 
diabetics  [  70  ] . Polypharmacy is common in the elderly, 
especially in hospital and nursing home settings; many 
drugs cause gastrointestinal side effects and a medication 

side effect must always be considered in the assessment of 
the older patient with diarrhea or constipation. Finally, sev-
eral neurological disorders common in the elderly may 
have associated gastrointestinal dysfunction; in some 
instances, such as Parkinson’s disease, a gastrointestinal 
symptom, such as constipation, may dominate the patient’s 
concerns  [  71  ] . 

 Figure  48.1  presents an algorithmic approach to the older 
patient with IBS-type symptoms.    

   Management 

 Guidelines developed exclusively for the management of IBS 
in the geriatric population simply do not exist; so, for the most 
part, one’s management strategy should follow that developed 
for IBS, in general (Table  48.1 )  [  72  ] . In choosing drug ther-
apy for the older patient, the clinician needs to be ever 

  Fig. 48.1    Suggested 
approach to the older 
patient with irritable bowel 
syndrome (IBS)-type 
symptoms       
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vigilant for the possibility of adverse events to which the 
elderly are more susceptible, including drug–drug interac-
tions. While the management of constipation is addressed 
elsewhere  [  27,   73  ] , two issues deserve emphasis: the risk of 
precipitating incontinence with the over-zealous use of laxa-
tives and the likelihood of impaction and its attendant compli-
cations, such as stercoral ulceration, when constipation goes 
unrecognized and under-treated in the cognitively impaired or 
otherwise bowel insensitive individual. Needless to say, given 
the aforementioned discussion of depression and related psy-
chopathology, the prompt recognition and appropriate man-
agement of such comorbidities is of paramount importance.  

 In conclusion, there is a real need to develop data on IBS 
in the geriatric population. 

  Key Points 

    Irritable bowel syndrome (IBS) is common in the elderly • 
but details of its epidemiology are scanty.  
  Symptoms of IBS such as constipation and incontinence • 
are also common in the elderly.  
  Symptom-based diagnostic criteria for IBS have neither • 
been developed nor validated in the elderly.  
  Given the prevalence of comorbidity in the older subject, • 
a lower threshold for investigation is appropriate and 
some disorders which are especially prevalent in this age 
group should feature prominently in the differential diag-
nosis in the right context.  
  There are no treatment strategies for IBS that have been • 
tailored speci fi cally for the elderly; in managing the older 
patient with IBS, the potential for adverse effects, as well 
as drug–drug interactions needs to borne in mind.           
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   Table 48.1    A summary of treatment approaches to IBS based on symptom pattern   
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 Intestinal ischemia (II) represents a spectrum of diseases. 
The presentations, treatment and prognosis of II depend 
largely on the nature and location of ischemic disorders. 
The two major II are: ischemic colitis (IC), more common 
and with an overall better prognosis, and mesenteric isch-
emia (MI), less common, but with a much worse prognosis 
 [  1  ] . In general, vascular abdominal emergencies must be 
included in the differential diagnosis of older patients with 
nonspeci fi c abdominal pain, even if the examination is not 
suggestive. In general, vascular abdominal emergencies must 
be included in the differential diagnosis of older patients 
with nonspeci fi c abdominal pain, even if the examination is 
not suggestive. Most diagnoses are time sensitive, with integ-
rity of organs at risk in the case of thromboembolic disease 
or aneurysms of the aorta with rupture and shock early diag-
nosis of II will more likely preserve the bowel and minimize 
the damage  [  2  ] . 

   Pathophysiology 

 At rest the gut receives about 25% of the cardiac output, 
which increases to 35% after meal  [  1,   3  ] . The abdominal 
aorta provides blood supply to the small and large intestines 
through three branches: celiac axis (CA), superior mesen-
teric artery (SMA), and inferior mesenteric artery (IMA) 
(Table  49.1 ). An extensive network of collateral and intra-

mural submucosal vessels protects the bowel from ischemia 
 [  1–  3  ] . Despite this protection and multiple regulatory mech-
anisms, the bowel remains at risk for ischemia for a variety 
of reasons. Two watershed areas exist in the colon: one at the 
splenic  fl exure, between SMA and IMA, and the other at the 
rectosigmoid junction, between IMA and rectal arteries  [  1,   4  ] . 
The CA, SMA, and IMA differ in several aspects; the caliber 
and the take-off of the three arteries from the aorta differ and 
in fl uence the likelihood of a speci fi c artery getting occluded. 
The SMA is the most likely artery to be affected by an 
embolus or platelet thrombus due to its oblique origin from 
the abdominal aorta, while the CA originates perpendicular 
to the axis of the abdominal aorta.  

 When the blood supply to the bowel falls below the meta-
bolic demand, ischemic injury will occur. The type of the isch-
emic injury depends on the size (small vs. large) and the 
affected blood vessel (artery vs. vein), as well as the duration 
and chronicity of the insult. Table  49.2  summarizes the spec-
trum of II  [  5  ] . The injury ranges from transient functional 
alternation to transmural infraction  [  6  ] . Multiple etiologic fac-
tors lead to decreased blood supply, with atherosclerosis, 
emboli, thrombus, and vasospasm the major players in the 
majority of cases  [  7  ] . Due to the increased incidence of athero-
sclerosis and cardiovascular disorders with aging; the elderly 
are at increased risk for developing II. Although controversial, 
in a UK study, risk factors for IC and acute MI did not neces-
sarily concur; diabetes and prior cardiovascular surgery were 
associated with acute MI (AMI) but not IC  [  8  ] . In addition, II 
has been reported to occur from SMA syndrome, due to com-
pression by an abdominal aorta aneurysm  [  9  ] .   

   Ischemic Colitis 

 IC was  fi rst described in 1963  [  10  ] . The true incidence is 
underestimated either due to misdiagnosis as other entities, 
especially infectious colitis mimic IC; alternatively other, 
individuals with mild symptoms may not seek medical atten-
tion  [  1,   11,   12  ] . In a recent review, the incidence of IC in the 
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general population ranged from 4.5 to 44 cases per 100,000 
person-years  [  12,   13  ] . IC accounts for 1.28 ± 0.89 per 1,000 
hospitalizations  [  6,   14,   15  ] . The entity results from transient 
colonic hypoperfusion, at presentation the colonic blood 
 fl ow may be already normalized  [  1,   6,   11  ] . Although multi-
ple risk factors for IC exist, aging is the most common risk 
factor; others include decreased cardiac output, systemic 
hypotension, splanchnic vasoconstriction, medications, and 
increased intracolonic or intra-abdominal pressure of any 
etiology  [  1,   4,   6,   11  ] . IC has been reported after a diagnostic 
colonoscopy on the basis of increased intracolonic pressure 
 [  16,   17  ] . Female gender, age more than 65 years, constipa-
tion-predominant irritable bowel syndrome and chronic 
obstructive pulmonary disease (COPD) have a two to four-
fold increased risk for IC  [  12,   13  ] . The association of IC 
with COPD is not entirely clear, but may be related to small 
vessel disease secondary to chronic smoking  [  12  ] . IC is a 
well-known complication of abdominal aortic aneurysm 
(AAA) repair. Clinically signi fi cant IC is encountered in 
1–3% of elective repair, and up to 14% in cases of rupture 
 [  18  ] . Aneurysm rupture, operative time more than 4 h and 
baseline renal insuf fi ciency were independent risk factors 
for IC  [  18  ] . Patients who developed IC after AAA repair 
have up to 53% mortality at 1 month and a lower 2 year sur-
vival (35%) compared to those who do not develop IC after 
AAA repair (86%)  [  18  ] . It is controversial if endovascular 
repair decreases the incidence of IC compared to open repair 
 [  18,   19  ] . Multiple factors contribute to IC after AAA repair 

with IMA interruption, microembolization, and hypoperfu-
sion the main offenders  [  19  ] . In contrast to most other type 
of IC, there is a high rate of colectomy (59%) with 60% 
surgical mortality in AAA repair patients who develop IC 
 [  18  ] . Besides AAA repair, IC can also complicate abdomi-
nal aortic dissection  [  20  ] . Table  49.3  summarizes causes of 
IC  [  12,   21–  29  ] .  

 Acute onset of crampy lower abdominal pain followed by 
diarrhea, which can be bloody, is the most common presenta-
tion  [  1,   6,   11  ] . On examination, there is usually manifest 
mild to moderate localized tenderness without peritoneal 
signs. Severe abdominal pain, massive rectal bleeding, or 
presence of peritoneal signs suggests an alternative diagnosis 
or full thickness necrosis and perforation. While WBC counts 
are elevated in the majority of cases, fever and metabolic aci-
dosis are uncommon and signify a severe disease. 

 IC usually is a segmental disease. The left colon is the 
most affected area in IC  [  30  ] . The rectum is relatively spared 
due to its rich collateral circulation. Pancolonic involvement 
is encountered only in 2.8–7% of affected patients  [  15,   30  ] . 
The incidence of isolated right sided IC (IRSIC) is increasing, 
and currently accounts for 25% of all cases of IC  [  30,   31  ] . 
IRSIC can be a manifestation of MI and requires special 
attention. Figure  49.1  demonstrates the arterial supply to the 
colon and the distribution of IC.  

 The diagnosis of IC requires high clinical suspicion, uti-
lizing a constellation of symptoms to complement physical 
and endoscopic  fi ndings. For patients with clinical suspicion 
of IC and no alarm features, the best diagnostic modality is a 
colonoscopy with endoscopic biopsy (Fig.  49.2 ). The earliest 
endoscopic  fi ndings are subepithelial hemorrhage and edema; 
ulcerations are seen after 24 h of presentation and necrosis in 
severe cases  [  15  ] . In those with alarm symptoms or  fi ndings, 
an imaging study is a must prior to endoscopy to rule out 
other disease entities or complications. Findings on imaging 
are nonspeci fi c; further, imaging study can be normal in early 

   Table 49.1    Arterial supply to the digestive system  [  1,   2  ]    

 Vessel  Arterial branches  Supplied area 

 Celiac axis  Left gastric artery 
 Common hepatic artery 
 Splenic artery 

 Stomach 
 Duodenum 
 Pancreas and liver 

 Superior mesenteric artery  Anterior and posterior inferior pancreaticoduodenal 
arteries 
 Middle colic artery 
 Right colic artery 
 Ileocolic artery 
 Jejunal and ileal branches 

 Jejunum 

 Ileum 
 Right colon to around mid-transverse colon 

 Inferior mesenteric artery  Left colic artery 
 Multiple sigmoid branches 
 Superior rectal artery 

 Distal transverse colon to superior rectum 

 Internal iliac  Middle rectal artery 
 Inferior rectal artery 

 Mid to distal rectum 

   Table 49.2    The spectrum and frequency of intestinal ischemia  [  4–  6  ]    

 Type  Frequency (%) 

 Ischemic colitis  75 
 Acute mesenteric ischemia  25 
 Focal segmental ischemia  <5 
 Chronic mesenteric ischemia  <5 
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   Table 49.3    Causes of ischemic colitis  [  1,   4,   5,   8,   11,   14,   30  ]    

 Systemic hypoperfusion 
 Cardiac failure 
 Septic shock 
 Hemorrhagic shock 
 Pancreatitis 
 Hypovolemia 

 Diuretics 
 Hemodialysis 
 Long-distance running 

 Major cardiovascular surgery 
 Coronary artery bypass grafting 
 Aorta repair 

 Snake venom 
 Anaphylaxis 

 Small-vessel disease 
 Atherosclerosis 

 Diabetes 
 Hypertension 
 Hyperlipidemia 

 Vasculitis 
 Systemic lupus erythematosus 
 Polyarteritis nodosa 
 Wegner granulomatosis 

 Rheumatoid arthritis 
 Radiation 
 Amyloidosis 

 Iatrogenic 
 Surgical 

 Colonic hypoperfusion 
 Colonoscopy 
 Colonic obstruction including carcinoma 
 Strangulated hernia 

  Colectomy with inferior mesenteric artery ligation 
  Endoscopic retrograde cholangiopancreatography-related 
mesenteric hematoma 

 Drugs 
 Alosetron (lotronex) 

 Thrombosis or embolism 
 Congenital hypercoagulable state      

 Factor V Leiden mutation 
 Prothrombin G20210A mutation 
 Protein C or S de fi ciency 
 Antithrombin III de fi ciency 

 Acquired hypercoagulable state 
 Antiphospholipid syndrome 
 Anticardiolipin antibodies 
 Lupus anticoagulation 
 Disseminated intravascular coagulation 
 Oral contraceptive pills 
 Paroxysmal nocturnal hemoglobinuria 

 Arterial emboli (cardiac) 
 Cholesterol emboli 

 Tegaserod 
 Antihypertensive drugs 
 Digoxin 
 Cocaine 
 Interferon-ribavirin 
  Nonsteroidal anti-in fl ammatory drugs 
 Pseudoephedrine 
 Psychotropic drugs 
 Vasopressors 

 Other causes 
 COPD 
 Sickle cell disease 

  Fig. 49.1    Arterial blood supply 
to the colon and the distribution 
of ischemic colitis       
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disease stages. While plain  fi lm of the abdomen may occa-
sionally reveal thumb printing, a result of subepithelial hem-
orrhage and edema, its diagnostic value is limited and is 
being replaced largely with contrast computed tomography 
(CT) of the abdomen and pelvis. CT usually reveals segmen-
tal bowel wall thickness and in severe cases may reveal pneu-
matosis of the bowel wall or portal venous gas signifying 
bowel infarct  [  13,   22  ] . CT angiography (CTA) or mesenteric 
angiogram (MA) is not indicated for the majority of cases 
with IC, with IRSIC an exception.  

 Treatment of IC, generally, is medical and consists of 
keeping the patient NPO, hemodynamic stabilization, correcting 
the underlying causes if possible, and antibiotics for moderate 
to severe cases  [  1  ] . Surgery is needed in the minority of 
patients and usually reserved for those presenting with acute 
severe disease or a chronic complication such as stricture 
formation or for recurrence. The prognosis of IC usually is 
good, with a recurrence rate between 3 and 10%  [  1,   32  ] . 
Progression to chronic segmental colitis and stricture forma-
tion ranges from 0 to 17.9% and <1–20% respectively  [  15–  32  ] . 
In one study only 12.9% had unfavorable outcome as de fi ned 
by mortality and/or need for surgery  [  15  ] . Patients presenting 
with IRSIC have worse outcomes including at least a dou-
bling of mortality rate and four to  fi vefold increased need for 
surgery  [  15,   30,   31  ] . End stage renal disease, COPD, hyper-
thyroidism, stroke, onset of IC after admission, abdominal 
pain without rectal bleeding, nonbloody diarrhea, peritoneal 
signs, intraperitoneal  fl uid on CT, delay in diagnosing IC till 
postoperative period, transmural necrosis, and mesenteric 
atherosclerosis in the resected specimen are predictors of 

worse outcomes  [  15,   30,   32–  36  ] . In contrast presentation 
with rectal bleeding and nonsteroidal anti-in fl ammatory drug 
use predict better outcomes  [  32  ] .  

   Mesenteric Ischemia 

 Based on the presentation MI may be termed AMI or chronic 
MI (CMI). 

   AMI 

 AMI develops following acute interruption to blood  fl ow in 
the SMA. Table  49.4  summarizes the causes, frequency, and 
mortality rate in AMI  [  1  ] . Regardless of the etiology, the 
prognosis remains poor, with a mortality rate of 59–93%, 
largely due to the delay in the diagnosis  [  6  ] .  

 Predisposing factors include age over 50 years, cardiac 
arrhythmia, decreased cardiac output, hypovolemia, and use of 
vasoactive drugs  [  1,   5  ] . Presenting symptoms are nonspeci fi c, 
warranting a high index of suspicion to make the diagnosis. 
Abdominal pain is the most common presenting symptom, 
however, in an elder it may not be as obvious  [  1,   5  ] . An older 
adult may present with tachypnea or mental status changes 
 [  5  ] . Early on, the abdominal examination is benign without 
peritoneal signs. AMI should be considered in every older 
adult presenting with abdominal pain disproportionate to the 
physical  fi ndings, especially those with risk factors for AMI. 
Peritoneal signs, gastrointestinal bleeding, elevated lactic acid 
level, or abnormal plain  fi lm of the abdomen usually signi fi es 
an infarct and poor prognosis  [  1,   37  ] . 

 Arterial thrombosis, due to the involvement of the SMA 
origin, has the worst prognosis. In mesenteric venous throm-
bosis (MVT) hematologic diseases and hypercoagulable state 
are common; here up to 50% of patients have a history of 
pulmonary embolism or deep venous thrombosis  [  38,   39  ] . 
Intra-abdominal in fl ammation and sepsis, cirrhosis and liver 
disease, sclerotherapy of esophageal varices, abdominal sur-
gery, and blunt abdominal trauma can all lead to MVT  [  39, 
  40  ] . Due to the slower development of the occlusion in MVT, 
it tends to present less acutely than the arterial occlusion  [  39  ] . 
Colonic involvement with MVT and short bowel syndrome 

  Fig. 49.2    Endoscopic view of sigmoid colon revealing circumferential 
mucosal edema, exudates and hemorrhage consistent with ischemic colitis       

   Table 49.4    Causes, frequency, and mortality in acute mesenteric 
ischemia   

 Causes  Frequency (%)  Mortality (%) 

 Arterial embolism  40–50  70 
 Arterial thrombosis  25–30  90 
 Nonocclusive mesenteric 
ischemia 

 20–30  50–90 

 Mesenteric venous 
thrombosis 

 10  20–50 
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have substantial negative impact on short and long term sur-
vival  [  40  ] . Nonocclusive mesenteric ischemia (NOMI) results 
from mesenteric vasoconstriction and usually affects criti-
cally ill patients in the intensive care unit with poor splanch-
nic blood  fl ow due to decreased cardiac output, hypovolemia, 
or use of vasoactive drugs including digoxin  [  7  ] . Abdominal 
pain may not be apparent and is absent in about 25%; ileus, 
gastrointestinal bleeding, or sepsis may be the presenting 
symptoms  [  39  ] . 

 When AMI is suspected CT with contrast can be invalu-
able. CT  fi ndings in AMI can include: occlusion of any vis-
ceral artery, portomesenteric venous thrombosis, intestinal 
pneumatosis, portomesenteric venous gas, bowel wall thick-
ening, bowel dilation, and solid organ infarct  [  41  ] . Multidetector 
row helical CT (MDCT) with biphasic mesenteric angiogra-
phy can identify the vascular occlusion as well as its conse-
quences. In a recent study of 79 patients with suspected AMI 
mesenteric undergoing MDCT angiography, the  fi nal diagno-
sis was AMI in 28 patients, with 96.4% diagnostic accuracy. 
The sensitivity, speci fi city, positive, and negative predictive 
values were 93%, 100%, 100%, and 94% respectively  [  42  ] . 
Further, the  fi ndings on MDCT can predict the prognosis of 
AMI  [  43  ] . Magnetic resonance angiography (MRA) is prom-
ising, but at present time, limited in availability and time con-
suming, is not widely used for AMI  [  1  ] . Selective MA remains 
the mainstay of the diagnosis of AMI  [  1,   5  ] . 

 Treatment of AMI is complex and depends on the under-
lying cause and on the presence or absence of peritoneal 
signs. Prompt recognition and aggressive intervention play a 
substantial effect on outcomes. Early on attention is paid to 
resuscitation of  fl uid and electrolyte abnormalities coupled 
with correcting any feasible underling predisposing condi-
tion and the discontinuation of offending medications, such 
as vasoactive drugs  [  1,   5  ] . Broad-spectrum antibiotics should 
be initiated early due to the high risk of bacteria transloca-
tion and its potential to decrease the severity and the extent 
of ischemic injury  [  1,   5  ] . Glucagon decreases vasospasm   , 
and may be a therapeutic consideration  [  1,   5  ] . After the ini-
tial imaging selective MA should be performed, and accord-
ing to some experts, even if surgery is planned  [  6  ] , to con fi rm 
the diagnosis and guide treatment. After the diagnostic por-
tion of MA, the catheter should be left in place for papaver-
ine infusion and possible follow-up serial angiograms  [  1,   6  ] . 
Papaverine is a vasodilator which can effectively treat the 
vasoconstriction, commonly occurring distal to the site of 
occlusion, and decrease the risk of reperfusion injury. In 
some studies papaverine infusion decreases the mortality 
rate from 70–90 to 40–50%  [  1  ] . Additional treatment depends 
on the underlying etiology. NOMI is treated according to 
the above-mentioned steps with surgery reserved only for 
those with peritoneal signs. In AMI the presence of perito-
neal signs is an absolute indication for surgery. Surgery his-
torically was the mainstay of treatment in AMI in those who 

are surgical candidates. At surgery dead bowels are resected 
and the blood  fl ow resorted. Revascularization should be car-
ried out prior to any resection to minimize the amount of 
resected bowel. Occasionally a second look surgery may be 
needed. In the last 2 decades interest had sparked in endovas-
cular revascularization (ER) in the setting of AMI using a 
combination of thromboembolectomy and thrombolysis 
 [  44  ] . In a recent report on 70 patients with AMI in whom 
81% received ER, and 87% success rate at revascularization, 
only 19% received immediate surgical intervention (ISI) 
 [  45  ] . Only 69% of ER group required laparotomy. The length 
of resected bowel, and acute renal and pulmonary failure 
were statistically better in patients treated by ER vs. ISI. 
Most importantly, the mortality rate in those with successful 
ER was statically better compared to those in whom ER 
failed or underwent ISI (36% vs. 50%,  P  < 0.05). 
Anticoagulation therapy both in the acute and long term set-
tings plays an important role in the treatment of MVT and 
results in decrease mortality and rethrombosis  [  1,   46  ] .  

   CMI 

 It results from critical stenosis,  ³ 70%, most commonly from 
atherosclerosis, usually, of at least two of three mesenteric 
vessels  [  47  ] . The prevalence of mesenteric artery stenosis in 
the geriatric patients is high, and as much as 17.5%  [  48  ] . Due 
to abundant collaterals in the mesenteric circulation most 
obstruction is asymptomatic. Patients with CMI usually have 
diffuse atherosclerotic diseases and the risk factors to develop 
CMI generally speaking are those for developing atheroscle-
rosis; less frequently it results from external compression, 
 fi bromuscular dysplasia, and vasculitis  [  49  ] . Typical symp-
toms include various types of postprandial abdominal pain, 
postprandial diarrhea, malabsorption, nausea, vomiting, fear 
of eating, and signi fi cant weight loss  [  1,   50  ] . Pain typically 
comes on following the ingestion of a meal and often pre-
dictable. Chronic dull abdominal pain usually signi fi es an 
advanced disease. Seventy percent of affected patients are 
female  [  47  ] . Differential diagnosis includes malignancy 
especially pancreatic and gastric cancer, peptic ulcer, and 
other disorders that cause abdominal pain. 

 Color duplex ultrasound is the screening method of choice 
for screening CMI with MRA and MDCT used to support 
the clinical diagnosis if the duplex is nondiagnostic  [  1,   50  ] . 

 Treatment is usually recommended only for symptomatic 
patients either by ER by percutaneous transluminal angio-
plasty (PTA) with or without stent or surgical revasculariza-
tion (SR). It appears that PTA with stent is superior to PTA 
alone  [  51  ] . In a recent analysis of publications over the last 
20 years  [  52  ] , SR was superior to ER in symptoms improve-
ment, 5-year primary and assisted patency, and freedom of 
symptoms at 5 years (2.4, 3.8, 6.4, and 4.4 times more likely 
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respectively). Complication rate was 3.2 times more likely in 
SR but the difference in mortality was not statistically 
signi fi cant. Despite that ER remains an effective strategy. 
Therefore the choice of the revascularization method should 
be tailored to each individual patient anatomy, overall well-
being and patient’s preference as well as the local expertise. 

  Key Points 

    IC is the most common form of II, but remains under • 
diagnosed.  
  Presence of peritoneal signs in any form of II is an abso-• 
lute indication for immediate surgical intervention.  
  Prognosis in IC is usually favorable; the majority recover • 
uneventfully with low recurrence rate.  
  IRSI and IC complicating abdominal aortic aneurysm • 
(AAA) repair have worse prognosis with increased mor-
tality and need for surgical intervention.  
  The mortality rate of acute MI (AMI) remains high, war-• 
ranting early recognition and aggressive intervention.  
  Abdominal pain may not be evident in nonocclusive mesen-• 
teric ischemia (NOMI), requiring a high index of suspicion.  
  Presentation of mesenteric venous thrombosis (MVT) • 
tends to be less acute than arterial obstruction.  
  Short and long term anticoagulation has a positive impact • 
on the outcomes of MVT.  
  Emerging improvement in diagnostic and interventional • 
radiologic procedures will help early recognition, treat-
ment, and prognosis of AMI.  
  Presence of symptoms is mandatory to diagnose chronic • 
MI (CMI).  
  ER for CMI is effective with lower complication rate and is • 
gaining increased popularity between physician and patients.           
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         Introduction/Background/History 

 In fl ammatory bowel disease (IBD) is a chronic, often debilitat-
ing illness. The three subtypes are Crohn’s disease (CD), ulcer-
ative colitis (UC), and indeterminate colitis. Crohn’s disease 
can involve any part of the gastrointestinal tract. Ulcerative 
colitis and indeterminate colitis often involve the rectum and 
variable lengths of the colon. These three subtypes have over-
lapping features and similar treatments. Distinguishing between 
them may pose a clinical challenge. The diagnosis of indeter-
minate colitis is used for a patient with several characteristics of 
both Crohn’s disease and ulcerative colitis. The de fi nition and 
criteria of IBD have gone through multiple revisions as other 
conditions such as ischemic colitis, collagenous colitis, and 
lymphocytic colitis are now known to be distinct from IBD. 

 Though IBD usually af fl icts patients in their 20s and 30s, 
a subgroup of patients are diagnosed after age 50. Key differ-
ences exist in diagnosis, treatment, and disease course 
between older and younger patients.  

   History 

 Crohn’s disease was  fi rst described by the “Father of German 
Surgery” William Fabry in 1623  [  1  ] . In 1932, it was catego-
rized as a distinct entity by Crohn and his colleagues at the 
Mount Sinai Hospital who described a series of patients with 
terminal ileitis  [  2  ] . Ulcerative colitis was  fi rst noted by 
Samuel Wilks who delineated it from dysentery in 1859  [  3  ] . 
Over the subsequent decades, physicians identi fi ed this entity 

more frequently. By 1909, 300 cases had been collected by 
the Royal Society of Medicine  [  4  ] .  

   Epidemiology 

 IBD is more common in patients of Ashkenazi Jewish descent 
(from Eastern Europe and Russia)  [  5  ]  and is relatively rare in 
African-American and Hispanic individuals  [  6  ] . However, 
due to a paucity of population-based epidemiologic studies, 
 fi rm conclusions cannot be drawn  [  7  ] . 

 The incidence and prevalence of IBD vary by region and 
both tend to be higher in the developed world. The incidence 
of UC in North America is between 2.2 and 14.3 cases per 
100,000 person-years. For CD, the incidence ranges from 3.1 
to 14.6 cases per 100,000 person-years. It is estimated that 
approximately 780,000 people in North America have UC, 
while 630,000 have CD  [  8  ] . Ulcerative colitis demonstrates a 
slight predilection for males, with an incidence of 8.2 cases 
per 100,000 patient years, compared to females with 5.9 cases 
per 100,000 patient years  [  9  ] . In CD, this trend is  marginally 
reversed with a 1.2:1 female to male incidence ratio  [  10  ] . 

 Earlier reports emphasize a bimodal incidence for IBD; 
the  fi rst peak occurring between age 21 and 30 and the sec-
ond peak, between age 51 and 70  [  11  ] . This second peak has 
recently come into question as several recent studies have 
failed to consistently demonstrate an increase in incidence 
after the age of 40. 

 A large retrospective study of residents of Minnesota dem-
onstrated that in the seventh decade of life, the incidence rates 
for UC were 4.4 per 100,000 patient years in women and 10.5 
cases per 100,000 patient years in men. In the third decade of 
life, the rates were 9.9 per 100,000 patient years in women and 
14.1 cases in men  [  9  ] . In the same population, the incidence 
rates for CD were 4.1 per 100,000 patient years in the seventh 
decade of life, compared to a rate of 12.8 in the third decade 
of life  [  10  ] . No bimodal distribution was found in a number 
of other studies from Stockholm county Sweden (1997) 
 [  12  ] , Northern France (2004)  [  13  ] , Southern Germany (2008) 
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 [  14  ] , Korea (2009)  [  15  ] , Australia (2010)  [  16  ] , and China 
(2010)  [  17  ] . However, in a 2010 retrospective study from 
Uppsala county, Sweden, a second peak in UC  incidence was 
noted in patients older than 60. This peak was more prominent 
in men than women  [  18  ] . A Japanese study indicates that the 
proportion of UC with “old age onset” has increased between 
1981 and 2000  [  19  ] . A large epidemiological study of nine 
European countries demonstrated a large peak in IBD-related 
hospitalizations in younger patients as well as a smaller peak 
in older patients  [  20  ] . The question of whether the incidence 
of IBD has a bimodal distribution thus remains open.  

   Pathogenesis 

 The pathogenesis of IBD is a topic of great complexity with 
signi fi cant interplay of genetics, environmental factors, and 
immune dysregulation. Autoimmunity has been emphasized 
in the pathogenesis of ulcerative colitis  [  21  ] . 

   Genetic Factors 

 IBD demonstrates non-Mendelian heritability with CD hav-
ing a stronger genetic component than UC. A person with a 
monozygotic twin who has UC incurs a 6–18% risk of devel-
oping this disease. The concordance rate for CD between 
monozygotic twins is signi fi cantly higher at 44–58%  [  22,   23  ] . 
First-degree relatives of patients with IBD have a 3–20 times 
higher risk of developing this disease  [  24  ] . Data suggest that 
the chance of a  fi rst-degree relative of an IBD patient devel-
oping the disease is 3.5–35 times higher than the general 
population  [  24,   25  ] . Crohn’s disease acquired later in life 
appears to have less of a heritable component. Patients with 
symptom onset after the age of 40 are less likely than younger 
patients to have relatives with the disease  [  26,   27  ] . 

 Recent advances have helped elucidate the genetic deter-
minants that predispose patients to IBD. For instance, the 
IBD1 gene codes for the NOD2/CARD15 protein that regu-
lates macrophage-signaling pathways  [  28  ] . Mutations in this 
gene are associated with a greater than 20-fold increase in 
the rate of developing CD  [  29,   30  ] . A large study from 
Germany evaluated different gene loci and found that patients 
with UC were more likely to have two particular MDR1 sin-
gle nucleotide polymorphisms. This association only reached 
statistical signi fi cance in patients under the age of 46  [  31  ] . 
A study of Japanese patients with UC evaluated the preva-
lence of polymorphism of the IL-1 receptor antagonist gene. 
This polymorphism was only associated with UC in patients 
diagnosed before the age of 30  [  32  ] . A number of other gene 
mutations have been associated with a predisposition for 
IBD including IL-10 receptor  [  33  ] , IL-23 receptor  [  34  ] , and 
ATG16L1  [  35,   36  ] . The distribution of these genes among 
different age groups has not yet been examined.  

   Environmental Factors 

 The incidence and prevalence of IBD tends to be lower in 
developing countries. As these places become more industri-
alized, disease incidence tends to increase to values closer to 
developed countries  [  8  ] . Additionally, immigrants from the 
developing world to the western world tend to have signi fi cant 
increase in incidence and prevalence of IBD. Immigrants 
from the Indian subcontinent to Great Britain acquired the 
risk of IBD of the native British population  [  37–  39  ] . Several 
studies of collective farming communities in Israel have 
demonstrated that three different ethnic groups (Israeli Born, 
American/European Born, and African/Asian Born) have 
converging prevalences of both UC and CD  [  40,   41  ] . It is 
unclear if these  fi ndings are secondary to improved diagnos-
tic techniques, more access to medical care, dietary changes, 
or fewer confounding diagnoses (such as infectious diar-
rhea). Interestingly, both within and between countries, there 
appears to be an increasing prevalence in the northern regions 
as compared with the southern regions. These  fi ndings were 
not adequately explained by differences in education or 
tobacco use. Factors that have been proposed as causes of the 
North–South gradient include diet, socioeconomic status, 
genetic variations, and climate  [  42,   43  ] . 

 Tobacco use is a well-established environmental factor in 
CD, with smoking increasing the risk for developing this dis-
ease  [  44,   45  ] . Patients who continue smoking after surgery 
are two to three times as likely to experience a clinical recur-
rence and two and a half times more likely to require reop-
eration at 10 years  [  46  ] . The relationship between smoking 
and UC is more complex, with active smoking somewhat 
protective against the development of ulcerative colitis. 
However, former smokers are more likely to develop UC 
than the average population  [  44,   47  ] . One study con fi rmed 
that older patients with UC are more likely than younger 
patients to have used tobacco, though the likely presence of 
lead-time bias questions the  fi nding  [  48  ] . 

 Patients who underwent an appendectomy are protected 
against developing ulcerative colitis  [  49,   50  ] . This effect was 
only noted when the surgery was performed for an 
in fl ammatory process such as appendicitis. A meta-analysis 
from 2008 demonstrated that patients undergoing appendec-
tomy were more likely to receive the diagnosis of Crohn’s 
 [  51  ] . However, differences in diagnostic methods in some 
studies as well as the lack of statistical signi fi cance 5 years 
after the surgery make a connection less likely.  

   Immune Dysregulation 

 Though there are unanswered questions about the pathophys-
iology of CD, intestinal bacteria and the heightened immune 
response are certainly signi fi cant factors. One study revealed 
that speci fi c bacterial DNA sequences resulted in a higher 
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rate of IgA seroreactivity in the intestinal specimens of CD 
patients (54%) compared to unaffected patients (4%)  [  52  ] . 
Patients with CD express antibodies to E. coli outer mem-
brane porin C. This phenomenon is more frequent in patients 
with  fi brostenosing disease and in those who require small 
bowel operations  [  53  ] . 

 The autoimmune nature of ulcerative colitis has been 
established in a number of studies. Perinuclear antineutro-
phil cytoplasmic antibodies were found to be 92% speci fi c in 
pediatric patients  [  54  ] . Patients with active UC have serum 
markers of antibody-dependent cell-mediated cytotoxicity 
which decrease signi fi cantly after total procto-colectomy 
 [  55  ] . Cytotoxic T-Cell lines derived from the peripheral 
blood leukocytes of UC demonstrated cytotoxicity against 
colonic epithelial cells  [  56  ] . Antibodies to a colonic epithe-
lial protein, Tropomyosin Isoform 5, have been isolated from 
ulcerative colitis patients. Antibodies to a colonic epithelial 
protein, Tropomyosin Isoform 5, have been detected in the 
serum and colonic mucosa of patients with UC. These anti-
bodies induce complement activation and the destruction of 
colonic epithelium  [  57  ] .   

   Diagnosis 

 Endoscopic  fi ndings of IBD include mucosal granularity, 
erythema, edema, friability, and ulceration. Ulcerative colitis 
only involves the mucosal layer of the colon, whereas CD is 
a transmural disease involving all segments of the gastroin-
testinal tract. Rectal involvement can often help distinguish 
between CD and UC. Proctitis is a hallmark of UC, while the 
rectum can be spared in CD. The in fl ammation in CD is often 
patchy and segmental. UC usually has a more continuous 
distribution. Computerized Tomography is often useful for 
identifying complications of IBD such as  fi stulas, abscesses, 
perforations, and malignancies. Though CT scans are gradu-
ally replacing barium studies, the latter is quite useful for the 
identi fi cation and characterization of small intestinal and 
colonic strictures. Additionally, barium enema may be safer 
in older adults with chronic kidney disease as intravenous 
contrast is not needed. Colonoscopy with mucosal biopsies 
is the most common method for diagnosis of IBD. However, 
given the super fi cial nature of the tissue specimens obtained 
in this way, it often fails to distinguish between subtypes of 
IBD. Small bowel follow-through, CT enterography, and 
videocapsule endoscopy are a few modalities for diagnosing 
small bowel disease. These tests often help solve the diag-
nostic problem of differentiating CD from UC. 

 Additional diagnostic tests include speci fi c antibodies 
such as p-ANCA, ASCA (IgG and IgA), anti-CBir1, and 
anti-OmpC. This panel can be helpful in the subset of patients 
in whom the diagnosis of IBD is in question. These blood 
tests are of particular use in elderly patients to distinguish 

between IBD and resistant infectious colitis (i.e.:  Clostridium 
dif fi cile  colitis), recurrent diverticulitis, chronic ischemic 
colitis, and NSAID-induced colitis/enteritis. Distinguishing 
between these conditions is critical as the risks associated 
with IBD medications, surgery, and undertreatment are 
higher in older patients  [  58  ] . 

   Crohn’s Disease 

 Crohn’s patients whose symptoms begin after age 40 have a 
shorter lag time between symptom onset and seeking medi-
cal attention. A diagnosis of CD is made earlier in older 
patients than in younger patients (1.8 years vs. 2.7 years), 
despite a higher rate of misdiagnosis with malignancy, isch-
emic colitis, or diverticulitis  [  26  ] . A small series of 22 
patients found that the average delay until diagnosis in 
patients over 50 was 3.5 years  [  59  ] . Most presenting symp-
toms, including diarrhea, hematochezia, and weight loss, 
were present in similar frequencies of younger and older 
patients. However, abdominal pain/cramping was less com-
mon in older patients  [  26  ] . 

 There are some differences between older and younger 
patients in the anatomical involvement of Crohn’s disease. 
One study showed that 15.2% of patients diagnosed after age 
40 had small bowel disease, while 42.3% had ileocolonic 
disease and 42.5% had colitis alone. The rate of colonic 
involvement was signi fi cantly higher in older patients com-
pared to younger patients (Table  50.1 )  [  27  ] . A different study 
which looked at 43 patients diagnosed after age 60 demon-
strated small bowel disease in 30.2%, ileocolonic disease in 
23.2%, and colonic disease in 41.9%. In the same study, 
older patients were more likely than younger ones to have 
“complex disease” manifested as strictures (44.2%) or 
penetrating/ fi stulizing disease (20.9%)  [  60  ] .   

   Ulcerative Colitis 

 Signi fi cant differences are seen between patients diagnosed 
with UC after age 50 compared to their younger counterparts. 
Older patients are more likely to present with constipation 
and less likely to present with fever, weight loss, or diarrhea 
 [  61  ] . In contrast, another study found that older patients 
tended to present with more daily bowel movements than the 

   Table 50.1    Distribution of Crohn’s disease in older adults   

 References  Year 
 # of older 
patients  Age 

 Distribution 

 Ileitis 
(%) 

 Ileocolitis 
(%) 

 Colitis 
(%) 

 Polito et al.  [  27  ]   1996  67  >40  15.2  42.3  42.5 
 Freeman  [  60  ]   2007  43  >60  30.2  23.2  41.9 
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young  [  62  ] . The severity and outcomes of the  fi rst episode of 
colitis in patients from both age groups were similar  [  63  ] . 

 Some data indicate that a later age of diagnosis increases 
the risk of recurrence in the  fi rst year, whereas 2.5 years after 
diagnosis, there is a protective effect  [  64  ] . A Korean study 
found that 242 patients with ulcerative colitis diagnosed after 
age 40 had similar rates of hospital admission, relapse, and 
surgery when compared to younger patients  [  61  ] . 

 Several studies have found that younger patients tend to 
have a greater disease extent  [  59,   61,   62  ] , and a Japanese 
study noted that older patients tend to have milder colitis and 
proctitis compared to younger counterparts  [  19  ] . However, a 
relatively large percentage of veterans with UC had pancoli-
tis (63%). A Greek study showed no statistically signi fi cant 
difference in disease distribution between older and younger 
patients (Table  50.2 )  [  63  ] . Population-based epidemiological 
studies are required before conclusions can be drawn.    

   Treatment 

   Medical Treatment 

   Sulfasalazine and 5-Aminosalycilates 
 The oldest drug used in the treatment of IBD is sulfasalazine 
which was developed in early 1940s  [  65  ] . Subsequently, one 
of its two major metabolites, 5-amino salicylate (5-ASA), was 
found to be the therapeutic moiety  [  66  ]  and the other metabo-
lite, sulfapyridine, was discovered to be responsible for the 
majority of the side effects  [  67  ] . Several 5-ASA preparations 
also known as mesalamines were developed during the last 3 
decades and have a more limited side effect pro fi le. Due to 
their relatively few side effects and potential anti-cancer activ-
ity  [  68–  70  ] , they are the mainstay of therapy for mild-to-mod-
erate UC. Some formulations are useful in patients suffering 
from CD as well. This class of medications works topically 
by inhibiting cyclooxygenase and thus blocking the produc-
tion of proin fl ammatory prostaglandins. Sulfasalazine and 
5-ASA derivatives also inhibit NF- k B, a mediator of cytok-
ines  [  68,   70  ] . Additionally, these medications have been 
shown to suppress TC-22, a marker for colon cancer  [  71  ] . 

 Though 5-ASA products are only minimally absorbed, 
they can still cause signi fi cant interactions with medications 
commonly used by older patients. The serum concentration 
of cardiac glycosides such as digoxin levels can decline while 

on these medications. Serum levels of digoxin should there-
fore be monitored more closely after starting sulfasalazine or 
a 5-ASA medication. 5-ASA derivatives may also increase 
the tendency to hemorrhage in patients taking heparin  [  66  ] . 

 Mesalamine enemas are likely to be unsuitable for many 
elderly patients given the increased prevalence of pelvic  fl oor 
disorders, rectal prolapse, and incontinence. The rate of fecal 
incontinence in the over-70 age group is approximately 15% 
 [  72  ] . Mesalamine suppositories and hydrocortisone foam are 
more likely to be well tolerated and should lead to higher 
levels of medication compliance.  

   Corticosteroids 
 Corticosteroids are frequently used as treatment for acute 
exacerbations of IBD. These medications inhibit production 
of TNF-alpha, IL-1, and IL-8. Much like 5-ASA derivatives, 
they inhibit NF- k B and proin fl ammatory prostaglandins 
 [  68  ] . Clinicians should aim to minimize the duration and 
dose of systemic corticosteroids in all patients as they cause 
signi fi cant morbid side effects. This goal is even more press-
ing in the elderly who at baseline are prone to osteoporosis, 
hyperglycemia, and cataracts. Corticosteroids can also 
worsen hypokalemia an issue that can be particularly prob-
lematic in older adults who take diuretics for  fl uid overload 
or hypertension  [  73,   74  ] . Budesonide is an oral corticoster-
oid that is used to treat small bowel CD; it has high  fi rst-pass 
hepatic metabolism and therefore more limited systemic side 
effects  [  68  ] . 

 Crohn’s patients older than 65 are equally likely to receive 
steroids for a  fl are than their younger counterparts. However, 
patients over 50 are at a higher risk for developing adverse 
reactions to steroids such as hypertension, hypokalemia, and 
altered mental status  [  75  ] . An Italian study of patients with 
UC over age 50 tended to have lower rates of corticosteroid 
use compared to those below age 25, although the age at 
diagnosis is unknown for these patients  [  48  ] . A Korean 
study con fi rmed these  fi ndings by demonstrating higher 
rates of corticosteroid administration in patients diagnosed 
earlier than age 40  [  61  ] . These  fi ndings contradict two stud-
ies from the 1980s that found higher rates of systemic ste-
roid use in patients diagnosed at a later age  [  62,   76  ] . One 
possible explanation of this discrepancy is evolving prac-
tices among clinicians, with today’s gastroenterologists 
being more cautious regarding corticosteroid treatment in 
older patients.  

   Table 50.2    Distribution of ulcerative colitis in older adults   

 References  Year   N   Cutoff age  Comments 

 Zimmerman et al.  [  62  ]   1985  97  51  Higher rate of distal colonic involvement 
 Riegler et al.  [  48  ]   2000  1,705  NA  Colitis is more limited with advancing age. This might be 

due to a higher prevalence of women in the younger groups 
 Trianta fi llidis et al.  [  63  ]   2001  413  60  No signi fi cant differences in disease distribution 
 Fujimoto et al.  [  19  ]   2007  844  60  Older patients had milder colitis and proctitis 
 Lee et al.  [  61  ]   2010  455  40  Pancolitis was less common in older patients 



48750 In fl ammatory Bowel Disease

   Purine Analogs 
 6-Mercaptopurine (6-MP) and its pro-drug, azathioprine, are 
often used to induce and maintain remission in patients with 
CD, UC, and indeterminate colitis. They are powerful immu-
nosuppressants that interfere with nucleic acid metabolism 
that promotes lymphocyte proliferation following antigenic 
stimulation  [  68  ] . All patients must have frequent blood tests 
to monitor for adverse reactions such as bone marrow sup-
pression and hepatotoxicity. Elderly patients are more likely 
to have underlying liver and bone marrow disease, thus mak-
ing them more susceptible to the side effects. Patients on 
purine analogs have an above average risk for developing 
lymphoproliferative disorders, and this effect appears to 
increase with age. In a prospective cohort study of almost 
20,000 patients with IBD, age was found to be an indepen-
dent predictor of the development of lymphoproliferative 
disease. The calculated hazard ratio was 1.06 per 1-year 
increase in age. The yearly incidence rate (per 1,000 patient 
years) for individuals older than 65 taking purine analogs 
was 5.41 as compared to 0.37 for patients under 50 and 2.58 
for patients between age 50 and 65  [  77  ] . 

 Older patients should be warned that this class of medica-
tions could alter the effectiveness and side effects of vaccines. 
Azathioprine and 6MP can reduce the immune response to 
inactivated vaccines such as the in fl uenza immunization and 
thus render them less ef fi cacious. Live vaccines such as vari-
cella should be avoided in patients taking these medications 
as they can lead to vaccine-related infections. Purine analogs 
may also reduce the anticoagulant effects of warfarin, a drug 
commonly used in older-age patients for deep vein thrombo-
ses, atrial  fi brillation, and other ischemic disorders  [  78,   79  ] .  

   Anti-tumor Necrosis Factor Drugs 
 In 1998, In fl iximab, a monoclonal antibody against TNF-
alpha, was approved by the FDA for use in patients with CD. 
It has since been approved for UC, ushering in a paradigm shift 
in the treatment of moderate-to-severe IBD. In fl iximab and the 
other biologic agents, adalimumab and certolizumab (both of 
which have been approved by the FDA for the treatment of 
CD), function by inactivating the Tumor Necrosis Factor mol-
ecule  [  80–  82  ] . This blocks the activation of the TNF-receptor, 
thereby preventing the release of this proin fl ammatory cytokine 
and T-cell activation  [  68  ] . Due to the alterations in patient’s 
immune function, vaccines should not be administered in those 
who have received biologic agents in the past 3 months. Similar 
to purine analogs, vaccine-related infections can occur if live 
vaccines such as varicella are administered. Additionally, 
patients on anti-TNF agents are at risk for new heart failure as 
well as exacerbations of preexisting heart failure  [  68  ] . 

 A recent large retrospective study from Italy suggested 
that elderly patients on anti-TNF therapy had a higher rate of 
infections and a higher mortality rate. Severe infections were 
noted in 11% of patients over 65 treated with in fl iximab or 
adalimumab. This is much higher when compared to the rate 

of severe infections in the elderly not on anti-TNF agents 
(0.5%) as well as patients under 65 who received these medi-
cations (2.6%). The same study demonstrated a signi fi cantly 
higher mortality rate for older patients on biologic agents. 
However, the study was retrospective and did not provide 
information regarding severity of disease in the different 
study groups  [  83  ] . Further prospective trials are needed for 
conclusions to be drawn.   

   Surgery 

 As the options for medical management of IBD increase, the 
percentage of patients requiring surgery diminishes. Despite 
this, surgery remains an integral part of management of refrac-
tory disease, malignancy, and complications such as perfora-
tion, obstruction, and  fi stulas. A retrospective study found no 
differences between surgery rates between older and younger 
UC patients  [  61  ] . A cross-sectional study of over 140,000 
American patients with IBD con fi rmed this  fi nding and noted 
a higher rate of undergoing surgery in UC patients younger 
than 65 compared to older patients (20.6% vs. 11.6%)  [  84  ] . In 
one study, Crohn’s patients older than 40 had similar rates of 
surgery than their younger counterparts  [  26  ] . Two other stud-
ies, including the large cross-sectional study mentioned 
above, showed lower rates of operation in older patients with 
CD  [  63,   84  ] . It is important to note that all of these studies 
answer the question of whether older patients undergo sur-
gery more often and not whether or not the severity of their 
illness warrants surgery more often. Older patients are more 
likely to have comorbidities that could be relative or absolute 
contraindications to potentially complicated operations. This 
almost certainly accounts for some older patients with IBD 
who do not undergo surgery (Table  50.3 ).  

 A study of 158 patients with ulcerative colitis who under-
went operations helps elucidate the indications for surgery. 
Twelve percent of patients over 50 years of age underwent 
operations on an emergent basis for perforation, hemorrhage, 
or toxic colitis. When the surgical procedure was elective, 
59% of patients had intractable disease, 27% were found to 
have a mass or stricture, and 14% had evidence of dysplasia 
on biopsies taken during colonoscopy. In 12.6% of the 
patients, dysplasia was discovered in the surgical specimen, 
while 6% were found to have invasive cancer  [  85  ] . 

 A small study found that colonic involvement was more 
common in Crohn’s patients older than 55 who underwent 
abdominal surgery when compared to younger patients. 
Small bowel and ileocecal resections were less common in 
older patients  [  86  ] . Another study found that all 5 of 22 
Crohn’s patients older than 50 who had colonic disease 
underwent surgery  [  59  ] . 

 Overall, older IBD patients tend to have worse outcomes 
after surgery. Older patients were found to have a shorter lag 
time between symptoms and operation. Unfortunately, they 
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also developed recurrent symptoms of Crohn’s disease more 
quickly after surgery when compared to younger patients 
(3.7 years vs. 5.8 years)  [  26  ] . On average, elderly patients 
also experience longer postoperative hospital stays  [  84  ] .   

   Outcomes 

 A higher mortality rate was found in hospitalized IBD 
patients older than 65 when compared to their younger coun-
terparts (odds ration 3.91)  [  84  ] . This  fi nding was con fi rmed 
in a study from Scotland where patients with UC showed 
increasing mortality with age. The 3-year mortality rates 
were as follows: in age group below 50: 1.7%, 50–64: 10.6%, 
older than 65: 39.2% (Table  50.4 )  [  87  ] . Several studies show 
con fl icting results. A retrospective study of 295 patients 
demonstrated that patients diagnosed after age 50 were more 
likely than those diagnosed before age 30 to achieve steroid-
free clinical remission (64% vs. 49%)  [  88  ] . Another study 
demonstrated a lower relapse rate in UC in those over 55. 
However, no information about the rates of immunomodula-
tor or Anti-TNF agent administration was provided  [  15  ] .  

 A retrospective study found an increased risk of colorec-
tal cancer in patients diagnosed with UC after age 40. Older 
patients had UC for 10 years before developing malignancy, 
while younger patients had a 22-year interval between UC 
and cancer  [  89  ] . 

 The extraintestinal manifestations of IBD are listed in 
Table  50.5   [  90  ] .  

  Key Points 

    There are two peaks in incidence of in fl ammatory bowel • 
disease (IBD), one between ages 21 and 30 and the other 
in older patients. Recent studies question a second peak of 
incidence.  
  UC in older adults are less likely to present with weight • 
loss and fever than younger individuals.  
  Older patients with CD are more likely to develop stric-• 
tures or  fi stula.  
  Treatment of IBD in the elderly is complicated by a higher • 
risk for infections, hyperglycemia, lymphoma, hyperten-
sion, and hypokalemia.  
  Evidence for the distinctness of IBD in the elderly can be • 
found in genetic studies. Two MDR1 single nucleotide 
polymorphisms as well as a polymorphism of the IL-1 
receptor antagonist gene have been associated with devel-
opment of UC. Crohn’s patients older than 40 are less 
likely to have affected relatives indicating a weaker 
genetic in fl uence.  
  Overall, older IBD patients tend to have worse outcomes • 
than younger patients. They are also at a higher risk of 
developing colorectal cancer.  

   Table 50.3    Rates of surgery in older patients with in fl ammatory bowel disease   

 References  Year   N   Cutoff age  Crohn’s or ulcerative colitis  Rate of surgery in older patients 

 Wagtmans et al.  [  26  ]   1998  445  40  Crohn’s  Similar rates of surgery 
 Trianta fi llidis et al.  [  63  ]   2001  413  60  UC  Lower rate of surgery 
 Ananthakrishnan et al.  [  84  ]   2009  140,996  65  Both  Lower rate of surgery in both UC and CD 
 Lee et al.  [  61  ]   2010  455  40  UC  Similar rates of surgery 

   Table 50.4    Special features of IBD in the older adult   

 Variable  Comments 

 Second peak of IBD incidence in older adults  Though older data have demonstrated a second peak, newer studies are inconsistent  [  12–  17  ]  
 This may be secondary to improved diagnostic techniques 

 Genetic predispositions to IBD  Two SNPs associated with ulcerative colitis not seen in older patients  [  31,   32  ]  
 Older Crohn’s patients less likely to have affected relatives  [  26,   27  ]  

 Age-related differences in clinical manifestations  Older patients with Crohn’s develop strictures and  fi stulas more frequently  [  60  ]  
 Older ulcerative colitis patients are less likely to present with weight loss or fever  [  48,   61  ]  

 Considerations in treatment  Older patients are at risk for hyperglycemia, hypokalemia, hypertension, and lymphoma, all 
potential complications of certain IBD therapies  [  70,   72,   73,   75  ]  
 Some vaccinations are contraindicated if on anti-TNF agents or purine analogs  [  76–  80  ]  
 These patients with pelvic  fl oor disorders may tolerate enema therapy poorly 

 Outcomes  Older hospitalized patients have a higher mortality rate  [  82,   85  ]  
 The elderly IBD patients have longer postoperative hospital stays and developed recurrent 
symptoms more quickly  [  26,   82  ]  
 A higher rate of colorectal cancer is seen in older patients with IBD  [  87  ]  
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  Older patients nevertheless experience disease character-• 
istics that differ from their younger counterparts. It is con-
ceivable that IBD in the elderly will be reclassi fi ed as a 
separate subtype with adjusted diagnostic and treatment 
recommendations.          
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   Physiology Applicable to Rare Forms of Colitis 
in Older Adults 

 Diarrhea due to colitis in elderly persons might, apart from 
acute infectious colitis and chronic idiopathic in fl ammatory 
bowel disease (IBD), i.e., ulcerative colitis and Crohn’s dis-
ease, be caused by microscopic colitis (MC), ischemic coli-
tis, uremic colitis, radiation colitis, diverticular colitis, and 
drug-induced colitis. These rarer forms of colitis may be 
cumbersome for both patients and their physicians because 
the diagnostic process is often long and time-consuming. 
The pathophysiology and etiopathogenesis remain obscure, 
and the diagnosis frequently relies primarily on endoscopic 
 fi ndings combined with histopathologic evaluation of 
mucosal biopsies. In the absence of a de fi nitive understand-
ing of the etiopathogenesis, treatment is often empirical, and 
the lack of randomized, controlled trials makes it dif fi cult to 
obtain valid evidence of therapeutic ef fi cacy. 

 The aim of this chapter is to summarize the latest data on 
the pathophysiology, epidemiology, clinical features, and 
treatment of noninfectious, non-IBD forms of colitis found 
in older adults in order to provide a guideline for clinical use. 
The data on incidence is provided in Table  51.1 .   

   Microscopic Colitis 

 MC is the generic term for the two distinct disease entities, 
collagenous colitis (CC)  [  1  ]  and lymphocytic colitis (LC)  [  2  ]  
with unknown etiologies  [  3  ] . CC improves or resolves with 
diversion of the fecal stream and recurs after reestablishment 
of gut continuity, suggesting that luminal factors might con-
tribute to the pathogenesis  [  4  ] . Precipitating factors include 
previous infection with  Yersinia enterocolitica ,  Clostridium 

dif fi cile -associated pseudomembranous colitis, various 
drugs, and malabsorption of bile acids  [  5,   6  ] . 

   Epidemiology 

 MC is a common cause of watery diarrhea in older people. 
The incidence is 7.1 per 10 5  inhabitants and 12.6 per 10 5  
inhabitants for CC and LC, respectively, in the United 
States  [  7  ] , i.e., similar to IBD. Patients are diagnosed at a 
median age of about 60 years, with a predominance of 
females (female:male ratio 7.5:1 for CC and 2.1:1 for LC) 
 [  8  ] . CC is associated with autoimmune diseases, such as 
Sjögren’s syndrome, Raynaud’s syndrome, rheumatoid 
arthritis, psoriasis, celiac disease, and hyper- or hypothy-
roidism  [  6  ] .  

   Clinical Features 

 The primary symptom is profuse watery diarrhea which may 
severely affect the patients’ daily activities and quality of 
life. The volume of diarrhea is associated with the intensity 
of lamina propria in fl ammation but not with the other histo-
logical hallmarks of CC  [  9  ] . Approximately 80% of cases 
resolve spontaneously after 3 years; MC is not associated 
with neoplasia development  [  10  ] . 

 The histopathologic characteristics of MC are also found 
in ulcerative colitis and Crohn’s disease, i.e., nodular lym-
phoid hyperplasia and hyalinized  fi brosis  [  11  ] . However, 
with the proper clinical  fi ndings, the diagnosis can be reached 
with almost certainty. Thus, an in fl ammatory in fi ltrate in the 
lamina propria with an increased number of intraepithelial 
CD8 +  T lymphocytes exceeding 20% of the surface cells are 
common to CC (Fig.  51.1 ) as well as LC (Fig.  51.2 )  [  12  ] . In 
CC, a diffusely distributed thickened collagenous band 
exceeding 10  m m is formed beneath the surface epithelium. 
Biopsies should be obtained from both the right and left 
colon, since involvement of the left colon is less frequent 
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than involvement of the right colon, and thus biopsies 
obtained solely from the left colon will miss at least 10% of 
MC cases  [  13  ] .    

   Treatment 

 Budesonide 9 mg/day for 8 weeks for CC yields clinical 
improvement in 81% of patients compared with 17% of 
patients receiving placebo  [  14  ] . Usually, therapy is discon-
tinued after 6–8 weeks, but the high rate of recurrence, often 
requires long-term treatment with low-dose therapy (3 mg 
once daily or every second day). Somewhat weaker evidence 
for bismuth subsalicylate (Pepto Bismol; nine 262-mg tab-
lets daily) and mesalamine in treating CC over a period of 8 
weeks have been reported  [  14  ] . Prednisolone might induce 
remission in MC, but is not recommended due to better treat-
ment alternatives  [  14  ] . 

 In LC, 6 weeks of treatment with budesonide 9 mg/day 
may result in a clinical remission of 86% of patients com-
pared with 48% receiving placebo  [  15  ] . Discontinuing 
NSAIDs and proton pump inhibitors is effective for symp-
tom relief in a number of patients with MC  [  5  ] . 

 Treatment of patients with azathioprine or 6-mercaptopu-
rine has been suggested for patients with corticosteroid resis-
tant MC, but no randomized studies demonstrate ef fi cacy 
 [  16  ] . In patients who experience a relapse soon after a 
 successful course of budesonide treatment, reintroduction of 
a lower dosage may be considered for a prolonged time 
 interval (up to 1 year)  [  17  ] . In case of refractory MC surgery 
might rarely be necessary  [  17  ] .   

   Ischemic Colitis 

 The incidence of ischemic colitis has increased in the United 
States and Western Europe from 5 to 44 cases per 10 5  person-
years in the period from 1976 to 2001  [  18  ] , especially in 
females 65 years or older  [  18  ] , possibly due to improved diag-
nostic methods. Causes of colonic ischemia include decreased 
cardiac output (from arrhythmias, hypotension or hypov-
olemia, arterial thrombosis or embolism), colonic obstruction 
caused by tumors, diverticulitis, peritoneal adhesions, medica-
tions, hypercoagulability states, vasculitis, intra-abdominal 
in fl ammatory or infectious processes, vascular surgery or can 
be found as a complication to endoscopic retrograde cholang-
iopancreatography caused by mesenteric hematoma. 

   Clinical Features 

 The diagnosis of fulminate ischemia requires a high degree 
of suspicion, and is considered in presentations with acute 

   Table 51.1    Incidence of noninfectious colitis   

 Diagnosis  Incidence (per year) 

 Collagenous colitis  7.1/100,000  [  7  ]  
 Lymphocytic colitis  12.6/100,000  [  7  ]  
 Ischemic colitis  44/100,000  [  18  ]  
 Uremic colitis  NA 
 Radiation colitis  NA 
 Diverticular colitis  3% of patients with diverticular 

disease  [  40  ]  
 Drug-induced colitis  NA 

   NA  data not available  

  Fig. 51.1    Photomicrograph of colonic mucosa with collagenous colitis. 
A thickened layer of collagen is formed beneath the surface epithelium 
( arrows ). Tenascin is incorporated into the collagen, which may be used 
to distinguish this layer from the normal basement membrane ( inset ). 
Hematoxylin & eosin, original magni fi cation ×200, insert ×100       

  Fig. 51.2    Photograph of lymphocytic colitis showing the in fl amed 
colonic mucosa in fi ltrated with signi fi cant amounts of cytotoxic lym-
phocytes in the epithelium. In this case, more than 40% of the cells in 
the epithelial layer are lymphocytes. The leukocyte in fi ltration in lam-
ina propria is a mixture of lymphocytes, plasma cells, macrophages, 
eosinophil granulocytes, and occasionally, neutrophils. Hematoxylin 
and eosin, original magni fi cation ×200       
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abdominal pain, bloody stools, and hypotension. Radiologic 
 fi ndings in mild ischemic colitis range from none to bowel 
dilatation, air- fi lled intestinal loops, mural thickening, and 
loss of colonic haustrations. In 20–25% of patients “thumb-
printing” of the colonic wall is seen  [  19  ]  (Fig.  51.3 ). 
Endoscopic examination is the key to diagnosis; the endo-
scope is advanced no further than the affected area to avoid 
perforation.   

   Treatment 

 Acute ischemic colitis will reverse within 24–48 h in two-
thirds of the patients, but endoscopic abnormalities may per-
sist for up to 2 weeks. However, there is little evidence based 
data for management of this disorder; for persistent cases, 
surgery is often required  [  20,   21  ] .   

   Uremic Colitis 

 This rare disorder, secondary to renal failure, possibly results 
from irritant effects of ammonia formed by the breakdown of 
increased urea in the intestinal secretions, although, the patho-
genesis is not entirely clari fi ed. It is frequently seen as a com-
plication in hemolytic uremic syndrome (HUS), characterized 
by the triad of acute acquired Coombs-negative hemolytic 
anemia, thrombocytopenia, and renal dysfunction, including 
hematuria, proteinuria, and variable degree of renal failure. 
Often HUS is related to enteric pathogens (i.e., bacteria 

 producing Shiga toxin or Shiga-like toxins)  [  22  ] ; uremic 
 colitis is characterized by hemorrhagic colonic mucosa. 

 While HUS usually occurs in children, critical gastroin-
testinal bleeding from uremic colitis may be observed among 
adult in-patients at rehabilitation centers  [  23  ] . Uremic colitis 
carries a high mortality of up to 20%  [  24  ] . 

 The true incidence of uremic colitis is unknown. Risk 
 factors include patient demographics, comorbidities and 
medication regimens; i.e., renal disease, diabetes, and use of 
anticoagulants, glucocorticoids, cyclosporine, long-term 
proton pump inhibitors, histamine 2 receptor antagonists or 
antibiotics, many capable of altering the normal protective 
gastrointestinal  fl ora to colonization by enteric pathogens. 

 The institutionalized elderly residents may be at unique 
risk for uremic colitis, predisposed by a characteristic milieu 
with predisposition to serious gastrointestinal infections, 
e.g., dementia, fecal incontinence, and psychosis, in a setting 
of crowded living conditions and communal dining which 
 facilitate behavioral patterns that allow person-to-person 
transmission of gastrointestinal pathogens. 

   Clinical Features 

 The onset of the uremic colitis is usually abrupt. The renal 
dysfunction displays a wide spectrum from minimal abnor-
malities to anuric renal failure with hypertension. The out-
come of the renal disorder is extremely variable from complete 
recovery to irreversible chronic renal failure. The mechanism 
of uremic colitis may, however, differ from the colitis seen in 
patients at intensive care units. Although uremic colitis is sus-
pected in patients with diarrhea, oliguria and anemia, a raised 
blood urea level might be falsely attributed to volume deple-
tion secondary to diarrhea. 

 The cause of uremic colitis is often secondary to HUS 
caused by gastrointestinal infections with enterohemorrhagic 
 Escherichia coli  (EHEC), especially  E. coli 0157:H7   [  25,   26  ] . 
Other pathogenic agents include  Shigella ,  Campylobacter 
jejuni , and  C. dif fi cile   [  27  ] . 

 Sigmoidoscopy or colonoscopy reveals friable mucosa 
with “touch bleeding,” and is nonspeci fi c. Endoscopies may 
additionally exclude rectal ulcer, a cause of acute lower gas-
trointestinal bleeding in the elderly with signi fi cant comor-
bidity. The histological  fi ndings are not similar to those seen 
in IBD  [  28  ] .  

   Treatment 

 Treatment of uremic colitis is targeted to the causing factor, 
most often HUS. No pharmacologic prophylaxis for uremic 
colitis exists. The treatment of HUS is essentially supportive 
and requires  fl uid resuscitation and transfusion of blood and 

  Fig. 51.3    The single-contrast barium enema examination of the isch-
emic colon demonstrates smooth-surfaced protrusions into the lumen 
(thumbprints), shown by  arrows        
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hemodialysis when indicated  [  29  ] . In severe cases plasma-
pheresis combined with fresh frozen plasma replacement 
(plasma exchange) is recommended  [  26  ] . Plasmapheresis 
enables huge amounts of fresh frozen plasma to be given in a 
short time, and may also remove ammonia or yet unknown 
pathogenic factor(s).   

   Radiation Colitis 

 Chronic radiation-induced colitis usually develops 6 months 
to 5 years after oncologic regional radiotherapy  [  30  ] . The 
condition is usually self-limited, but the duration is highly 
variable, ranging from 3 months to 30 years  [  31  ] . 

 Among 304 patients who had received a mean of 50.4 Gy 
pelvic radiation postoperatively for gynecologic malignancies, 
4% developed acute enteritis, 6% had chronic enteritis, and 12% 
had chronic proctitis following a median latency of 2.1 years 
 [  32  ] . After 5 years 14% had proctitis and 7% enteritis in this 
series. Patient age and radiation dose are the only independent 
risk factors associated with complications to radiotherapy  [  32  ] . 

   Clinical Features 

 Following abdominal irradiation, patients receiving more 
than 45 Gy of pelvic radiation may develop diarrhea and 
abdominal cramping  [  33  ] . Endoscopically, the colon shows 
diffuse hemorrhage or hyperemia with    telangiectatic lesions 
(Fig.  51.4 ), or less frequently circumferential ulcers with a 
relatively sharp proximal and distal demarcation.   

   Treatment 

 No therapy stands out as clearly superior, and radiation coli-
tis is rarely curable. The bile acid binding drug, 
cholestyramine, may be effective in preventing radiation-
induced diarrhea if administered in dosages of 4 g three times 
a day prior to radiation therapy  [  34  ] . A low-residue diet com-
bined with kaopectate (bismuth subsalicylate) or opiates, 
such as loperamide or diphenoxylate, may be suf fi cient for 
mild diarrhea. Aminosalicylates and prostaglandin-inhibiting 
compounds may also be considered  [  35  ] . In severe cases, 
oral steroids have been tried with limited success  [  36  ] . 
Sulfasalazine, glutathione, and antioxidants are sometimes 
tried, but their ef fi cacy are unknown  [  37  ] . Radiation response 
modi fi ers (e.g., WR-2721, amifostine, and estrogen) have 
been tested in small studies but are not clinically useful. 
Severe  fi brotic strictures are managed by resection and a pri-
mary anastomosis, which  can be technically demanding due 
to adhesions in the pelvis and a higher risk for  fi stulas and 
anastomotic leaks  [  38  ] . Lactose intolerance and small bowel 

bacterial overgrowth may develop after radiation-induced 
intestinal damage, and the management of these problems 
might reduce symptoms for some patients  [  39  ] .   

   Diverticular Colitis 

 In approximately 3% of persons with diverticular disease, the 
mucosa in the diverticular segments is in fl amed  [  40  ] . This 
diverticular disease-associated segmental colitis, or diverticular 
colitis, is limited to the segments of the colon that harbor diver-
ticulas  [  41  ] . The process is not synonymous with diverticulitis 
and does not share the same histopathologic features  [  42  ] . The 
pathogenesis of diverticular colitis is obscure; in some cases 
NSAIDs may be implicated, since patients with diverticular 
disease taking NSAIDs more often have bleeding  [  43  ] . 

   Clinical Features 

 Diverticular colitis is often subclinical, and the condition 
therefore is likely to be under diagnosed, but the incidence 
and prevalence of the disease is unknown. 

 Patients may present with rectal bleeding, altered bowel hab-
its, mucus discharge, and tenesmus  [  44,   45  ] . Typically, radiol-
ogy shows only diverticular disease, whereas endoscopy may 
reveal changes ranging from mild, nonspeci fi c in fl ammation 
with a granular appearance and erythema to  fl orid in fl ammatory 
changes, including petechial bleeding or frank intramucosal 
hemorrhage with exudates and friability  [  44  ] .  

  Fig. 51.4    Endoscopic picture of colonic telangiectatic lesions in 
 radiation colitis       
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   Treatment 

 No randomized, controlled clinical trials are available, but 
oral treatment with sulfasalazine or mesalazine and topical 
glucocorticoid enemas have been used with some success 
 [  46  ] . NSAIDs should be discontinued. A  fi ber-enriched diet 
has also been suggested  [  46  ] . Antibiotics are used by some 
clinicians, but without good scienti fi c evidence. Surgical 
removal of the area with diverticulas will, given the close 
relationship with the colitides, relieve the patients of all 
symptoms  [  42,   44  ] .   

   Drug-Induced Colitis 

 Medications are among the most frequent causes of diarrhea, 
contributed in large measure by polypharmacy in elderly  [  47  ] . 
The drugs most commonly associated with  gastrointestinal 
adverse effects, including colitides, are the NSAIDs, in part 
due to their wide-spread use, but antibiotics, hormones, central 
nervous system agents, cardiovascular drugs, and chemothera-
peutics all cause gastrointestinal symptoms. 

   Epidemiology 

 As drug-induced colitis appears secondary to drug use, the 
epidemiological data vary considerably. Gastrointestinal 
adverse drug reactions account for approximately 1/5 of all 
adverse drug reactions in nursing homes  [  48  ] , and similar 
results have been found in other adult populations.  

   NSAIDs 

 Among NSAID users, serious lower gastrointestinal tract 
events account for approximately 40% of all reported 
signi fi cant gastrointestinal events  [  49  ] . NSAIDs can cause 
colonic in fl ammation, stricture formation, ulceration, bleed-
ing, and perforation. The in fl ammation and ulceration induc-
ing effects of NSAIDs are ascribed to their antiprostaglandin 
effect through inhibition of the cyclooxygenase pathway, 
leading to production of proin fl ammatory leukotrienes via 
the lipooxygenase pathway. The toxic effects to the colon 
might in fact be enhanced by enteric-coated formulations, 
which decrease side effects to the upper gastrointestinal tract, 
but deliver the active drug at the small intestine and colon.  

   Clinical Features and Treatment 

 NSAIDs commonly cause a nonspeci fi c wide-spread colitis 
mimicking mild ulcerative colitis or Crohn-like segmental colitis 

 [  50  ] . Another presentation is sharply demarcated ulcers within 
macroscopically normal mucosa. NSAIDs may also cause wide-
based circumferential stricture formation with a central pinpoint 
lumen. Ulcers and diaphragm-like structures are often found in 
the right side of the colon. Notably, NSAID colopathy is dif fi cult 
to distinguish from IBD on histologic examination. 

 Although the majority of patients are asymptomatic, patients 
might present with diarrhea (which can be bloody), anemia, 
and abdominal pain. Others present with obstructive symptoms 
or symptoms of perforation and peritonitis. Cessation of 
NSAIDs results in healing of the colitis and NSAID associated 
ulcers within weeks, with improvement of symptoms. Strictures 
might persist after stopping NSAIDs and may require surgical 
resection of the involved segment. It is important to recognize 
that NSAIDs are implicated in speci fi c IBDs including MC, 
Crohn’s disease, and ulcerative colitis, and seem to play a role 
in the development of diverticular colitis  [  6,   43  ] .  

   Antibiotics 

 Antibiotics are frequently associated with diarrhea and coli-
tis. The cause is most likely alteration of the microbiome due 
to the antibiotic effects and growth of speci fi c pathogens like 
 C. dif fi cile , which may cause pseudomembranous colitis 
with diarrhea, fever, and dehydration, especially in the old. 
 C. dif fi cile  associated disease is described elsewhere in the 
book. Certain antibiotics, including ampicillin and tetracy-
cline, are particularly prone to induce diarrhea, by yet 
unidenti fi ed drug-speci fi c mechanisms. 

 The management of antibiotic-induced colitis includes 
cessation of the drug if possible or shifting to an antibiotic 
with a more limited spectrum or treatment of the speci fi c 
infection, e.g.,  C. dif fi cile.   

   Vasoactive Drugs 

 Drugs capable of inducing vasospasms, or in other ways 
lowering the splanchnic blood  fl ow, may induce ischemic 
colitis. These include cocaine, amphetamine, ergotamine, 
and vasopressin analogues.  

   Laxatives 

 Laxatives may cause melanosis coli, a dark-brown discolor-
ation of the colon following chronic use of anthraquinone 
containing laxatives (e.g., senna). The histopathology is 
characterized by lipofuscin-like pigment engulfed by the 
macrophages. The pigment is probably formed after inges-
tion of apoptotic epithelial cells and might thus be a marker 
of increased apoptosis rather than for laxative use per se.  
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   Antineoplastic Drugs 

 Chemotherapies causing neutropenia may induce neutro-
penic colitis or necrotizing colitis caused by bacterial inva-
sion of the mucosa due to the severe immunosuppressed 
states  [  51  ] . Patients present with fever, diarrhea, abdominal 
pain, and tenderness, which can evolve into rebound ten-
derness and abdominal guarding. The CT-scan of the abdo-
men will reveal dilated bowel loops with air- fl uid levels, 
mural thumbprinting, and pneumatosis coli. Histopathologic 
 examination shows bacterial overgrowth with limited 
in fl ammation. Incriminated drugs causing neutropenic 
colitis include adriamycin, cisplatin, cytarabine, cytosine 
arabinoside, 5- fl uorouracil, mercaptopurine, thioguanine, 
and vincristine. Certain chemotherapeutic agents are 
speci fi cally toxic to the intestinal mucosa, e.g., cytosine 
arabinoside.  

   Other Drugs 

 Microscopic colitis can be caused not only by NSAIDs, but 
also by lanzoprazole, ranitidine,  fl utamide, and ticlopidine  [  6  ] . 

 Gold therapy may induce colitis by a hypersensitivity-like 
reaction characterized by peripheral eosinophilia and 
mucosal in fl ammation dominated by eosinophils in some 
cases  [  52  ] . The colitis typically starts during the  fi rst 3 
months of gold treatment. Patients complain of profuse diar-
rhea, fever, and abdominal pain. The diarrhea can be bloody, 
and accompanied by anemia, leucocytosis and eosinophilia. 
Colonoscopy may reveal a diffusely in fl amed colon, with 
ulcerations.  

   Local Effects of Drugs 

 Rectal administration of ergotamine has been associated 
with rectal ulcers, as have the use of NSAID suppositories. 
The symptoms include anal pain, soiling, and tenesmus; 
endoscopy shows a rectal ulcer, often mimicking the  fi ndings 
of the solitary rectal ulcer syndrome. Discontinuing the med-
ication is the treatment. Anorectal stenosis, perforation and 
rectovaginal  fi stulas have been described as complications of 
rectal NSAID use, similar to the tendency to form diaphragm-
like strictures elsewhere in the gastrointestinal tract  [  53  ] . 

  Key Points 

    Rarer forms of colitis among elderly persons, which • 
include colitis not caused by infectious agents or chronic 
in fl ammatory bowel disease, pose a clinical challenge for 
the patient and clinician.  

  Diagnostic and therapeutic principles are listed for micro-• 
scopic colitis, ischemic colitis, uremic colitis, radiation coli-
tis, and diverticular colitis. If drug-induced colitis is suspected, 
the speci fi ed drug should be discontinued immediately.  
  Besides discontinuation of medications in drug-induced • 
colitis and treatment of microscopic colitis, most thera-
peutic principles in management remain empirical.  
  Individualized interdisciplinary discussions between pri-• 
mary physicians or geriatricians with gastroenterologists, 
radiologists, and pathologists are essential for the diagno-
sis and management of these overlooked disorders.  
  Awareness and diagnosis of these rare forms of colitis in • 
older adults may enhance the quality of their life.           
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         Introduction 

 Celiac disease (CD), once considered solely a pediatric prob-
lem has become an entity to be included in the differential 
diagnosis of many presenting complaints in the older adult. 
CD also known as celiac sprue, nontropical sprue or gluten 
sensitive enteropathy, is a chronic small intestinal enteropa-
thy characterized by an autoimmune response in genetically 
susceptible individuals affecting people of all ages world-
wide  [  1,   2  ] . CD presents with a wide spectrum of manifesta-
tions ranging from the asymptomatic state to malabsorption, 
vitamin de fi ciencies, osteoporosis, and neurological disor-
ders (Fig.  52.1 ). In the older adult, CD is a poorly recognized 
entity of growing clinical importance. Up to 34% of patients 
newly diagnosed with CD are older than 60 years of age  [  3  ] .   

   Epidemiology 

 The earliest description of CD was in the  fi rst and second 
century  ad   [  4  ] . In 1887, Samuel Gee (from England) 
described chronic diarrhea and failure to thrive as typical 
manifestations of CD in children. The management utilizing 
diet was  fi rst proposed  [  5  ] . 

 The prevalence of CD in Western population is estimated 
to be as high as 1% and has emerged as a major health prob-
lem that is underdiagnosed  [  6–  13  ] . Population-based studies 
indicate the prevalence in the US to be in the range of 0.5–
1.0%  [  14  ] . In European countries, prevalence ranges from 1 
in 85 to 1 in 540, with 0.55% in adults  [  15,   16  ] . A centralized 
study of 29,212 participants from Europe tested for CD 
con fi rmed the prevalence in adults 30–64 years of age to be 
2.4% in Finland, 0.3% in Germany, and 0.7% in Italy, with 
large unexplained differences in adults across European 
countries  [  17  ] . The prevalence of CD in North India is 1.04% 
 [  18  ] . The increasing prevalence is attributed to better diagno-
sis and true increase caused by various factors. Changes in 
infant feeding (ESPGHAN)  [  19,   20  ] , frequent rotavirus infec-
tions, and other bacterial and parasitic infections are sus-
pected to play a role. A Finnish study suggested that poorer 
socioeconomic conditions might protect against CD  [  21  ] .  

   CD in the Older Adult 

 The true prevalence of CD in the older adult is dif fi cult to 
estimate because many present atypically or have little or no 
symptoms  [  22  ] . There are two groups of celiacs: a group 
diagnosed in earlier life, and continue to do well decades 
later; and a group diagnosed in later life because of atypical 
presentations or late onset  [  23–  25  ] . In the adult population, 
CD occurs in a bimodal distribution, with one peak in the 
fourth and  fi fth decade, predominantly in women, with a 2:1 
to 3:1 female to male ratios and a second peak predominantly 
in men seen in the sixth and seventh decades of life  [  26–  29  ] . 
The prevalence of CD con fi rmed by small intestinal mucosal 
biopsy results in the elderly population can be as high as 
2.13%. In addition, in patients who are not biopsy candidates 
but are seropositive, the total prevalence in some reports may 
be as high as 2.45%  [  23,   24,   30–  32  ] .  
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   Genetics 

 The prevalence of CD is markedly increased in high-risk groups 
with family aggregations of speci fi c genetic markers, HLA 
class II molecules (HLA-DQ2 and HLA-DQ8 haplotypes)  [  33  ] . 
About 90% of individuals carry the DQ2  heterodimer and practi-
cally all of the remaining patients express DQ8  [  34  ] . First-degree 
relatives of individuals with biopsy-proven CD have villous 
atrophy on histology ranging from 4 to 12%  [  35  ] . Second-degree 
relatives also have an increased prevalence, de fi ned only by 
serum antibody tests. Furthermore, the overall prevalence is 
higher in relatives of affected sibling pairs (17.2%)  [  36  ] , monozy-
gotic twins (75%), and HLA-identical siblings (40%)  [  37  ] .  

   Clinical Presentation 

 There is a wide spectrum of symptomatology suggesting CD 
 [  38–  46  ] . Based on the clinical features at presentation, histo-
logical and immunologic abnormalities, four types of clini-
cal manifestations are presented as the celiac iceberg 
(Fig.  52.1 )  [  28,   47–  50  ] . 

 Classic CD is seen in children and is characterized by 
diarrhea, failure to thrive, growth retardation, and malab-
sorption  [  42  ] . In contrast, the clinical presentation of CD in 
the adult population often can be atypical, manifesting as 
nonspeci fi c extraintestinal symptoms or silent  [  51  ] . 
Surprisingly, data from a recent cohort study suggest the pre-
sentation of CD both clinically and histologically to be simi-
lar in young and old adults  [  52  ] . Diarrhea is the major 
presenting symptom in both groups. There is a similar preva-
lence of autoimmune disease, but thyroid disease and neu-
ropathy are more prevalent in the elderly  [  52  ] .  

   Frequent Presentations of CD in the Elderly 

     1.    Anemia 
 Anemia, usually secondary to iron de fi ciency, is often 
refractory to oral iron therapy and occurs in 60–80% of 
elderly patients with CD  [  31,   53–  55  ] . It may also be 
multifactorial, with a lower prevalence of folate 
de fi ciency (about 10%) and B12 de fi ciency (about 5%) 
 [  53  ] . However, in addition to micronutrient de fi ciencies, 
in fl ammation may play a role as evidenced by the pres-
ence of anemia of chronic disease  [  53,   56,   57  ] .  

    2.    Osteoporosis 
 Men more than women suffering with CD are at higher 
risk for osteoporosis  [  58  ] . Approximately 75% of 
patients with newly diagnosed CD have some degree of 
bone loss  [  58–  64  ] . 
 Osteoporosis is mainly a result of long-term nutrient 
malabsorption. Vitamin D de fi ciency occurs in 68% of 
elderly patients. Calcium and vitamin D malabsorption 
can cause secondary hyperparathyroidism, which leads 
to a high rate of bone remodeling and bone loss. 
De fi ciency of magnesium is common. It impairs the 
secretion and action of parathyroid hormone, resulting 
in osteopenia and skeletal fragility. Supplementation 
therapy decreases parathyroid hormone levels and 
improves bone mineral density (BMD)  [  3  ] . 
 The prevalence of osteopenia and osteoporosis is 
highest in newly diagnosed CD and when the disease 
is not in remission. The histological severity does 
not seem to be directly related to BMD  [  65,   66  ] . 
BMD improves following adherence to a gluten-free 
diet (GFD), vitamin D, and calcium supplements  [  65, 
  67,   68  ] . 

  Fig. 52.1    The modi fi ed 
celiac iceberg  [  23,   39,   42,   47–  51  ]        
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 All patients with CD should be screened for osteoporosis. 
Further studies are needed to assess whether mass screening 
for CD in patients with osteoporosis is cost-effective  [  58  ] .  

    3.    Malnutrition 
 Malabsorption contributes to malnutrition in the elderly 
 [  69  ] . Nutritional insuf fi ciencies in CD often manifest as 
extraintestinal symptoms. Initial evaluation for newly 
diagnosed CD includes testing for iron, folate, calcium, 
and vitamin B12 de fi ciencies. De fi ciency of fat-soluble 
vitamins (A, D, E, and K) is common. Other micronutri-
ent de fi ciencies include magnesium, zinc, and copper. 
Clinical manifestations of vitamin A de fi ciency includes 
night blindness, conjunctival dryness, and keratomalacia 
 [  70  ] . Vitamin D malabsorption may result in osteomala-
cia, which clinically manifests as muscle weakness and 
musculoskeletal pain  [  71  ] . Calcium de fi ciency occurs in 
nearly 100% of patients with untreated CD  [  72  ]  from 
malabsorption and downregulation of vitamin D regulat-
ing proteins (located in villous enterocytes)  [  73  ] . 
Manifestations of hypocalcemia such as tetany may 
occur. Low vitamin K levels detected by prolonged pro-
thrombin time from decreased synthesis of clotting fac-
tors II, VII, IX, and X predispose to bruising, bleeding, 
and hemorrhage  [  74  ] . Zinc and copper defi ciencies are 
common in untreated CD  [  75,   76  ] . Disturbed zinc metab-
olism can also result in vitamin A de fi ciency  [  75  ] .  

    4.    Celiac crisis 
 Celiac crisis is a life-threatening syndrome often with a 
clear precipitating factor. The presentation includes pro-
fuse diarrhea and severe metabolic disturbances. 
Treatment with systemic steroids or oral budesonide 
should be considered  [  77,   78  ] .  

    5.    Obesity 
 Patients with CD may be overweight or even obese 
 [  79–  82  ] . Due to high BMI and silent presentation, these 
patients are handicapped by a delay in diagnosis and resul-
tant increased morbidity and mortality. Weight gain may 
also occur following initiation of GFD and replacement of 
high-fat foods for gluten-containing products  [  79,   83–  87  ] .  

    6.    Chronic pancreatitis 
 Exocrine pancreatic insuf fi ciency occurs in 20–40% of 
patients with untreated CD; it is usually mild and revers-
ible after institution of a GFD  [  88,   89  ] . The coexistence of 
chronic calci fi c pancreatitis with CD has been documented 
 [  90–  99  ] .  

    7.    Autoimmune disorders 
 CD coexists with other autoimmune diseases  [  100  ] . 
Prevalence of CD was noted to be 1–19% in type 1 diabe-
tes mellitus  [  101–  105  ] , 2–5% in autoimmune thyroid dis-
orders  [  106  ] , 3–7% in primary biliary cirrhosis  [  107–  109  ] , 
0.4–6% in autoimmune hepatitis  [  110  ] , and 19% in IBD 
 [  111,   112  ] . A common genetic predisposition with shared 
HLA haplotypes and non-HLA alleles is likely. Both CD 

and autoimmune thyroid disease are reported to be associ-
ated with the gene-encoding cytotoxic T-lymphocyte-
associated antigen-4 (CTLA-4). IgA autoantibodies 
against transglutaminase 2, present in the sera of patients 
with CD, react with transglutaminase 2 in thyroid tissue 
and contribute to the development of thyroid disease  [  113  ] . 
The length of exposure to gluten is associated with auto-
immune disease, supporting a causal relationship between 
chronic gluten exposure and dysregulation of innate and 
adaptive immune mechanisms  [  114  ] . A higher prevalence 
of potential celiac disease has been noted in type 1 diabe-
tes; the in fl uence of genetic factors is questioned  [  115  ] .  

    8.    Dermatitis herpetiformis 
 Dermatitis herpetiformis (DH), an intensely pruritic 
papulovesicular eruption located on the extensor sur-
faces of the elbows, knees, and trunk, occurs in about 
25% of patients with CD and may be the initial presenta-
tion of gluten sensitivity in CD  [  116,   117  ] . DH has a 2:1 
male to female ratio, with average age of presentation at 
40 years  [  117,   118  ] . Unlike CD, patients with DH do not 
have an increase risk of malignancy, fractures, or mor-
tality  [  119  ] . In contrast, autoimmune comorbidity is 
similar in both DH and CD  [  120  ] . The basis of therapy 
for DH is GFD,  [  121  ]  with dapsone used for initial 
symptom suppression and  fl are  [  122  ] .  

    9.    Irritable bowel disease (IBS) 
 ROME criteria used for the diagnosis of IBS can be ful fi lled 
by several presenting symptoms of CD, and as such, lead-
ing to misdiagnosis of IBS in patients with underlying CD 
 [  123,   124  ] . Although the increased association between 
these two clinical entities remains unsettled, it is proposed 
to perform serologic testing on patients with diarrhea-
predominant IBS or mixed-type IBS  [  2,   125  ] .  

   10.    Intusussception 
 Intussusception of small bowel is rare in healthy indi-
viduals. However, this may occur in older adults with 
CD warranting exclusion of adenocarcinoma  [  126  ] .  

   11.    Neurology 
 Many rare neurological symptoms are associated with 
CD. In older adults with CD, neurological symptoms are 
mainly presented with neuropathy and ataxia  [  127–  129  ] .      

   Diagnosis 

 No one test can de fi nitively diagnose or exclude CD in every 
individual. A comprehensive history must be obtained, along 
with a thorough physical examination. The clinician must be 
aware, understand, and look for the manifestations of CD. 

 The Diagnostic algorithm of CD is based on ESPGHAN 
criteria published in 1990  [  130  ] . CD is diagnosed when 
typical small intestinal histopathological abnormalities 
de fi ned as hyperplastic villous atrophy are noted in addition 
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to clinical remission on a strict GFD manifest by relief of 
symptoms. Serologic antibody studies include anti-human 
transglutaminase (tTG) test  [  131  ]  and the endomysial anti-
body (EMA) immuno fl uorescence tests; both carry equiva-
lent diagnostic accuracy, though EMA is more expensive 
than anti-tTG. The anti-gliadin antibody (AGA) test is less 
accurate. The newly emerged IgG and IgA antibody to 
deamidated gliadin peptides (DGP) has cross-linkage with 
tTG creating immunogenic epitopes enhancing antigenic 
presentation of gliadin  [  132,   133  ] . Some studies suggest that 
DGP-AGA has comparable diagnostic accuracy to IgA-tTG 
 [  134  ]  and the combined search for IgA-tTG and IgG-DGP-
AGA may provide the best diagnostic accuracy for CD  [  135, 
  136  ] . However, a recent meta-analysis shows IgA-tTG is 
more sensitive than DGP-AGA (Table  52.1 )  [  137  ] . Not all 
patients have positive IgA-EMA or IgA-tTG at presentation 
 [  39  ] . IgA antibody de fi ciency is 10–15 times more common 
in CD than in normal health. When IgA de fi ciency is diag-
nosed, IgG-AGA and IgG-tTG or IgG-EMA test should be 
performed  [  138  ] . Tests to evaluate HLA-DQ2 and HLA-DQ8 
are not an absolute requirement for diagnosis, although CD 
is highly unlikely when both are absent; HLA testing needs 
to be performed only once during the life time.  

 Initial negative serological tests do not exclude the devel-
opment of disease later in life. It is important that all diag-
nostic tests to be performed while the patient is on a 
gluten-containing diet. In patients who are on a GFD for 
more than 3 months without a diagnosis, serological tests 
may be inconclusive necessitating a gluten challenge. The 
duration of gluten challenge and the quantity of gluten nec-
essary to provoke a serological response are not clear  [  38  ] . 

 Intestinal mucosal biopsy is the gold standard for diagnosis 
of CD  [  139,   140  ] . CD affects a highly variable portion of the 
small intestine, with above 95% of the cases involving the 
duodenum and a small percentage with duodenum sparing. 
Therefore routine biopsy may miss a small number with CD 
 [  141  ] . Wireless capsule endoscope (WCE) is a useful test for 
obtaining continuous images of the entire digestive tract and 
to exclude malignancy (see Chap.   24     for picture)  [  142–  144  ] .  

   Histology 

 Mucosal villous atrophy has long been considered the hall-
mark of CD and remains the gold standard in diagnosis  [  145, 
  146  ] . Histopathological changes in CD are characterized by 

typical architectural abnormalities. They are classi fi ed accord-
ing to the modi fi ed Marsh classi fi cation (Table  52.2 )  [  147  ] .  

 Despite a good clinical response, abnormal endoscopic 
and histopathologic appearances persist in the majority of 
patients with CD treated with a GFD  [  148,   149  ] . 

 A diagnosis of CD in the older adult is made with ade-
quate histological and immunological evidence (Fig.  52.2 ). 
Unnecessary dietary restriction should be avoided in an indi-
vidual who because of age, socioeconomic condition, and 
comorbidities may already have many limitations  [  150  ] .   

   Management 

 The management of CD is a strict lifelong GFD which elimi-
nates all forms wheat, rye, barley, and their derivatives. The 
accepted de fi nition for gluten-free from the Codex Committee 
on Nutrition and Foods for Special Dietary Uses is as follows 
 [  151  ] : “gluten-free foods should not contain gluten higher 
than 20 mg/kg in total.” Other studies suggest gluten intake 
in the range of 30–50 mg/day is safe when correlated to his-
tology in the long-term  [  151,   152  ] . Individual variability 
must be borne in mind. Allowance of small or moderate 
amounts of uncontaminated oats in adult with disease remis-
sion is still controversial. However, this allowance can 
increase compliance to the diet by providing patients with 
more food alternatives and also improve the quality of life 
 [  153–  155  ] . Patients should be referred to an experienced 
nutritionist at initial diagnosis and reassessment of the diet at 
each visit should be done to ensure GFD compliance  [  2,   156  ] . 
Lack of response to GFD means intentional or inadvertent 
consumption of gluten or the need to consider an alternate 
diagnosis. It is important to restrict lactose-containing foods 
for a few weeks until the intestine lactase levels are restored. 
Consumption of products such as yogurt, aged cheese, and 
iron containing foods is prudent. 

 There is an extensive list of gluten containing foods that 
should always be avoided. Patients should also steer clear 
from when not clearly labeled gluten-free. The patient should 
focus on what can be eaten as opposed to what cannot and on 
choosing naturally gluten-free products of high nutritional 
value (Table  52.3 )  [  2  ] . The restrictive nature of a GFD is 
challenging. In older adults with existing comorbidity, 
dietary restriction can be extremely complicated. 
Unfortunately, at this time there is no alternate to a GFD.  

   Table 52.1    Serological tests for celiac disease  [  131–  138  ]    

 Serologic antibody studies  Sensitivity (%)  Speci fi city (%) 

 IgA-tTG  98  95–99 
 IgA-EMA  90  95 
 IgA-AGA  70–85  70–90 
 IgG-DGP-AGA  65–94  99 

   tTG  anti-human transglutaminase;  EMA  endomysial antibody;  AGA  
anti-gladin antibody;  DGP  deamidated gladin peptide  

   Table 52.2    Modi fi ed Marsh classi fi cation of celiac disease  [  147  ]    

 Marsh type  Mucosal change 

 Marsh 0  Normal lymphocytosis 
 Marsh I  Intraepithelial lymphocytosis 
 Marsh II  Intraepithelial lymphocytosis and cypthyperplasia 
 Marsh III  Intraepithelial lymphocytosis, cypthyperplasia, 

and villous atrophy 

http://dx.doi.org/10.1007/978-1-4419-1623-5_24
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Strong Clinical Suspicion Moderate or Low Clinical Suspicion

Serology IgA-tTG and IgG-DGP-AGA or IgA-EMA
If IgA deficiency IgG-tTG and EMA

Biopsy Serology 

Positive Negative

Villous Atrophy (Marsh III) Marsh I and II

Celiac disease confirmed Celiac disease not excluded

Gluten-free diet Repeat biopsy 6 months later
Gluten withdrawal and/or 

challenge

normal

Celiac disease unlikely

Suspect Celiac Disease when the Presentation is:

1. Chronic diarrhea                                    6.    In first degree relatives   

2.     Iron deficiency anemia                           7.    Diarrhea prone IBS

3.     Autoimmune disorders                           8.    Vague GI symptoms

4.     Type 1 diabetes mellitus                         9.   Nutritional deficiencies

5.     Early onset osteoporosis                       10.  Unexplained neuropathies

  Fig. 52.2    Approach to celiac disease: a diagnostic algorithm       

   Table 52.3    Diet guide (adapted from Mayo Clinic (www.mayoclinic.com/health/gluten-free-diet/MY01140)   

 Always avoid  Avoid unless labeled “gluten free”  Allowed foods 

 Barley  Beers  Amaranth 
 Bulgur  Breads  Arrowroot 
 Durham  Candies  Buckwheat 
 Farina  Cakes and pies  Corn 
 Graham  fl our  Cereals  Cornmeal 
 Kamut  Cookies  Gluten-free  fl ours (rice, soy, corn, potato, bean) 
 Matzo meal  Crackers  Hominy grits 
 Rye  Croutons  Polenta 
 Semolina  Gravies  Pure corn tortillas 
 Spelt (a form of wheat)  Imitation meats or seafood  Quinoa 
 Triticale  Oats  Rice 
 Wheat  Pastas 

 Processed luncheon meats 
 Salad dressings 
 Sauces (including soy sauce) 
 Self-basting poultry 
 Soups 

 Tapioca 
 Fresh meats,  fi sh, and poultry (not breaded, batter-coated, or maintained) 
 Fruits 
 Most dairy products 
 Potatoes 
 Rice 
 Vegetables 
 Wine and distilled liquors, ciders and spirits 
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 New investigations aiming for easier and more comfort-
able treatment modalities are under active research. At pres-
ent, several options are being investigated: these include 
enzyme supplementation (endoprolyl peptides, endoprotease 
B isoform 2), correction of the intestinal barrier defect 
against gluten entry, blocking of gliadin presentation by 
HLA blockers and tissue transglutaminase inhibitors, cytok-
ines and anticytokines, modi fi ed gluten peptides, and stem 
cell transplantation  [  157–  159  ] .  

   Prognosis and Complications 

   Refractory CD 

 Refractory CD (RCD) is de fi ned as the persistence of clinical 
and histological manifestations or recurrence after an initial 
adequate response, despite strict adherence to a GFD for more 
than 6–12 months  [  160  ] . This is diagnosed in a small percent-
age (1–5%) with adult-onset CD, especially in those over age 
50  [  161  ] . RCD type II has a poor short-term prognosis, 
increased mortality, and a close association with enteropathy-
associated T-cell lymphoma  [  162–  164  ] . RCD type I is rela-
tively indolent, with good response to budesonide  [  165,   166  ] . 
Most recently, small intestinal release mesalamine has been 
found to be a safe and ef fi cacious treatment option  [  167  ] .  

   Malignancy and Mortality 

 Individuals with untreated CD have modest increase in over-
all risk of malignancy and mortality, especially if it is ini-
tially diagnosed late in the clinical course of the disease 
 [  25,   87,   168–  170  ] . Clinical outcomes also depend on dura-
tion of exposure to gluten and the presence of RCD. 

 Increase in mortality is observed notably in autoimmune 
disease such as rheumatoid arthritis, connective tissue dis-
ease, and diabetes  [  171  ] . CD patients have a 30% overall 
increased risk of any malignancy  [  87,   168  ] , speci fi cally in 
gastrointestinal cancers  [  171  ]  and lymphoproliferative can-
cer types  [  172  ]  particularly enteropathy-associated T-cell 
lymphoma  [  173,   174  ] . The association of CD with increased 
mortality and malignancy is not universal. CD detected in an 
older population is not necessarily associated with increased 
risk of either malignancy or mortality. The longest follow-up 
study over 45 years shows the accumulated excess mortality 
does not occur until 25 years after the serum sampling date. 
When CD is diagnosed later in life, it may require a much 
longer follow-up for an increase in mortality to occur  [  1,   175  ] . 
It is important to note that both benign and malignant com-
plications of CD do occur, but they can be avoided by early 
diagnosis and compliance with GFD  [  176  ] . Barring lym-
phoma, the frequency of malignant complications in CD 

appears much lower than indicated by earlier studies; further, 
although neurological or psychiatric conditions occur in 
CD, none are speci fi cally associated with the disease  [  177  ] . 
A population-based study spanning over 25 years suggests 
that the mortality has not materially changed during the 
period; any excess mortality is attributed to deaths from can-
cer, digestive, and respiratory diseases  [  178  ] . As many deaths 
were from pneumonia, there is support for existing guide-
lines on the need to advise pneumococcal vaccination for 
those with celiac disease  [  178,   179  ] . 

  Key Points 

    Celiac disease is being increasingly recognized in the • 
older adult.  
  The diagnosis of celiac disease is established by serum • 
antibody demonstration, small bowel mucosal histology, 
and response to gluten-free diet.  
  The presentation of celiac disease in the older adults is • 
likely to be atypical.  
  Anemia is mostly attributed to iron de fi ciency and less • 
often secondary to vitamin de fi ciency.  
  Celiac disease may predispose to premature osteoporosis.  • 
  Multiple vitamin and trace element de fi ciencies can result • 
in CD.  
  Celiac crisis is a life-threatening presentation with pro-• 
fuse diarrhea and metabolic disturbances.  
  Refractory celiac disease is a serious condition, with • 
signi fi cant morbidity.  
  Several autoimmune disorders may coexist with celiac • 
disease.  
  The management of celiac disease includes strict adher-• 
ence to a lifelong gluten-free diet and replacement of the 
nutrient de fi ciencies that occur with CD.  
  There is a modest increase in intestinal T cell lymphoma • 
in patients with CD.           
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         Introduction 

 Described as early as the seventeenth century, colonic diver-
ticulosis remained an obscure disease until the beginning of 
the twentieth century  [  1–  3  ] . Diverticulosis, essentially a dis-
ease of the older adult, is expected to increase in prevalence 
with the change in demographics. The mere presence of 
diverticula is so common in the older adult that it is often 
ignored and labeled as “normal” for the age. The difference 
in the prevalence of diverticular disease (DD) in various parts 
of the world is striking. Until recently DD was relatively 
uncommon in Africa, Asia, and many parts of South America. 
Sir Dennis, an Irish surgeon who served for many years as a 
physician in Uganda, was impressed with the prevalence of 
the disease mostly in the Western countries and proposed 
that it is a malady of civilization  [  1,   2  ] . The data from devel-
oping nations is occasionally criticized as underestimated. 
Burkitt’s hypothesis that diverticular disease is essentially a 
disease resulting from dietary  fi ber depletion is popular and 
convincing  [  4–  8  ] . 

 “Diverticulum,” a word derived from Latin “diverter,” 
means “to turn a different way.” A diverticulum is a singular 
and abnormal outpouching or herniation of the lining of the 
colon wall, while two or more are known as “diverticula.” 
Diverticulosis denotes the presence of unin fl amed diverticula 
 [  5  ] . “Diverticular disease” is a clinical condition with abdom-
inal symptoms associated with colonic diverticulosis. DD in 
turn may be complicated or noncomplicated. Colonic diver-
ticulosis is a condition associated with multiple diverticula. 
Table  53.1  summarizes terminology pertinent to DD.   

   Epidemiology 

 Colonic diverticulosis is a common radiological or endo-
scopic observation noted in 30% of those over 50 years, 50% 
in those over 70 years, and 66% in the over 85 years popula-
tion  [  7,   9–  14  ] . The exact prevalence of diverticulosis is 
dif fi cult to document since the disorder is largely asymptom-
atic. Apparent increase in prevalence is attributed to  fi ndings 
from screening colonoscopy. 

 The onset of DD is typically noted in the sixth, seventh, 
and eighth decade of life  [  3  ] . Overall annual age-adjusted 
admissions for acute diverticulitis have increased in the 
United States from 120,500 in 1998 to 151,900 in 2005, a 
26% increase. Elective operations for diverticulitis rose from 
16,100 to 22,500 per year during the same period, a 40% 
increase. Poor outcomes in the elderly with emergency 
admissions were also noted  [  15,   16  ] . The epidemiology sug-
gests that older age, the environment, and diet are factors that 
play a role in the pathogenesis of DD. 

 The burden of diverticular disease is estimated at $2.66 
billion annually and is the  fi fth most important gastrointesti-
nal disorder in terms of direct and indirect costs  [  3  ] . Recent 
increase in life expectancy, af fl uence, changes in dietary 
habits, and increased detection of diverticula with imaging 
and endoscopic studies in several Asian nations have resulted 
in an increased recognition of the disease  [  8,   17–  23  ] . Right-
sided diverticulosis is often seen in Asians.  

   Pathology 

 DD (see Table  53.2 ) mostly involves the sigmoid colon, and 
almost never the rectum. Based on the structure, a diverticu-
lum may be classi fi ed as a true diverticulum if it involves all 
layers of the intestinal wall or a false diverticulum (pseudo-
diverticulum) when it has only the mucosal and submucosal 
layers herniated through a defect in the muscularis  [  9,   24–  27  ] . 
The large majority of colonic diverticula on the left side of 
the colon are pseudo-diverticula. Diverticula herniate through 

      Diverticular Disease       

     C.  S.   Pitchumoni          

  53

    C.  S.   Pitchumoni, MD, FRCP(C), MACP, MPH, AGAF   (*)
     Clinical Professor of Medicine ,  Robert Wood Johnson School of 
Medicine, Drexel University School of Medicine ,   Adjunct Professor 
of Medicine, New York Medical College, Valhalla ,    NY   ,  USA    

   Chief, Gastroenterology ,  Hepatology and Nutrition ,   Saint Peter’s 
University Hospital, New Brunswick ,  NJ ,  USA    
e-mail:  pitchumoni@hotmail.com   



512 C.S. Pitchumoni

the bowel wall at weak points in the circular muscle at sites 
where the main blood vessels transit to supply the colonic 
mucosa. The number of diverticula in patients varies from an 
isolated one to hundreds distributed diffusely. Generally, the 
size of each diverticulum is 5–10 mm in diameter, but may be 
as much as 2 cm. Giant colonic diverticula are considered a 
separate entity in which each diverticulum may be as large as 
25 cm. In industrialized nations, the predominant form of DD 
is left-sided (90%)  [  3  ] . A curiosity that is not yet explained is 
the increased prevalence of right-sided diverticulosis in the 
Asian population. Right-sided diverticulosis is more likely to 
cause bleeding, whereas left-sided causes diverticulitis.  

 Abnormally increased intracolonic pressure in the sig-
moid region and disordered colonic motility have long been 
implicated as pathogenic factors in DD  [  28  ] . Sustained seg-
mental contraction results in increased intraluminal pressure 
leading to outpouching of the diverticula. Hypertonicity and 
colonic muscular hypertrophy probably precede diverticula 
formation. It is also possible that muscular changes occur 
after diverticular formation. Intermittent contractions divide 
the colonic lumen into a series of small compartments, 

comparable to “small bladders.” The increased intracolonic 
pressure within these segments of sigmoid colon (increased 
phasic pressure activity) results in substantial outward force 
in the colonic wall, a prerequisite for diverticula formation. 
Protrusion of the mucosa occurs through points of weakness, 
located between the mesenteric and antimesenteric taenia, 
through which feeding blood vessels (vasa recta) penetrate 
the muscle layer. The mucosa of the remainder of the sig-
moid colon, the nondiverticula mucosa, is normal. In a few 
cases the intervening mucosa shows features of ulcerative 
colitis or Crohn’s disease, a form of segmental colitis associ-
ated with diverticular disease. 

 Colonic mucosa is extremely stretchable, allowing for 
easy herniation through the points of weakness in the wall. 
As age advances, the composition of collagen in the colonic 
wall changes and weakness develops. It is often stated that 
DD is a natural consequence of aging and not a discrete dis-
ease. In support of this is the observation that the majority of 
individuals (>80%) with DD have no symptoms or sequela. 

 An overlap in the pathology of in fl ammatory bowel dis-
ease (IBD) and diverticulitis is becoming more and more 
apparent, leading to a new view regarding the pathogenesis 
of diverticulitis. With the  fi nding that chronic in fl ammation 
is part of the pathology of diverticulitis, mesalamine and 
other anti-in fl ammatory agents that are regularly used in the 
treatment of IBD have been examined in the management of 
DD  [  18,   29–  34  ] . Visceral hypersensitivity, motor distur-
bance,  fi ber-depleted diet, and subtle mucosal in fl ammation 
are common factors in the pathogenesis  [  31  ] . DD is consid-
ered to be a form of enteric neuropathy and part of a spec-
trum of intestinal motility disorders.  

   Clinical Features 

   Asymptomatic Diverticular Disease 

 Diverticulosis is asymptomatic in the majority of patients; less 
than 20% experience symptoms, with little need for any speci fi c 
therapy (Table  53.3 ). The role of a high  fi ber diet in preventing 
or reducing symptomatic disease is discussed in another chap-
ter. Diets rich in red meat and fat are associated with a higher 
prevalence of the disease. There is no scienti fi c proof to the 
long held belief that patients with diverticulosis should avoid 
nuts, corn, seeds and popcorn or that consumption thereof is 
associated with an increase risk of diverticulitis  [  35  ] .   

   Symptomatic Uncomplicated 
Diverticular Disease 

 The pathogenesis of symptoms observed in a small number 
of patients is unclear. It has been observed that in patients 

   Table 53.1    Terminology  [  3,   5,   8,   9  ]    

 1. Diverticulum: singular, derived from diverter (Latin) meaning 
“to turn a different way.” Diverticula is the plural term 

 2. True diverticulum: protrusion involving all wall layers 
 3. False (pseudo) diverticulum: pulsion type herniation of mucosa 

and submucosa through a defect in the muscularis, e.g., colonic 
diverticula 

 4. Diverticulosis: presence of multiple diverticula, nonin fl amed 
diverticula and incidental  fi nding in endoscopy or imaging studies 

 5. Diverticulitis: in fl amed diverticula (change in bacterial  fl ora, 
diminished venous out fl ow, and localized ischemia) 
 Uncomplicated diverticulitis: includes phlegmon, peridiverticulitis 
(obstructed diverticulum with a cascade of events) 
 Complicated diverticulitis: abscess,  fi stula, stricture, or full perforation 

   Table 53.2    Pathogenesis of colonic diverticulosis  [  9,   28,   69,   70  ]    

 1. Structural abnormalities in the colon 

 Thickening of muscle wall (myochosis) shortening of the taenia 
(accordion like pleating of folds). Increased elastin deposition 
between the muscle walls 

 2. Motility disorder 
 Higher resting postprandial luminal pressures 
 Segmentation of colon 
 Increased contraction amplitude 
 Retropropagation of contractile waves 

 3. Dietary  fi ber de fi ciency 

 Wide geographic variation in prevalence 

 Consumption of low- fi ber Western diet and association with slow 
transit time and low stool weight associated with increased 
intra-luminal pressure 

 4. Aging 
 Reduction in the tensile strength of the colonic wall with age 
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with DD and a history of diverticulitis with episodes of recur-
rent abdominal pain and impaired bowel function, previous 
intestinal in fl ammation may play a role  [  36–  38  ] . 

 The presence of a chronic low-grade intestinal in fl ammation 
is hypothesized to induce a sensory-motor dysfunction, lead-
ing to symptom development and/or persistence  [  37,   38  ] . The 
concept is gaining strength in view of the recent observations 
in infectious enteritis and IBD. Constipation, IBD, and DD 
are common problems in older adults and may have a com-
mon pathogenic mechanism  [  28  ] . 

 Although uncomplicated diverticular disease is mostly 
asymptomatic, a small number of patients suffer from 
nonspeci fi c abdominal symptoms or recurrent attacks of left 
lower quadrant pain and bloating, exacerbated by eating and 
relieved by defecation, and indistinguishable from the symp-
toms of irritable bowel syndrome. It has been postulated that 
DD is a late complication of irritable bowel syndrome  [  39–
  41  ] . Muscular hypertonicity associated with diverticulosis 
and high-pressure contractions causes the recurrent pain. 
Obviously, one cannot be certain that the symptoms are from 
diverticula. 

 Symptomatic uncomplicated diverticular disease (SUDD) 
patients do not have fever, leukocytosis, or peritoneal signs. 
Tenderness of the left lower quadrant may be the only  fi nding. 
No speci fi c treatment is necessary for asymptomatic or pain-
ful DD. There is bene fi t from a prophylactic high  fi ber diet. 
A guaiac-positive stool or recurrent left lower quadrant pain 
should not be attributed to diverticular disease and requires a 
full colonoscopic examination. Colonoscopy may be dif fi cult, 
but is not contraindicated in this setting. 

 The role of anticholinergics and antispasmodics is ques-
tionable, and in older adult men in particular, anticholin-
ergics may cause retention of urine. Antibiotics and narcotic 
analgesics are not indicated in uncomplicated diverticular 
disease. Amino salicylic acid (5-ASA) is a newer modality 
of therapy based on the concept of “segmental colitis” 
 [  18,   33  ] . Probiotic therapy, discussed elsewhere, is a recent 
addition.  

   Complicated Diverticular Disease 

   Diverticulitis 
   Uncomplicated Diverticulitis 
 A complication of diverticulosis is diverticulitis, which can 
be classi fi ed as complicated or uncomplicated. In uncompli-
cated diverticulitis endoscopy with radiologic signs of 
diverticular in fl ammation are present without complications. 
By contrast, evidence of abscess,  fi stula or perforation 
accompanying endoscopic or radiologic signs of diverticular 
in fl ammation indicate complicated diverticulitis  [  42,   43  ] . 

 About 10–25% of patients with DD eventually present 
with an episode of acute diverticulitis starting with occlusion 
of the diverticular neck by fecalith. The pathogenesis is simi-
lar to appendicitis  [  44–  47  ] . Diverticulitis is in fl ammation of 
a diverticulum, which occurs as a consequence of gross or 
microscopic perforation with extra-luminal pericolic infec-
tion caused by extravasation of feces through the perforated 
diverticulum. The perforation may be walled off and local-
ized. Macro-perforation is the one that leads to a large 
in fl ammatory mass. Stasis or obstruction in the narrow-
necked pseudodiverticulum may lead to bacterial overgrowth 
and local tissue ischemia, similar to appendicitis. Sigmoid 
colon, being the segment with the highest incidence of diver-
ticula, is the frequent site of clinical diverticulitis. 

 A patient with uncomplicated diverticulitis presents with 
left lower quadrant pain which may radiate to the suprapubic 
region, left groin, or back and may be associated with small 
volume diarrhea or constipation, low-grade fever, chills, 
anorexia, nausea, and vomiting. Urinary urgency and dysuria 
may be associated features. Absence of pain does not exclude 
the diagnosis. Rectal bleeding is not a feature of diverticuli-
tis. Differential diagnosis includes Crohn’s disease, cystitis, 
advanced colonic cancer, ovarian cyst with torsion, infectious 
colitis, and ischemic colitis  [  46  ] . With right-sided diverticu-
lar disease, observed more in the Asian population, acute 
appendicitis must be included in the differential diagnosis. 

 Physical examination reveals tenderness over sigmoid 
colon or across the hypogastrium. The distal colon may be 
palpable as a tender, rope-like mass. Involuntary muscle guard-
ing indicates peritoneal irritation. On rectal examination a ten-
der indurated area may be felt at the examining  fi nger tip, and 
occasionally, a  fi rm mass. Stool guaic may be trace-positive. 
Abdominal distention is associated with paralytic ileus or 
small bowel obstruction as a result of in fl ammatory reaction. 
Free perforation and peritonitis are to be diagnosed in pres-
ence of generalized distention and tenderness. 

 The symptoms may be atypical in the very old with 
immunode fi ciency, chronic renal failure, and those on corti-
costeroids. These groups are also at a higher risk for compli-
cations, are less responsive to conservative therapy, and have 
higher postoperative complications and mortality compared 
with immunocompetent and younger patients  [  45,   48,   49  ] . 

   Table 53.3    Clinical spectrum of colonic diverticular disease  [  8–  16, 
  45–  49  ]    

 1. Asymptomatic diverticulosis: an incidental imaging  fi nding 
 2. Symptomatic uncomplicated diverticular disease (SUDD)—

associated with thickening of colonic muscle—mimics IBS 
 3. Bleeding diverticulosis 
 4. Diverticulitis 

 Uncomplicated—perforation of a diverticulum 
 Complicated—obstruction, free perforation,  fi stula, or abscess 
formation 
 Recurrent diverticulitis— fi stula, perforation, stricture 

 5. Incidental diverticulosis—overlapping other intracolonic disease 
such as colon polyps/cancer 
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 Initial laboratory studies would include complete blood 
count, renal and liver function tests, blood cultures, and uri-
nalysis. Imaging studies of the abdomen should be based on 
the clinical situation and may include plain X-ray (erect and 
supine abdominal  fi lm), ultrasound, and/or CT of the abdo-
men. Computed tomography of the abdomen is the right 
choice as the initial imagining study for diagnosis as it has a 
sensitivity of 93–97% and nearly 100% speci fi city. In addi-
tion, CT scan studies can evaluate the extent of the disease, 
diagnose deep pelvic abscesses, and help exclude alternate 
diagnoses such as acute appendicitis, small bowel obstruc-
tion, ovarian pathology, Crohn’s ileitis, and ischemic colitis 
when diverticulitis is not present. Colonoscopy is a very use-
ful procedure, but is generally not performed until after acute 
diverticulitis has resolved. Following treatment of diverticu-
litis with antibiotics, a gentle sigmoidoscopy, or better, a full 
colonoscopy should be performed to exclude coincidental 
colon cancer or polyp. Ultrasonography offers a low cost, 
noninvasive convenient option, but is less sensitive and oper-
ator-dependent. Barium enema is not an ideal option in the 
frail elderly  [  50  ] .  

   Management of Uncomplicated Diverticulitis 
 The older patient with acute diverticulitis often needs hospi-
talization for appropriate  fl uid and intravenous antibiotic 
administration. Because of current longer life span, older 
patients are likely to have more comorbid conditions associ-
ated with a more hazardous course, and a higher cumulative 
risk of complicated episodes  [  51  ] . Comorbid conditions, 
severity of disease, and caregiver availability at home also 
determine the need for hospitalization. If a decision is made 
to treat as an outpatient, close follow-up is required to avoid 
delay in recognition of complications  [  48  ] . 

 The principles of management include bowel rest, appro-
priate antibacterials,  fl uids and clear liquid diet, prevention 
of recurrent symptoms, and addressing infection or conse-
quences of in fl ammation. The antibiotic coverage is for 
mixed aerobic and anaerobic infections, the most common 
organisms being  Escherichia coli ,  Streptococcus , and 
 Bacteroides fragilis . Current choices are antibiotics with 
broad-spectrum coverage such as amoxicillin/clavulanate, 
sulfamethoxazole/trimethoprim with metronidazole or a 
 fl uoroquinolone with metronidazole. If the patient is hospi-
talized, appropriate regimen would include IV aminoglyco-
side and metronidazole or a third-generation cephalosporin. 
Recent studies suggest that a poorly absorbed broad-spec-
trum antibiotic, such as rifaximin, is effective against both 
gram-negative and gram-positive aerobic bacteria for 
uncomplicated diverticular disease, in addition to dietary 
 fi ber supplementation  [  52  ] . 

 Surgical treatment is usually not necessary; less than 
10% of patients admitted to hospital with acute diverticu-
litis require surgery  [  53,   54  ] . The traditional advice in 

regard to surgical treatment for diverticulitis is to perform 
an elective sigmoid resection after two episodes of acute 
diverticulitis (or after a single episode in young patients) 
 [  55  ] , or when complications such as colonic stenosis or 
 fi stulas occur. It is generally believed that the chance of 
recurrence after each episode is at least 33%. Recurrence 
of diverticulitis occurs in approximately one-third of 
patients, often within 1 year  [  56  ] . Recurrence is associated 
with increasing rates of perforation and other complica-
tions, as well as higher morbidity and mortality. Elective 
sigmoid resection can be performed as open surgery or 
laparoscopically.  

   Complicated Diverticulitis 
 Complications include abscess,  fi stula, intestinal obstruc-
tion, perforation, and peritonitis (see Tables  53.4  and  53.5 ).   

   Abscess 
 Abscess may follow an acute episode of diverticulitis. 
Spiking fever and leukocytosis may be present. Physical 
examination may demonstrate a tender mass in the left lower 
quadrant. On rectal examination, a tender mass may be pal-
pated in the cul-de-sac.  

   Fistula 
 Extension of diverticulitis abscess formation may lead to a 
perforation of the colon into (1) enterocolic or colocolic 
 fi stula, (2) colo-vesical  fi stula, (3) colo-cutaneous  fi stula, 
(4) ischio-rectal abscess or perianal  fi stula, and (5) recto-
vaginal  fi stula. CT scan of the abdomen, pelvis cystoscopy, 
contrast radiography, and methylene blue studies establish 
the diagnosis of  fi stula. Treatment is surgical.  

   Perforation and Peritonitis 
 Although any diverticulitis is the consequence of microper-
foration, occasionally a more severe perforation of colonic 

   Table 53.4    Presentation of diverticular disease  [  45–  49  ]    

 Recurrent left lower quadrant pain 
 Lower gastrointestinal bleeding 
 Diverticulitis 
 Intestinal obstruction, diverticular stricture 
 Fistula: enterocolic or colocolic 
 Diverticular abscess 
 Perforated sigmoid diverticulitis with generalized peritonitis 

   Table 53.5    Stages of diverticulitis: Hinchey classi fi cation  [  71  ]    

 Stage I—diverticulitis with con fi ned paracolic abscess 
 Stage II—diverticulitis with distant (pelvic, retroperitoneal) abscess 
 Stage III—diverticulitis with purulent peritonitis 
 Stage IV—diverticulitis with fecal peritonitis 
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wall may cause local or general peritonitis. It is rare to see 
free perforation of a diverticulum into the peritoneal cavity 
leading to a generalized peritonitis.  

   Intestinal Obstruction 
 The sigmoid colon is the most frequent site of stricture for-
mation during or after diverticulitis. A loop of small bowel 
may get involved in the process leading to small bowel 
obstruction. The symptoms of intestinal obstruction may be 
sudden in onset or slow to develop. Fibrotic strictures develop 
after repeated episodes of diverticulitis. CT scan of the abdo-
men and barium studies help diagnose stricture and its loca-
tion. Surgical resection of the involved segment is required. 
In any patient with colonic strictures underlying malignancy 
must be carefully ruled out by colonoscopy, which may also 
help in placing a temporary stent for decompression. Stenting, 
as a temporary measure to relieve colonic obstruction, also 
allows for bowel preparation and subsequent single-stage 
colonic resection  [  8,   57  ] . 

 When there is microperforation, the in fl ammation is con-
tained by pericolic fat and mesentery. Large perforations 
result in abscess, leading to an in fl ammatory mass that may 
extend to other organs.    

   Diverticular Bleeding 
 The features of bleeding from diverticula are: typically sud-
den in onset, painless, brisk and brief, massive, but generally 
self-limiting. Diverticulitis seldom coincides with bleeding. 
Occult bleeding and iron de fi ciency anemia are not features 
of DD. Nearly 40% of lower gastrointestinal bleeding is due 
to colonic diverticula, but bleeding complicates only 5% of 
all cases of colonic diverticulosis  [  58–  60  ] . The bleeding is 
self-limiting in most, but persists in 20%, requiring emer-
gency treatment. A second bleeding episode may occur in 
22–38% of cases and a third recurrence may occur in up to 
50% of patients  [  61  ] . The latter is the rationale for recom-
mending surgery after a second episode. 

 Although most diverticula are located in the left colon, 
there is an observation that in more than one half of the cases 
the site of bleeding diverticula is in the proximal colon  [  62–
  64  ] . The use of NSAIDs may contribute to diverticular bleed-
ing  [  65  ] . 

   Pathophysiology 
 The diverticula typically pass through the bowel wall at weak 
points in the circular muscle layer where the blood vessels 
penetrate. Microangiography in surgical specimens from 
patients with bleeding diverticula shows intimal thickening 
and medial thinning of the vasa recta as it covers the dome of 
the diverticulum  [  48  ] . Only a few diverticula show this arte-
rial change with venous changes not yet clear. In fl ammation 
is not associated with diverticular bleeding. An increased 
risk of bleeding diverticula in NSAID users suggests that 

extrinsic factors may also play a role. Overall, those on 
NSAIDs have more complications from DD, and they are 
serious. The differential diagnosis includes vascular ectasias, 
infectious as well as idiopathic colitis, and neoplasms.  

   Diagnostic Studies 
 The principles of management of gastrointestinal bleeding, 
upper and lower, are discussed in another chapter. The clini-
cal features of diverticular bleeding in the setting of an older 
adult help suspect a diverticular etiology for the lower gas-
trointestinal bleeding.
    (a)    The bene fi t of an emergency colonoscopy within 12–48 h 

of presentation is suggested by recent observations 
 [  66–  68  ] . The preparation for emergent colonoscopy is 
with rapid oral load over 3–4 h or nasogastric purge with 
1 L of polyethylene glycol solution until clear ef fl uent is 
noted. Absence of diverticulosis by colonoscopy leads to 
a search for other sources for the bleed. The criteria used 
to diagnose diverticular bleeding include typical endo-
scopic  fi ndings, such as active bleeding, visible vessel, 
adherent clot, presence of fresh blood within one of 
more bowel segments and diverticular erosion. 
Unfortunately, using these criteria, a diagnosis of lower 
gastrointestinal bleeding can be attributed to diverticulo-
sis in only 20% of cases. However, endoscopy permits 
therapeutic possibilities.  

    (b)    If colonoscopy fails to accomplish a diagnosis, or is 
incomplete, or could not be preformed for any reason, a 
nuclear scan using technecticum-99m-tagged red blood 
cells is a choice. Red blood cells of the patient tagged 
with radioactive isotope are injected into the patient. The 
bleeding site is located with scanning. An advantage of 
radionuclide scanning is that the cells can circulate for 
48 h. Repeated scanning can be performed when there is 
active bleeding if the initial scan is negative. Scanning is 
noninvasive, only localizing the site of bleeding, but 
does not determine its etiology.  

    (c)    Angiography identi fi es the site of bleeding and offers 
opportunity for therapeutic embolization. However, it is 
complementary to colonoscopy, and in fl uenced by avail-
able technical expertise.      

   Management    
 Initial management discussed earlier on gastrointestinal 
bleeding applies equally to diverticular bleeding. Assessment 
of volume and electrolyte status and replacement of  fl uids, 
electrolytes and packed red cells are essential components. 

 Therapeutic endoscopy plays an important role. 
Interventions with injection of epinephrine or bipolar coagu-
lation may lead to decreases in re-bleeding and the need for 
surgical interventions. There is no marker that helps distin-
guish those patients who will stop bleeding spontaneously 
from those who will not. 
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  Key Points 

    Diverticulosis is an age-related anatomic abnormality.  • 
  The prevalence of diverticulosis is over 60% in individu-• 
als over 80 years.  
  Colonic mucosa herniates through the bowel wall at weak • 
points where the main blood vessels enter, resulting in the 
disorder.  
  Increased intracolonic pressure as a result of dietary  fi ber • 
depletion, motility disorder, and age-related structural 
abnormalities contribute to pathogenesis.  
  The clinical spectrum of diverticular disease ranges from • 
asymptomatic (over 80%), symptomatic but uncomplicated, 
complicated diverticulitis, and bright red rectal bleeding.  
  Diverticulitis is a result of microperforation which may be • 
walled off or complicated.  
  “Segmental colitis” is proposed as another mechanism for • 
diverticulitis.  
  Complications of diverticulitis include abscess,  fi stula, • 
intestinal obstruction, perforation, and peritonitis.  
  Uncomplicated diverticulitis can be treated with oral anti-• 
biotics as an outpatient, but some patients require hospi-
talizations, intravenous  fl uids, and antibiotics.  
  Diverticular bleed is bright red and profuse, but self-• 
limiting in most.             
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         Introduction 

 The spectrum of antibiotic-associated diarrheal disorders 
includes the mild but common antibiotic-associated diarrhea 
(AAD), the rare but dramatic hemorrhagic colitis and 
 Clostridium dif fi cile -associated diseases (CDAD).  C. dif fi cile , 
causative agent of the most common nosocomial infection of 
the gastrointestinal tract is responsible for 10–20% cases of 
AAD, depending on the type of antibiotic and individual sus-
ceptibility  [  1  ] . In the older adults CDAD has emerged as the 
most frequent nosocomial infection with substantial morbid-
ity, mortality, and economic burden to healthcare. 

 AAD is a frequent side effect of many antibiotics, usually 
self-limited, and can be treated by discontinuing the offend-
ing antibiotic. AAD is often caused by alterations of gut 
micro fl ora resulting in mild diarrhea secondary to intestinal 
carbohydrate and/or bile acid metabolism and not associated 
with any colonic mucosal lesions. Antibiotic (ampicillin)-
associated hemorrhagic colitis has recently been recognized 
to be the result of  Klebsiella oxytoca  infection and will not 
be discussed in this chapter. 

 The spectrum of CDAD ranges from mild diarrhea to 
pseudomembranous colitis (PMC), complicated by toxic 
megacolon, caused by toxins A and B, and produced by a 
spore-forming obligate anaerobic bacillus. The organism is 

part of the normal fecal  fl ora of many infants, 5% of healthy 
adults, and 10% or more of hospitalized adults without diar-
rhea who have received antibiotics or chemotherapeutic 
agents  [  1  ] . Since the understanding of  C. dif fi cile  as the main 
etiologic factor for PMC in 1974, this anaerobic spore- 
forming bacterium has emerged as the leading cause of noso-
comial diarrhea in adults  [  2–  11  ] . Since 2000 there have been 
reports of epidemics of  C. dif fi cile  in the United States, 
Canada, and Europe associated with a hypervirulent strain 
with characteristics of excess toxin production in vitro and 
resistance to clindamycin and quinolones  [  12,   13  ] .  

   Epidemiology: Past and Present 

 In the United States, the incidence varies from 1 to 20 per 1,000 
hospital admissions, the higher rate being in bone marrow trans-
plant recipients and those who underwent cardiothoracic  surgery 
 [  14  ] . Recently several institutions worldwide have reported an 
increase in the incidence of CDAD  [  13,   15–  17  ]  attributed to 
changing demographics of hospitalized patients, infection con-
trol policies, antibiotic use patterns, and emergence of more 
virulent strains of the organisms. There is a notable rise in com-
munity-acquired cases in comparison to nosocomial-acquired 
infections in the past. CDAD occurs when the patients have a 
decline in their natural gastrointestinal  fl ora that allows for toxin 
production and proliferation of  C. dif fi cile . 

 The importance of CDAD in the geriatric population is 
gaining momentum because of the increase in recurrence 
rates, treatment failures, complications, and mortality  [  18  ] . 
The occurrence of CDAD in individuals without exposure to 
antibiotics is puzzling. 

 The epidemiological characteristics of CDAD vary mark-
edly depending on the antibiotic prescribing patterns, 
endemic strains, and criteria used to de fi ne CDAD  [  19,   20  ] . 
The clinical index of suspicion associated with the frequency 
with which the presence of toxins A and B are assayed in 
stools of suspected patients in fl uence epidemiological  studies 
 [  1,   21  ] . 
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  C. dif fi cile  infection occurs when a susceptible host ingests 
the spores of the organism which colonize the large bowel 
and release the two protein exo-toxins that cause colitis 
 [  21,   22  ] . The heat-resistant spores are normally resistant to 
gastric acid; healthy adults are protected from colonization 
and disease by normal gut  fl ora and by antibody to toxin A.  

   Risk Factors for CDAD 

 Antibiotic use is the major risk factor for CDAD. Ampicillin or 
amoxicillin, cephalosporins, clindamycin, and  fl uoroquinolones 
are most frequently associated with CDAD, though most anti-
biotics, including metronidazole and rifaximin which are used 
to treat CDAD are also known to be causative  [  23  ] . 

 Other than age, comorbid conditions requiring care in the 
intensive care setting, cancer, hypoalbuminemia, chronic 
obstructive lung disease, and chronic kidney disease increase 

the risk for CDAD. Hospitalization and residence in nursing 
homes or rehabilitation facilities are predisposing factors  [  24  ] . 

 Individuals over 65 years have a tenfold higher risk of 
contracting  C. dif fi cile  during outbreaks  [  25  ] . Nasogastric 
tube feeding, severe leukocytosis, and hypoalbuminemia are 
associations with increased mortality  [  18  ] . 

 Recent data suggest prolonged proton pump inhibitor 
(PPI) therapy to be an independent risk factor for CDAD 
 [  26–  28  ] . Because  C. dif fi cile  spores are generally acid- 
resistant, the in fl uence of acid suppression on the occurrence 
of CDAD is unclear. Other risk factors include white race 
and underlying in fl ammatory bowel disease (IBD)  [  29  ] . 
Patients with ulcerative colitis have higher rates of  C. dif fi cile  
infection compared to Crohn’s disease. Patients with IBD 
with  C. dif fi cile  infection encounter increased morbidity, 
longer length of stay, and increased mortality. Exacerbation 
of IBD requires exclusion of CDAD almost as a rule. Risk 
factors for CDAD are listed in Table  54.1 .   

   Table 54.1    Risk factors for  Clostridium dif fi cile -associated disease  [  2,   16,   34,   43,   45  ]    

 1. Advanced age 
 2. Comorbid conditions  Intensive care unit stay 

 Preadmission residence in nursing home 
 Preadmission nasogastric or enteral feeding (particularly postpyloric) 

 Handling tube feed by healthcare workers 
 Contamination of tube feeding 
 Low  fi ber content of formulas 

 Enemas and stool softeners 
 Mechanical ventilation 
 Chronic obstructive lung disease 
 Immunosuppression 
 Chronic renal failure 
 Cancer and anti-neoplastic drugs: examples: doxorubicin, cisplastin, cyclophosphamide, 5- fl uoracil, 
chlorambucil, and methotrexate 
 Gastrointestinal surgery 
 NSAID use 

 3. Reduced gastric acidity  Prolonged use of H2 receptor antagonists or PPIs 
 4. Antimicrobial agents  Frequently associated 

 Occasionally associated 

 Rarely or never associated 

 Ampicillin 
 Amoxicillin 
 Cephalosporin 
 Clindamycin 
 Quinolones 
 Penicillins, other than ampicillin 
 Sulfonamides 
 Erythromycin 
 Trimethoprim 
 Parental aminoglycosides 
 Tetracycline 
 Chloramphenicol 
 Metronidazole 
 Intravenous vancomycin 

 5. Failure to follow institution-speci fi c infection control policies 
 6. Exposure to infected roommate 
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   Bacteriology: The New Virulent Strain 

  C. dif fi cile  produces two cytopathic and enteropathic virulent 
factors, toxin A (or Tcd A) and toxin B (or Tcd B). Toxin A 
is an in fl ammatory enterotoxin that induces  fl uid secretion, 
increases mucosal permeability, and causes enteritis and 
colitis. Toxin B is an extremely potent toxin. Toxins A and B 
are structurally similar and most pathogenic strains produce 
both toxins  [  30  ] . These toxins are encoded by two genes, 
Tcd A and Tcd B, that map to a 19.6 kb pathogenicity locus 
(Pa loc) consisting additional regulatory genes  [  30  ] . However, 
clinically relevant toxin A-negative, toxin B-positive (A−, 
B+) strains of  C. dif fi cile  that cause diarrhea and colitis in 
humans have been isolated  [  31,   32  ] . A third toxin—a binary 
toxin designated CDT (actin-speci fi c ADP—ribosyl tras-
ferase) is found in 1–16% of patients with CDAD; the role of 
the above toxin in the pathogenesis of CDAD is not clear 
 [  33,   34  ] . Outbreaks demonstrating a new toxic strain of 
 C. dif fi cile  have been reported  [  6,   35,   36  ]  in fl uenced by anti-
microbial use patterns, increased virulence or resistance 
among strains and failure in infection control measures. 
Infection with the highly virulent NAP1/027 strain charac-
terized by  fl uoroquinolone resistance and higher levels of 
toxin production than the conventional strains causes a three-
fold higher mortality rate than matched controls with less 
virulent strains  [  22,   25  ] . The effects of host immune responses 
are important but they are not well studied.  

   Clinical Manifestations of CDAD 

 CDAD encompasses a wide spectrum of clinical manifesta-
tions ranging from asymptomatic carriers and those with 
mild brief self-limited diarrhea, to severe diarrhea, colitis 
and diarrhea complicating underlying IBD, septic shock, 
toxic mega colon including need for total colectomy to fatal 
CDAD. The onset of symptoms is usually within 48 h of 
infection. Although hospitalized patients are generally 
infected within 3 weeks of hospitalization, delayed onset of 
CDAD may occur up to 2–3 weeks after infection has been 
reported  [  11,   37  ] . Toxic megacolon must be suspected 
when the transverse colonic diameter is greater than 6 cm, a 
disorder associated with systemic toxicity; mortality can be 
as high as 64%. Severe CDAD mimics ischemic colitis, IBD, 
intra- abdominal sepsis, and diverticulitis. The pathogenesis 
of CDAD involves multiple steps. Initially there is disruption 
of the normal colonic bacterial  fl ora with use of antibiotics or 
anti-neoplastic agents, followed by colonization with toxi-
genic  C. dif fi cile  that elaborates the two toxins A and B 
resulting in mucosal injury.  

   Diagnosis 

   Demonstration of  C. dif  cile  Toxins 

 Diagnostic studies looking at toxins A and/or B include 
enzyme immunoassay (EIA) and cell culture toxicity assay 
performed on stool samples. EIA or tissue culture cytotoxic-
ity assay are considered the gold standard for diagnosis. The 
sensitivity of these tests ranges from 63 to 94% and 
speci fi city ranges from 75 to 100%. Both toxins A and B are 
to be tested and detected in CDAD. Atypical strains produce 
one of the two toxins. The absence of toxin in the stool in 
the initial assay does not rule out CDAD. Stool assays for 
 C. dif fi cile  toxin have signi fi cant false negative rates. 
Detection of toxigenic  C. dif fi cile  in stool samples by real-
time polymerase chain reaction (PCR) for the diagnosis of 
CDAD has turnaround time of less than 4 h and is more sen-
sitive than EIA  [  38  ] ; however, the test is not available for 
routine use. The detection for  C. dif fi cile  toxin in IBD 
patients is challenging and testing of multiple stool samples 
is needed  [  8  ] .  

   Sigmoidoscopy and Colonoscopy 

 Endoscopic examination is not mandatory in the diagnosis of 
CDAD. Sigmoidoscopy may be normal in mild cases; alter-
natively, the characteristic pseudomembrane may be seen as 
yellow or white plaques 2–4 mm in diameter. Since 
pseudomembranes may be proximal and beyond the reach of 
the sigmoidoscope, colonoscopy may be required to detect 
proximal pathology  [  39  ] . The histology in severe cases shows 
focal ulceration of the colonic mucosa associated with the 
eruption of purulent material containing in fl ammatory cells 
and necrotic debris that covers the area of ulceration, and 
termed “summit” or “volcano” lesions. The ACG guidelines 
 [  2  ]  recommend endoscopy in the following situations:

   When rapid diagnosis is needed and test results are • 
delayed or insensitive tests are used.  
  When the patient has an ileus and stool is not available  • 
  When another colonic disease is being considered and can • 
be diagnosed through endoscopy.     

    C. dif  cile  Culture 

 Although in general, culture is not required to diagnose 
CDAD and is not speci fi c for toxin-producing strains, in spe-
cial cases culture permits strain typing. 

 Table  54.2  provides options for diagnosis.    
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   Treatment of CDAD    

 Permanent cure of CDAD warrants reestablishment of nor-
mal fecal  fl ora, eliminating  C. dif fi cile . The principles of 
management include  [  40  ] :
    (a)    Preventive measures  
    (b)    Treatment of initial mild disease  
    (c)    Treatment of recurrences  
    (d)    Treatment of complications and surgery in CDAD     

   Preventive Measures 

   Institutional Steps 
 Attempts to control CDAD require prudent use of antimicro-
bials, prevention of nosocomial infection, and ongoing sur-
veillance. An important step that has shown considerable 
bene fi t in reducing the incidence of CDAD in healthcare 
facilities is enforcement of the practice of meticulous hand 
washing with soap and water by all healthcare providers and 
the practice of contact precautions using sterile gown and 
gloves while caring for patients. It must be emphasized that 
CDAD is a disease spread by spores, and hence alcohol-
based hand sanitizers are ineffective. 

 A well-established hospital-wide infection control pro-
gram, phenolic disinfection for environment cleaning, disin-
fection of rooms with a spore killing bleach, disposable 
medical equipments, and periodic education programs are all 
mandatory steps for the control of CDAD  [  41  ] .  

   Physician Education 
 Clindamycin, cephalosporin, and  fl uroquinolones are the 
antibiotics determined to be associated with the highest risk 
for CDAD. Metronidazole, vancomycin, and aminoglyco-
sides have a lower risk  [  6,   16,   25  ] . Restrictive antibiotic poli-
cies such as antibiotic stewardship are a needed step  [  42,   43  ] . 
Since the evidence for a role of PPIs is mounting, and PPI 
overuse is frequent, it is prudent to be cautious with the 
excessive and prolonged use of PPIs, especially in high-risk 
patients. Antidiarrrheal agents and narcotics should be 
avoided in patients with symptomatic CDAD because of 
their potential to induce toxic mega colon. 

 Table  54.3  suggests preventive strategies to control 
 C. dif fi cile  infection.    

   Treatment of Initial Disease 

 Patients with mild disease characterized by minimal diarrhea 
are managed conservatively by discontinuing the inciting 
antibiotic. In acutely ill patients with suspected CDAD, treat-
ment should be initiated while stool test results are pending 
and in suspected severe cases despite negative stool assays 
 [  22  ] . Those with more severe diarrhea may require oral met-
ronidazole or vancomycin therapy with supportive measures. 
While oral vancomycin is the only FDA-approved treatment 
for CDAD, metronidazole is generally the drug of choice 
because of its low cost and acceptable ef fi cacy in most cases. 
Certainly, it is the recommended drug for mild to moderate 
cases. Metronidazole provides effective therapy with a 
reported response rate of 95–100%. The oral adult dose for 
metronidazole is 500 mg thrice daily or 250 mg four times 
daily for 10–14 days; the intravenous dose is 500 mg four 

   Table 54.2    Diagnosis of  C. dif fi cile  infection  [  57,   58  ]    

 Options 
 Fecal culture 

 Slow, but most sensitive and speci fi c 
 Good for epidemiological studies 

 Screening enzyme immunoassay 
 Sensitive but less speci fi c 
 Detects  C. dif fi cile  glutamate dehydrogenase (GDH) 

 Enzyme immunoassay for toxins A and B 
 Variably sensitive, more speci fi c compared to GDH assay 
 Tests may combine toxin assay with GDH detection 

 Cell culture cytotoxicity 
 Detects stool cytotoxin activity 
 Sensitive, speci fi c, but dif fi cult to perform and slow 

 Polymerase chain reaction (PCR)-based assays 
 Detects gene targets within the locus of  C. dif fi cile  
 Sensitive, speci fi c, but expensive 

 Remarks 
 Testing by EIA and PCR is performed utilizing liquid stools 
 Repeat stool testing within days does not increase diagnostic yield 
and is discouraged 
 Testing in asymptomatic patients is not useful, including use as a 
test of cure 
 Stool cultures in general are essential for epidemiological studies 

   Table 54.3    Preventive strategies for  C. dif fi cile  infection  [  57,   58  ]    

 Use of antibiotics 
 Restrict the use of antibiotics, including the number of antimicro-
bials, and their frequency and duration of use 
 Hospitals and long-term care institutions must use antibiotic 
stewardship to monitor antibiotic use 
 The use of narrow spectrum antibiotics as a general rule is 
encouraged 

 Infection control measures 
 Policies for infection control must be in place and updated as 
indicated 
 Hand hygiene through meticulous hand washing with soap and 
water is most important; compliance needs to be monitored. 
Alcohol-based gels are ineffective 
 Gloves and gowns must be used when entering a room with an 
infected patient 
 Patients with CDAD should be placed in isolation rooms or 
cohorted 
 Cleansing the room and environment entails the use of chlorine or 
sporicidal agents 
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times a day for 10–14 days. Symptoms resolve in >90% of 
patients within a week. Documented hypersensitivity 
is rare, but a contraindication for metronidazole therapy. 
Metronidazole may increase the toxicity of warfarin, lithium 
and phenytoin, through drug–drug interaction; these are 
drugs that older adults may be on. Disul fi ram reaction may 
occur if alcohol is ingested during metronidazole therapy. 
Oral vancomycin is the treatment if metronidazole therapy 
fails or is contraindicated. Vancomycin is the  fi rst line of 
treatment in patients with severe  C. dif fi cile  disease  [  44  ] . 

 The new strain of  C. dif fi cile  is associated with a decreased 
response to metronidazole and a high rate of recurrence  [  8, 
  44–  48  ] . The recommended dose of vancomycin is 500 mg 
four times a day; a lower dose of 125 mg four times a day 
also results in drug concentrations in the colon well above 
the MIC for  C. dif fi cile  and good clinical outcomes.  

   Treatment of Recurrences 

 Recurrent  C. dif fi cile  infection is unrelated to organism resis-
tance to the speci fi c medication used in initial therapy. 
Recurrence is a result of re-infection through the same spores 
or a different strain of  C. dif fi cile  from the environment. 
Although the mechanism of persistent carrier state is poorly 
understood  [  49  ] , the diagnosis of recurrence should be 
con fi rmed with a stool toxin assay (Table  54.4 ).  

 CDAD recurs in about 20% of patients within 2–4 weeks 
of remission following the  fi rst episode. Risk factors for 
recurrence are not clear; a meta-analysis identi fi ed certain 
factors: continued use of antibiotics after diagnosis of CDAD 
( P  < 0.0001), use of antacids ( P  = 0.019), and older age 
( P  = 0.0012)  [  50,   51  ] . Multiple recurrences may occur. It is 
standard teaching to treat the  fi rst recurrence with a second 
course of the same drug used in treatment of the  fi rst episode. 
In view of the changing epidemiology, this approach needs 
to be reevaluated  [  8  ] . 

 Prolonged tapering or pulsed dose of oral vancomycin 
125 mg four times a day for 1 week, three times a day for a 
week, every other day for a week, and  fi nally every 3 days for 
2 weeks may be one approach. Other antimicrobials are 
investigational. Rifaximin 200 mg three times a day for 3 
days  [  52  ]  and nitazoxamide  [  8  ]  are currently being evalu-
ated. Other nonantibiotic investigational agents include tol-
evamer, a toxin-binding polymer, anion-binding resins, 
cholestyramine and colestipol for initial infection as well as 
relapse. These resins have the advantage of not altering the 
normal colonic  fl ora. 

 When a patient has more than two recurrences prior to 
therapy, the diagnosis should be con fi rmed by stool assay. 
Other causes including postinfectious irritable bowel syn-
drome may mimic recurrences. 

 A newly approved macrocyclic antibiotic,  fi daxomicin, in 
doses of 200 mg twice daily for 10 days was noninferior to 
vancomycin 125 mg orally; a signi fi cantly lower rate of 
recurrence was associated with  fi daxomicin and the drug was 
well tolerated  [  53,   54  ] . 

 Case reports suggest ef fi cacy of intravenous immuno-
globulin therapy. Studies are under way on the use of mono-
clonal antibodies and fecal enemas (or stool transplant) from 
a healthy donor to patients with recurrent CDAD  [  55,   56  ] . 
Although it is not yet the standard of care, it has attracted 
much attention.  

   Acute Fulminant Infection 

 Acute fulminant disease in the older adult is associated with 
a high mortality rate. Severe disease occurs during the initial 
infection or  fi rst recurrence  [  22  ] . In patients with impending 
toxic megacolon, temporarily diarrhea may improve or be 
absent. 

 If paralytic ileus is prominent, intravenous metronidazole 
is likely to result in suf fi cient concentrations in the feces and 
in fl amed colon; intracolonic administration of vancomycin 
is useful in some; where colonic perforation is imminent it is 
prudent to stop oral and rectal therapy  [  57,   58  ] . Despite lack 
of data, higher doses of vancomycin (500 mg in 100 mL 
saline four times daily) may be prudent via oral or rectal 
route  [  58  ] . In addition, oral feeds may be withheld and sub-
stituted for parenteral nutrition. Surgical consult should be 
obtained since a small number of patients require emergency 
colectomy. 

 Predictors of fatal outcome are poorly de fi ned and contro-
versial. Older age, low albumin, postorgan transplantation, 
higher APACHE II score, higher ASA class, preexisting pul-
monary or renal disease, use of steroids, evidence of toxic 
mega-colon, and higher WBC counts are all factors to be 
considered.  

   Table 54.4    Recurrent CDAD  [  57,   58  ]    

 Relapses occurring within 1–2 weeks after stopping antibiotic 
treatment or increasing stool frequency over 2 consecutive days 
 Recurrent episodes of spores germinating may be re-infections and not 
recurrence 
 If relapse occurs following a second course of treatment, rule out other 
causes for diarrhea, the patient could be an asymptomatic carrier 
 Repeat stool toxin assays are not indicated after treatment if the 
patient is asymptomatic 
 About 50% of patients have positive stool assays up to 6 weeks 
following completion of treatment 
 Initial treatment is the same as for the  fi rst episode; second or 
subsequent recurrence is treated with vancomycin with a pulsed/
tapering dose 
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   Surgery in CDAD 

 In patients with fulminant disease and toxic mega colon, 
emergency subtotal colectomy is a consideration. It is an 
extremely dif fi cult decision to choose surgery for a disease 
which, until recently, was considered medically manageable. 
Systemic signs of severe infection such as fever, leukocytosis, 
severe abdominal pain, toxic mega colon, shock requiring 
vasopressors, lack of response to medical therapy, peritoneal 
sepsis, and perforation are indications for surgery  [  59,   60  ] . 

 It is prudent to consider early surgery in at-risk patients 
such as those aged more than 65 years with comorbidities 
and marked leukocytosis  [  61  ] . The goal for surgical inter-
vention is to operate before elevation of serum lactate and 
white blood cell counts or multi-organ failure develops. 
Subtotal colectomy is associated with a better outcome than 
hemi-colectomy  [  60  ] .   

   Probiotics 

 The topic of probiotics is covered in chapter 11.  C. dif fi cile , 
being an opportunistic infection, colonizes the colon only 
after the normal colonic bacterial  fl ora has been altered by 
antibiotics. Treatment with  Saccharomyces boulardii , a non-
pathogenic yeast at 1 g/day for 4 weeks along with oral van-
comycin (2 g/day for 10 days), compared to the group on 
vancomycin plus placebo, produced a signi fi cantly lower 
rate of recurrence (16.7% vs. 50%)  [  62  ] . 

 Current evidence supports the ef fi cacy of  S. boulardii  in 
the prevention of antibiotic-associated recurrent CDAD 
in adults, whereas  Lactobacillus rhamnosus  (LGG) is use-
ful in the treatment of AAD in children. Based on the obser-
vation that recurrences are re fl ections of the host immune 
response, IV immunoglobin (IVIG) has been tried  [  63  ] . 
A vaccine has been developed to promote production of anti-
toxin A antibody  [  64  ] .  

   Special Considerations in Older Adults 

 Guidelines from the Australasian Society for Infectious 
Diseases for the diagnosis and treatment of  C. dif fi cile  infec-
tion mention that  C. dif fi cile  is the most common cause of 
healthcare-associated and AAD; it appears that hypervirulent 
strains have also hit Australia; the strategies for management 
of CDAD are similar to those in the United States  [  57,   58  ] . 

 “ C. dif fi cile  now is a different disease than it was in 
1995,” with mutations of the bacterium transforming a 
rare nosocomial infection to one that can spread from hos-
pitals to community and infect healthy individuals with 
few risk factors  [  65  ] .  C. dif fi cile  infections have surpassed 
methicillin-resistant  Staphylococcus aureus  infections in 

at least one group of community hospitals. New therapies 
may be on the horizon, including the use of two novel neu-
tralizing fully human monoclonal antibodies against toxin 
A and B for secondary prevention of infection as a single 
infusion; in the antibody group recurrent infection devel-
oped in 7%, compared to 25% of the placebo group, for a 
reduction of 72%  [  66  ] . Thus far only antibiotics have been 
the mainstay of treatment for an antibiotic- associated con-
dition, and so the no-antibiotic approach offers hope; it is 
relevant that in the study the mean age was 64 years (range 
20–101 years), and as age more than 65 years is associated 
with risk of recurrence by a factor of 6, older patients will 
bene fi t from secondary prevention  [  67  ] . 

 Further, the hypervirulent mutations of  C. dif fi cile  infec-
tions tend to spread rapidly in long-term care facilities which 
are vulnerable to importation of strains as residents are typi-
cally admitted from referral sources; clonal infections due to 
cross-contamination from asymptomatic residents and carriers 
can occur quickly, necessitating strategies for prevention and 
control in the nursing home environment  [  68  ] . The entire staff 
requires to be educated; in this regard the housekeepers (most 
“invisible” of healthcare workers) can play an important role 
 [  68  ] . In a Veterans hospital, transfers within the past month 
from an af fi liated long-term care site played a signi fi cant role 
in development of outbreaks  [  69  ] . Recent data underscore the 
need to consider the role of asymptomatic colonized patients 
in  C. dif fi cile  transmission in healthcare settings  [  70  ] . 

 Older adults suffer from vague upper gastrointestinal 
complaints that are often treated with PPIs (as stated earlier); 
PPI use during incident  C. dif fi cile  treatment was associated 
with 42% increased risk of recurrence in a large study  [  71  ] . 

 In summary, the epidemiology of CDAD has changed 
over the decade, with a dramatic worldwide increase in inci-
dence. The incidence of treatment failures has increased 
emphasizing the need for alternate agents  [  72  ] . Infection 
control measures are key to preventing horizontal transmis-
sion of infection  [  72  ] . They include implementation of infec-
tion control policies in hospitals and institutions to enforce 
hand hygiene and the appropriate use of antibiotics in 
general  [  73  ] . Further studies will help defi ne the role for 
doxycycline in protecting against the development of  C. dif-
fi cile  infection  [  74  ] . Immune based strategies relying on 
active vaccination or passive monoclonal antibody adminis-
tration are the focus of intense research  [  75  ] . 

  Key Points 

    Antibiotic-associated diarrhea occurs in over 5% of • 
patients receiving antibiotics.  
   • Clostridium dif fi cile -associated diseases (CDAD) relating 
to antibiotic use is currently among the most common 
health facility-acquired infections.  
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   • Clostridium dif fi cile  is an aerobic spore-forming bacillus 
that produces at least two toxins A and B.  
  Major risk factors for CDAD include age over 65, chronic • 
kidney disease, tube feeding, gastric surgery, immune sup-
pressed states, hospitalization, and recent antibiotic use.  
  Epidemics of a new virulent toxic strain (NAP1/B1) have • 
emerged.  
  Diagnosis of CDAD is made by stool toxin assay and sig-• 
moidoscopy or colonoscopy.  
  CDAD may be mild to severe, recurrent, resistant to treat-• 
ment, and associated with serious complications.  
  Prevention is the key: CDAD an example of an antibiotic-• 
induced condition, requiring antibiotics for a cure. In gen-
eral, the judicious use of antibiotics is recommended.  
  Effective isolation measures and education of staff in • 
general.  
  Hand hygiene, patient isolation, and cleansing the envi-• 
ronment are relevant preventive measures.  
  Metronidazole or vancomycin given orally is the recom-• 
mended initial therapy.          
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 Gastrointestinal infections are common in the geriatric 
population and the presentation is often subtle or atypical. 
Several predisposing factors in the aged, in addition to a 
background of comorbidity and diminished physiological 
reserves, cause the aged to become susceptible. The defense 
may be immune and nonimmune. Alterations in systemic 
immunity involve adaptive (antigen-speci fi c) immunity 
involving cell-mediated and humoral immune responses 
and innate immunity. Both quality and proportion of T 
helper and T suppressor cells decline with age. Secretory 
IgA antibodies are T cell-dependent and may be altered, 
further contributed by a decline in Peyer’s patches which 
generate the immune response. Besides a decline in T cell 
and B cell function, there is reduced T Cell CD28 expres-
sion with age. An increase in autoantibodies also occurs. 
Proneness to infections is also contributed by nonimmune 
mechanisms. These include a decline in gastric acidity con-
tributed to by disorders such as chronic gastritis or by agents 
that reduce gastric acidity, delayed gastric emptying, altera-
tions in small intestinal motility with bacterial overgrowth, 
and other factors. Infections due to opportunistic pathogens 
may not be recognized as the elderly are not considered to 
be immunocompromised. Yet, in spite of atypical presenta-
tions, infections in the old must be recognized at an early 
stage and treated to reduce morbidity and mortality  [  1–  8  ] . 

   General Principles 

 The utilization of antibiotics and knowledge of sensitivity 
or resistance based on suspected organism (Table  55.1 ) and 
the use of empiric antibiotics for enteric infections in the 

elderly may be relevant in certain situations (Table  55.2 ). 
Dosing of antimicrobial agents must be adjusted for renal 
function. It is worth recognizing that older adults with a 
normal serum creatinine value may in fact have a lower 
than expected glomerular  fi ltration rate (GFR); this is par-
ticularly true in the frail old with low muscle mass. As a 
general rule, it is relevant to assess renal function in older 
individuals through the use of an acceptable formula. 
Indiscriminate use of antibiotics with failure to adjust drug 
dosage for several factors matters. Variables that need to be 
considered include renal and hepatic function, body weight, 
body fat, and  fl uid status. Treatment should never be worse 
than the disease; the use of injudicious antimicrobials and 
consequent  Clostridium dif fi cile  infections is an example. 
Some of the adverse drug effects (such as vertigo, renal 
failure) may be irreversible and could render the frail old 
disabled. Use of antimicrobials is always a supplement to 
several basic steps in management such as the maintenance 
of hemodynamic stability through prompt and aggressive 
replacement of appropriate  fl uids and electrolytes. Earlier 
hospitalization and critical management may be necessary 
earlier in older adults.    

   Host Defense 

 Normally, the majority of ingested microorganisms never 
reach the small bowel because of the inhibitory effect of gas-
tric acid (pH < 4). Administration of acid-reducing agents can 
result in a reduction of the infecting dose of cholera and 
salmonella. Increased susceptibility to  Giardia lamblia, 
Strongyloides stercoralis,  and  Diphyllobothrium latum  is 
observed in patients with achlorhydria or hypochlorhydria. 
Many older people have a decline in gastric acid from age-
associated disease and even more likely from acid-reducing 
agents; consequentially, the old are highly susceptible to 
enteric pathogens  
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   Pathogenesis 

 Enteric pathogens cause disease by production of toxigenic 
enterotoxins or through invasion of epithelial cells resulting 
in tissue destruction and ulceration (invasive). Some patho-
gens produce toxins outside the host, while other organisms 
are ingested and produce toxins in the intestinal tract. Invasive 
pathogens attack, penetrate, and destroy mucosal cells. 
Pathogens like  Escherichia coli  0157:H7,  Shigella , and 
 Vibrio parahemolyticus  produce toxins (Shiga toxin or 
Shiga-like toxin) that are cytotoxic to cultured cell lines. 
Several strains of  E. coli  (0157:H7, EPEC) can attach to the 
mucosa and induce secretory diarrhea through increase in 
intracellular calcium (signal transduction)  [  9–  11  ] . 

  C. dif fi cile- associated diarrhea and Helicobacter pylori 
infections are addressed elsewhere in this text.  

   General Manifestations 

 Patients infected by toxigenic (enterotoxin) pathogens are 
usually afebrile, nontoxic looking. Obvious clinical signs 
may be absent. In the frail elderly, subtle clinical manifesta-
tions are common and may be limited to just a change in 
functional status. The presentation may be decline in func-
tion, new onset of confusion, incontinence, falls, decreased 
mobility, or failure to cooperate, all from infection 

 Toxigenic pathogens usually affect the small bowel; diar-
rhea is usually voluminous with crampy abdominal pain. 
Illness is self-limited and the patient improves in 3–10 days. 
Invasive pathogens, on the other hand, are frequently accom-
panied by systemic features such as fever and malaise. The 
colon and rectum may be involved, therefore the presentation 

may include tenesmus and urgency, with small but frequent 
bowel movements. Blood and mucus may be present. Most 
infections are self-limited, but treatment with appropriate 
antibiotics addressing suspected organisms decreases the 
duration of illness (Table  55.1 ).  

   Acute Syndromes 

 The incubation period of diseases due to ingestion of pre-
formed enterotoxin, as with  Staphylococcus aureus  and 
 Bacillus cereus , are short, usually just hours. Foods impli-
cated in  S. aureus  outbreaks are salads, pies, gravy, cakes, 
and mayonnaise. Contaminated foods are normal in color, 
odor, and taste. Grains (rice) are normally contaminated with 
 B. cereus  spores and prolonged heating will in fact facilitate 
growth of the organism with resultant toxin production. The 
symptoms for both organisms are identical: nausea, vomit-
ing, headache, and occasionally, mild diarrhea. The illness is 
self-limited, usually lasting about 24 h, and treatment is sup-
portive. Diagnosis is made by history and/or demonstration 
of the organism by culture of the suspected food or vehicle. 
Therapy is supportive. 

   Abdominal Cramps, Diarrhea, Low Grade 
or No Fever, Changes in Mental Status 

 The major etiologic agents for this syndrome are  E. coli, 
Vibrio species, B. cereus, Clostridium perfringens ,  Rotavirus, 
and Norovirus . Symptoms include watery diarrhea and 
cramps, with no tenesmus or urgency. Vomiting and fever 
(>102°F) occur infrequently, the presence of which probably 
excludes these pathogens. Illness usually lasts 24–48 h and 

   Table 55.2    Empiric antimicrobials in older adults   

 Indications for early institution of antimicrobials prior to establishing a diagnosis 
  High fever 
  Bloody diarrhea 
  Presence of shock or hypotension without an obvious explanation such as bleeding 
  Alteration in mentation or delirium, unexplained by other basis 

   Table 55.1    Gastrointestinal infections and antibiotic sensitivity   

 Drug   Salmonella    Shigella    Yersinia    E. coli    Vibrio    Campylobacter  

 Cipro fl oxacin a   a++++  ++++  ++++  ++++  +++  a+++ 
 Azithromycin  ++++  +++  +++  ++++  +++  +++ 
 Sulfa/trimethroprim  +++  +++  +++  +++  +++  +++ 
 Ceftriaxone  ++++  ++++  ++++  ++++  +++  +++ 
 Rifaximin b   –  –  –  ++++  –  – 
 Erythromycin  –  –  –  –  –  ++++ 

   a Majority of  Salmonella  and  Campylobacter  from Asia are resistant to cipro fl oxacin 
  b Contraindicated in the presence of fever or bloody stools  
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treatment is primarily supportive with use of oral rehydrating 
solutions, although the duration of illness ( E. coli  and  Vibrio ) 
can be shortened by antibiotics  [  12,   13  ] .  

   Shiga Toxin-Producing Gram negatives 

    Syndrome due to  E. coli  strains, and other gram negatives, 
produce Shiga-like (verotoxin), a cytotoxin designated SLT I 
and/or II. While most commonly the etiology is O157: H: 7 
(36%), other gram negatives can cause the same syndrome. 
Outbreaks result from ingestion of contaminated beef prod-
ucts and water or other food contaminated by farm animal 
feces (Table  55.3 ). Person-to-person transmission can occur, 
with 8% of close contacts of infected patients developing the 
syndrome and at risk for Hemolytic Uremic Syndrome 
(HUS) (Table  55.4 ). Shiga toxin producing  E. coli- associated 
HUS carries serious sequelae (Table  55.5 ). The diagnosis is 
made by demonstrating Shiga toxin from the stool  [  14  ] .     

   Invasive Pathogens Presenting as Fever, 
Abdominal Cramps, Diarrhea 

 The major etiologic considerations for this syndrome are 
 Salmonella, Shigella, Campylobacter jejuni, Yersinia entero-
colitica,  and  V. parahemolyticus . Clinical presentations are 
identical for all pathogens. Incubation period is around 
16–72 h; stools may contain mucus and blood. Systemic 

symptoms (fever, malaise) are the rule, with vomiting in 
35–80% of patients. These pathogens usually affect the 
colon/rectum, with resultant tenesmus and urgency. Illnesses 
usually resolve within 2–10 days, and earlier with appropri-
ate antibiotic therapy.  Campylobacter  is worldwide in distri-
bution and a commensal in the gastrointestinal tract of cattle, 
sheep, swine, dogs, cats, rodents, and fowl. Most infected 
animals serve as chronic asymptomatic carriers. Infection 
results either from direct contact with an infected animal or 
ingestion of poorly cooked contaminated meat.  Campylobacter  
species are usually susceptible to erythromycin and azithro-
mycin.  Y. enterocolitica  has a natural reservoir in cattle, pigs, 
rodents, rabbits, horses, dogs, and cats. Infection results from 
direct contact or food-borne, through contaminated water or 
milk products; a unique complication is mesenteric lymph-
adenitis, which may be misdiagnosed as acute appendicitis. 
The recommendation would be to treat the elderly with anti-
microbial agents such as cipro fl oxacin. For each disease, 
prevention strategies and microbiology related evidence-
based guidelines should be adopted. In addition, to minimize 
the spread of gastrointestinal infections through endoscopic 
procedures, appropriate methodology for endoscope repro-
cessing must be followed, although the guidelines are not 
consistent  [  15–  22  ] .  

   Listeriosis 

 Listeriosis, a serious food-borne infection, carries a high 
30% mortality rate. The disease primarily affects older 
adults, especially those immuno-compromised.  Listeria 
monocytogenes  is commonly found in soil and water; ani-
mals can carry the bacterium without appearing ill and con-
taminate foods of animal origin, such as meats and dairy 
products. Listeriosis usually presents with muscle aches, 
sometimes preceded by diarrhea or other gastrointestinal 
symptoms. Almost everyone diagnosed with listeriosis has 
“invasive” infection, where the bacteria spread beyond the 
gastrointestinal tract. Symptoms, in addition to fever and 
myalgia, may include headache, stiff neck, confusion, loss of 
balance, and convulsions. In particular, those vulnerable to 
serious illness include the elderly, the immunocompromised 
such as posttransplant recipients and following chemother-
apy or corticosteroids, cancer, diabetes, alcoholism, liver, 
and kidney disease. Persons with AIDS are almost 300 times 
more susceptible to listeriosis than people with normal 
immune systems. Prevention is addressed through several 
measures; these include avoiding ingestion of processed 
meats such as cold cuts unless heated to 165°F; washing 
hands after handling hot dogs, luncheon meats, and deli 
meats; and avoiding ingestion of soft cheeses, unless made 
with pasteurized milk. Canned and shelf stable tuna, salmon, 
and other  fi sh products are safe to eat. 

   Table 55.3    Transmission of Shiga toxin producing  E. coli    

 Ground beef  43% 
 Milk   4% 
 Other beef products   6% 
 Noncattle sources: apple cider, fermented sausages, 
mayonnaise, salads 

  6% 

 Water   6% 
 Person-to-person infectious dose of 50–100 organism/mL  20% 

   Table 55.4    Clinical presentation of Shiga toxin producing  E. coli    

 Urgency or tenesmus, with small quantity of bloody stool 
 Hemolytic uremic syndrome 
 Thrombotic thrombocytopenic Purpura 
 Diarrhea, mild, watery, and frequently bloody 

   Table 55.5    Sequele of Shiga toxin producing  E. coli    

 Poor outcome (11%) 
 End stage renal disease (3.6%) 
 Cerebrovascular disease (brain infarcts) (3.6%) 
 Chronic renal disease and hypertension 
 Proteinuria, with reduced renal function (51%) 
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 The clinical diagnosis is con fi rmed only after isolation of 
 L. monocytogenes  from an infected site, such as blood or 
stool (or other sources).  L. monocytogenes  can be isolated 
readily using routine media. Serological tests are unreliable 
and not recommended at the present time  [  23,   24  ] . Treatment 
involves the use of ampicillin and sulfa/trimethoprim in those 
allergic to penicillin  

   Travelers Diarrhea 

 Depending on the area visited, 21–100% of travelers may 
develop acute diarrhea. The pathogens implicated may vary. 
Symptoms develop 3–15 days after arriving in the area and 
include malaise, abdominal cramps, and watery diarrhea, 
and occasionally, nausea and vomiting. The illness is usually 
self-limited, lasting 1–5 days, but some continue to be sick 
for 5–10 days. Individuals on H2 blockers and PPI are at 
increased risk for traveler’s diarrhea, due to a decline in pro-
tection offered by normal gastric acidity. Hence, older adults 
on acid reducers must be considered for prophylactic antibi-
otics instead of preemptive therapy  [  25–  29  ] .  

   Noroviruses 

 Noroviruses (genus  Norovirus,  family  Caliciviridae ) are a 
group of single-stranded RNA, nonenveloped viruses that 
cause acute gastroenteritis. The most common manifesta-
tions include diarrhea, vomiting, and abdominal pain. 
Norovirus is highly contagious and can spread from person 
to person, through the fecal-oral route. Norovirus is now rec-
ognized as the leading cause of food-borne disease outbreaks 
in the United States. Outbreaks are common in the institu-
tional settings, such as nursing homes, cruise ships, and dor-
mitories. Acute gastroenteritis due to norovirus is a serious 
illness, more so in those unable to drink enough  fl uids to 
replace losses from vomiting or diarrhea. Treatment is pri-
marily supportive, and there is no lasting immunity  [  30–  34  ] .  

    Cryptosporidium parvum  Infection 

 Infection secondary to  Cryptosporidium parvum  is increas-
ingly being recognized as an important pathogen in the 
elderly and causes signi fi cant morbidity and mortality from 
dehydration, with poor outcomes. This pathogen is fre-
quently associated with chronic diarrhea in patients with 
AIDS. It is an often unrecognized pathogen in the elderly 
and the diagnosis missed as testing for cryptosporidium 
requires a speci fi c test not routinely offered by the labora-
tory. Older patients need to be tested for cryptosporidium 
speci fi cally since treatment differs from that offered for other 

causes of diarrhea. Diagnosis is made by acid fast smear of 
the stool or direct  fl uorescent stain using monoclonal anti-
bodies against cryptosporidium. Azithromycin has been used 
with some success  [  35–  38  ] .   

   Intraperitoneal, Hepatic, and Splenic Abscess 

 Secondary peritonitis develops when the peritoneal cavity is 
contaminated by organisms from a ruptured viscus. The 
microbial  fl ora always re fl ects the source. A colonic leak such 
as from the appendix, diverticuli, or malignancy is almost 
always secondary to mixed aerobes and anaerobes. Peritonitis 
from a biliary source is usually secondary to aerobic gram 
negatives and enterococci, as anaerobes are uncommon patho-
gen in the biliary tract. Untreated or unrecognized peritonitis 
usually results in abscess formation and extends to other 
organs such as the liver or spleen. Symptoms of peritonitis 
and visceral abscess may be subtle or absent in the elderly. 
The presentation may be prolonged fever lasting over 2 
weeks, without an evident etiological diagnosis after usual 
tests, referred to as fever of unknown origin (FUO). The only 
manifestations of FUO in the elderly, besides fever, may be 
lethargy and altered mental status (delirium). The evaluation 
of FUO in the geriatric age group must include an abdominal 
ultrasound or computerized tomography to exclude an abscess 
or infected  fl uid collection in the liver, spleen, kidneys, and 
the subphrenic or pelvic areas. Malignant disorders, including 
lymphomas, abdominal tuberculosis, and drug-induced fever, 
are considerations in the differential diagnosis of prolonged 
fever when an etiology is not readily apparent. In addition to 
surgical drainage of the abscess, management includes anti-
microbial therapy to address aerobes and anaerobes. There is 
no clinical evidence that a speci fi c antibiotic or combination 
is superior to others. Choices and combinations include: 
penicillin/ b -lactamase inhibitors (piperacillin/tazobactam), 
carbapenemases (imipenem, ertapenem), ampicillin/metron-
idazole/cipro fl oxacin, cefoxitin, and in the penicillin allergic 
patient, aztreonam/metronidazole. 

 Unlike liver abscess, a splenic abscess usually results 
from hematogenous spread. The organisms involved differ 
form those in liver abscess, the most common being  S. aureus  
and  Streptococcus milleri.  The clinical picture of splenic 
abscess is identical to liver abscess. Treatment is directed 
towards  S. aureus  and  S. milleri, Streptococcus anginosus ; 
vancomycin may be started empirically, with further speci fi c 
therapy based on susceptibility of the offending organism. 

 Gastrointestinal infections in the older adult require 
prompt recognition of the illness, a decision on the need for 
and choice of antibiotics and stabilization of the patient with 
other measures to address unstable hemodynamic status and 
loss of electrolytes and water. Tuberculosis must be a consid-
eration when the cause of fever is an enigma. Delay in 
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decision making may lead to adverse outcomes. A choice of 
oral solutions for hydration is provided in Table  55.6 ; often, 
oral  fl uids may be all that is required. Intravenous  fl uid 
administration is dealt with another chapter.  

  Key Points 

    Gastrointestinal infections are common in the geriatric • 
population; the presentation may differ in the old, with 
fever and leukocytosis less prominent; instead delirium, 
failure to thrive and hemodynamic instability are more 
common  
  Knowledge of common infections in the practice setting • 
enables earlier recognition of possibilities and allows for 
empiric antibiotic therapy; this approach favors better 
outcomes.  
  At the same time, inappropriate broad spectrum antimi-• 
crobials can lead to adverse effects, where the conse-
quence may be worse than the primary infection for which 
antibiotics are used.  
  If antibiotics are used, the dose should be tailored to organ • 
function and to the individual.  
  In addition, prompt recognition of unstable hemodynamic • 
status warrants use of oxygen,  fl uids, and electrolytes by 
an appropriate route.  
  When the cause is not apparent, unusual causes such as an • 
intra-abdominal abscess, tuberculosis, and lymphoma 
may be considered in the differential diagnosis as for 
fever of unknown origin.          
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         Introduction 

 Anal incontinence (AI) is the involuntary loss of either  fl atus, 
mucous, liquid stool, or solid stool, leading to social and 
hygienic issues. It is socially unacceptable to pass  fl atus or stool 
in public, and this leads to embarrassment, especially when 
unforeseen. Fecal incontinence is the second most common 
cause of institutionalization in the geriatric age group, nega-
tively impacting quality of life and degree of care required  [  1  ] . 

 The physician must differentiate true incontinence from 
pseudoincontinence, the latter referring to soiling, frequency, 
and urgency. Pseudoincontinent situations may arise from 
prolapsed mucosa, hemorrhoidal disease, or in fl amed rectal 
mucosa as observed with gastroenteritis, in fl ammatory bowel 
disease, or irritable bowel syndrome. Patients with pseudoin-
continence usually have an intact sphincter mechanism.  

   Epidemiology 

 The prevalence of AI varies widely, as the literature often 
excludes  fl atus for statistical analysis. The National Health 
and Nutrition Examination Survey (NHANES) cross- 
sectional survey of fecal incontinence in noninstitutionalized 
adults revealed that 8.3% of noninstitutionalized adults 
reported fecal incontinence at least once in the previous 30 
days  [  2  ] . Liquid stool was the most common form of incon-
tinence, with solid stool incontinence more prevalent among 
women than men. Diarrhea appeared signi fi cantly associated 
with a risk of fecal incontinence. 

 While women are more likely to experience AI  [  3,   4  ] , 
there appears to be equal gender involvement in the noninsti-
tutionalized  [  2,   5,   6  ] . The NHANES data suggested that 
51.0% of women and 46.2% of men reported incontinence to 
 fl atus at least once in the previous month. The high rates may 
have included patients with recent infectious colitis, unlikely 
to encounter incontinence again. 

 Age remains an important risk factor for fecal incontinence 
 [  2,   5  ] . Noninstitutionalized adults over age 60 manifest 
increasing rates of fecal incontinence, increasing further 
beyond age 70–75. Risk factors include watery stools, over 21 
bowel movements per week, poor self-rated health, and uri-
nary incontinence. Factors in fl uencing the occurrence of fecal 
incontinence in women include obesity (BMI >30 kg/m 2 ), sed-
entary lifestyle, and presence of at least one chronic illness. 

 Healthcare providers should be proactive in determining 
the presence of AI  [  6  ] . Physicians should directly ask their 
patients if they experience symptoms of AI and determine 
reasons for underreporting.  

   The Physiology of Continence 

 A multitude of factors determine continence (Table  56.1 ) 
including stool consistency, colonic transit, rectal capacity 
and compliance, rectal sensation, the rectoanal inhibitory 
re fl ex, and the sphincter apparatus consisting of the internal 
and external anal sphincters as well as the puborectalis and 
levator ani muscles. As gastrointestinal contents proceed dis-
tally through the intestines, 8–9 L of water absorption con-
tributes to forming stool with a volume of 200–300 mL. With 
decreased colonic transit time, as in infectious colitis, 
in fl ammatory bowel disease, or short bowel syndrome, the 
stool has more  fl uidity when reaching the rectum. This may 
lead to urgency and soiling in otherwise healthy individuals 
without prior anorectal disease.  

 Stool reaching the rectum distends it to maintain a low 
intraluminal pressure. While this rectal reservoir maintains 
continence, it is unclear if a decrease in rectal capacity leads 
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to incontinence or vice versa (incontinence leads to a decrease 
in rectal capacity)  [  7  ] . Patients with altered mental status, 
such as dementia, stroke, and encephalitis may experience 
over fl ow incontinence. Since altered mentation may prevent 
sensing distention, the rectum continues to distend resulting 
in higher intraluminal pressures. 

 The mechanism of continence is partially explained by the 
rectoanal inhibitory re fl ex (RAIR). Stool or air causes the rec-
tum to distend. Although the rectum itself does not have stretch 
receptors, the puborectalis and levator ani muscles sense the 
rectal fullness, causing temporary relaxation of the internal 
anal sphincter and contraction of the external sphincter to 
allow discrimination between gas and liquid vs. solid stool. 
Once this occurs, the internal sphincter contracts again  [  8  ] . 

 The internal anal sphincter is a thickening of the smooth 
muscle of the rectum and is usually contracted, accounting 
for 80% of the resting anal sphincter tone. The external anal 
sphincter on the other hand is composed of striated muscle 
and accounts for 20% of the resting anal sphincter tone along 
with the levator ani and puborectalis muscles. In addition to 
the RAIR, the external anal sphincter involuntarily contracts 
when changing from a sitting to standing position and in 
response to increased intra-abdominal pressure. As one may 
guess, the external anal sphincter voluntarily contracts in a 
cognitively intact person when the situation is not appropri-
ate for defecating. 

 The puborectalis muscle is also important in defecation. 
This muscle partially wraps around the posterior aspect of 
the anal sphincter, forming a U-shaped sling. The resting 
tone of the puborectalis–levator ani complex maintains the 
anorectal junction at a 90° angle. With defecation the pub-
orectalis relaxes, increasing the anorectal junction angle to 
about 120°, making it easier for stool to enter the anal canal. 

   Age-Related Changes 

 With age, anatomical changes involving the sphincter 
apparatus may predispose to AI. Aging is associated with 

thickening of the internal anal sphincter, thinning of the 
external anal sphincter, and increased pelvic  fl oor descent 
 [  9  ] . Excessive pelvic  fl oor descent can cause a stretch-
induced pudendal neuropathy leading to an abnormally 
relaxed puborectalis muscle  [  10  ] . Other changes include 
decreased anal squeeze pressures, reduced rectal capacity, 
decreased mucosal electrosensitivity, decreased sensation 
to rectal distention, decreased density of nerve  fi bers sup-
plying the external anal sphincter, and increased pudendal 
nerve terminal motor latency (PNTML)  [  11–  13  ] . 
Additionally, comorbidities such as stroke and dementia 
predispose to AI.   

   Etiology 

 AI occurs secondary to obstetric trauma, anorectal surgery, 
pelvic trauma, anatomic abnormalities, and disease-related 
changes (Table  56.2 ). The most common cause is traumatic 
obstetric injury due to forceps delivery, large head circum-
ference, birth weight over 4 kg combined with abnormal 
fetal presentation, and delay in second stage of labor  [  14–  16  ] . 
About a third of primiparous women will experience an anal 
sphincter defect after delivery as opposed to 5–10% in mul-
tiparous women  [  17,   18  ] . Midline episiotomies have a high 

   Table 56.1    Mechanisms of anal continence   

 Sphincter apparatus 
  Internal anal sphincter (80% resting tone) 
  External anal sphincter 
  Levator ani (ileococcygeus, pubococcygeus) 
  Puborectalis 
 Rectal compliance 
  Rectum distends with stool 
  Rectoanal inhibitory re fl ex 
 Rectal sensation 
  Temperature, pain, pressure, friction receptors 
 Stool consistency 
  Increased transit time  ³  more formed 
  Decreased transit time  ³  more loose 

   Table 56.2    Causes of anal incontinence   

 Sphincter injury 
  Obstetric 
   Vaginal delivery 
   Midline episiotomy 
   Forceps delivery 
  Anorectal surgery 
   Lord’s procedure 
   Manual dilatation of the anal canal 
   Lateral internal sphincterotomy 
   Hemorrhoidectomy 
  Fistulotomy 
  Traumatic 
   Pelvic fracture 
 Anatomic abnormalities 
  Descending perineum 
  Rectal prolapse 
  Rectocele 
 Disease-related 
  In fl ammatory bowel disease 
  Radiation proctitis 
  Infectious diarrhea 
  Diabetes 
  Multiple sclerosis 
  Stroke 
  CNS neoplasms 
  Dementia 
  Muscular disorders 
  Congenital lesions 
  Amyloidosis 
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association with anal sphincter injury, although this may 
simply re fl ect the rate of sphincter injury after vaginal deliv-
ery in general. Proponents of postero-lateral episiotomies 
believe it is less associated with sphincter injury; however, 
the injuries exhibited here are more complex. Unfortunately, 
immediate repair of the sphincter by obstetricians or mid-
wives does not seem helpful  [  16,   19  ] . In summary, obstetric 
trauma in earlier life may predispose to AI in the later years. 
An important association with AI is urinary incontinence, 
also termed double incontinence, with a prevalence of about 
7.5%  [  20  ] .  

 Iatrogenic causes of AI include  fi stulotomy, lateral sphinc-
terotomy, and hemorrhoidectomy although the risks are low. 
Fistula treatment is associated with incontinence about 6.9% 
of the time  [  21  ]  with no procedure-based difference  [  22  ] . 
A chronic anal  fi ssure, historically requiring a posterior mid-
line  fi ssurectomy and sphincterotomy with higher risks of 
true and pseudoincontinence  [  23–  25  ] , is now treated with a 
lateral internal sphincterotomy with 2–8% incontinence rate 
 [  24  ] . The historical Lord’s procedure, or manual dilatation of 
the anal canal, was a treatment for hemorrhoidal disease  [  26  ]  
with high rates of sphincter injury  [  27  ] . Current treatments 
for hemorrhoids confer an AI risk of 0.3–8.7% without 
signi fi cant difference between types of procedure  [  28–  33  ] .  

   History and Physical Examination 

 Since AI is multifactorial, a thorough history and physical 
examination are important. Patients may not volunteer infor-
mation for fear of embarrassment. One must determine if the 
incontinence is to  fl atus, liquid stool, and/or solid stool; it is 
also essential to exclude pseudoincontinence. Physicians 
must identify duration of symptoms, frequency, urgency, 
time of day, dietary relationships, relation to exertional 
activities, and other modi fi ers. One must elicit information 
regarding dyschezia, time to evacuation, frequency of bowel 
movements, and rectal bleeding. 

 Past history captures possible associated comorbidities 
including urinary incontinence, congenital anomalies, psychi-
atric history, diabetic neuropathy, recent illness such as infec-
tious colitis, and medication adverse effect presenting as 
constipation with over fl ow incontinence or diarrhea. Prior 
history must evaluate pregnancies and deliveries, perineal 
injuries and/or trauma, and perineal or colorectal procedures. 

 One must determine the impact of incontinence on the 
patient’s quality of life. Is the patient able to engage in activi-
ties of daily living and social activities with minimal distur-
bance? Does the patient require pads? 

 The physical examination includes inspection with the 
patient usually in the prone jackknife position or the left lat-
eral decubitus position. Inspection helps differentiate true 
incontinence from pseudoincontinence, the latter manifest as 

leakage or drainage from mucosa, hemorrhoids,  fi stulae, or 
poor hygiene, leading to pruritis ani and excoriations. 
Inspection may reveal scars from previous anorectal surgery. 
Sensory de fi cits are determined by eliciting the anal wink 
re fl ex. A rectal digital examination is crucial, as is a vaginal 
examination in females. Examination may reveal impacted 
stool, laxity of the perineal body, a rectovaginal  fi stula, 
masses, or palpable defects. During rectal examination, the 
patient is asked to bear down, or perform a Valsalva maneu-
ver, to get a sense of the resting and squeeze pressures. 
Administration of 100 mL water enema will grossly evaluate 
continence to thin liquid. 

   Incontinence Scoring System 

 While completing the clinical evaluation, it is important to 
document the level of severity of the incontinence and its 
consequences. The Wexner Fecal Incontinence Scoring 
System is a widely used tool to grade the level of inconti-
nence, accounting for the frequency of type of incontinence, 
necessity for a pad, and lifestyle alteration  [  1  ] . A score of 0 
indicates full anal continence, whereas a score of 20 signi fi es 
complete AI. The quality of life of a patient affected by AI is 
assessed by questionnaires, one being the Fecal Incontinence 
Quality of Life Scale  [  34  ] .   

   Diagnostic Testing 

 The history and physical examination  fi ndings help choose 
diagnostic tests to determine the etiology of incontinence. 
Anorectal physiology testing, endoanal ultrasound, and 
defecography are three important adjuncts for assessment. 
A simple anoscopy will reveal hemorrhoids,  fi stulae, or 
mucosal in fl ammation. Colonoscopy helps evaluate the 
entire colon if evaluation reveals a palpable mass or signs 
suggesting neoplasm or irritable bowel disease. 

   Anorectal Physiology 

 The anorectal physiology laboratory includes anorectal 
manometry, electromyography (EMG), and PNTML testing. 
The tests provide information about the neurologic and sen-
sory components of anorectal function.  

   Anorectal Monometry 

 Anorectal monometry (ARM) assesses several components 
of anorectal function including resting pressure, squeeze 
pressure, rectal sensation and compliance, and RAIR. 
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 A transducer inserted into the rectum measures the resting 
and squeeze pressures at 1 cm intervals from the rectum to 
the anal verge. Resting pressures re fl ect internal anal sphinc-
ter function, whereas squeeze pressures re fl ect external anal 
sphincter function. Measures of rectal sensation and compli-
ance help in biofeedback therapy. Anorectal sensation is 
delineated by placing a latex or polyethylene balloon in the 
distal rectum. The balloon is slowly distended and the points 
at which a patient notes detectable sensation, desire to defe-
cate, and severe discomfort are recorded. These three time 
points are known as the time of  fi rst sensation,  fi rst urge, and 
maximum tolerated volume, respectively. These measure-
ments may be used along with biofeedback therapy.  

   Electromyography 

 EMG of the external anal canal analyzes summated motor unit 
potentials of the external anal sphincter and identi fi es defects 
that are myopathic or neurogenic in etiology. Needle EMG is 
a painful test and is replaced by the surface EMG. Surface 
EMG is recorded by either skin surface gel pads or by a small 
cigar-shaped anal foam, both noninvasive and well tolerated.  

   Pudendal Nerve Terminal Motor Latency 

 PNTML helps determine whether pudendal nerve injury is 
the basis for incontinence. The pudendal nerve is stimulated 
at Alcock’s canal at the level of the ischial spine, and the 
time to contraction of the external anal sphincter is measured. 
Normal conduction time is 2.0 ms. Longer latencies imply 
injury to the pudendal nerve. Pudendal nerve injury may 
arise from obstetric trauma, surgery, pelvic  fl oor descent, old 
age, diabetes, and advanced age.  

   Endoanal Ultrasound 

 Endoanal ultrasound helps visualize the anal sphincter and 
sphincter defects; it is performed by a colorectal surgeon 
with appropriate training in its use and interpretation. The 
ultrasound image shows the internal anal sphincter as a 
“dark” circular band while the external anal sphincter is seen 
as a re fl ective, echogenic layer. The main limitation is that it 
is operator-dependent. A skilled operator may detect sphinc-
ter thinning, perineal body length, muscle separation, and the 
presence of rectovaginal  fi stulas  [  35  ] .  

   Defecography 

 Defecography, also known as dynamic proctography or 
 fl uoroscopic proctography, and magnetic resonance 

 defecography may rarely provide additional information 
about the pelvic  fl oor musculature  [  36  ] . Defecography is 
reserved for the rare patient whose subjective symptoms do 
not correlate with objective parameters.   

   Medical Management 

 AI is initially treated conservatively. Beyond the initial dietary 
modi fi cation, pharmacologic agents, and bowel management 
regimen, therapies such as pelvic  fl oor exercises and biofeed-
back may be bene fi cial. Figure  56.1  depicts a  fl ow diagram 
for the medical and surgical management of true AI.  

   Dietary Modi fi cation 

 Identifying and addressing the cause of loose stools is key to 
management of AI. Keeping a food diary helps identify pos-
sible triggers of fecal incontinence. Lactose intolerance is a 
frequent problem in many ethnic groups. Celiac disease is a 
markedly under-diagnosed entity. Colonic transit time is 
decreased by caffeine, alcohol, fruit juices, and certain veg-
etables (beans, broccoli, cauli fl ower). Dietary  fi ber should be 
gradually increased over weeks to months (see Chap.   21       ).  

   Pharmacologic Agents 

 If increasing stool bulk does not help attain full continence, 
pharmacotherapy is needed. Anti-motility agents will 
increase colon transit time and help solidify stool by allow-
ing for increased absorption of water. Loperamide, diphe-
noxylate, and codeine are opioid receptor agonists that 
decrease peristalsis.  

   Bowel Management Regimen 

 For the few who experience over fl ow incontinence from 
stool impaction or constipation, a bowel management regi-
men may help. The aim is to have a daily complete bowel 
movement at a scheduled time and by avoiding constipating 
foods. Pharmacologic therapy to stimulate peristalsis with 
bisacodyl and senna may help.  

   Pelvic Floor Exercises 

 Pelvic  fl oor exercises, or Kegel exercises, represent one 
approach to attain continence by strengthening the pelvic 
 fl oor  [  37  ] . The practice involves tightening the pelvic  fl oor 
muscles as performed when attempting to stop micturition 
midstream. The exercises need to be performed in sets of 
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contractions several times daily in upright, sitting and lying 
positions. Unfortunately, the exercises are not particularly 
bene fi cial in improving continence.  

   Biofeedback Training 

 Biofeedback therapy is based on the principle of operant con-
ditioning, which deals with the modi fi cation of “voluntary or 
operant behavior;” the latter refers to “operating” on the envi-
ronment to produce desirable results. During weekly sessions, 
a biofeedback therapist helps the patient understand the con-
dition and as to how it could be improved. Topics pertinent to 
AI are discussed. Pelvic  fl oor exercises are combined with 
manometry readings and a balloon placed in the anal canal 
helps patients sense and respond to progressively smaller rec-
tal volumes. EMG-based biofeedback uses surface EMG 
tracing of anal sphincter contractions. Biofeedback therapy 
appears more bene fi cial than pelvic  fl oor exercises alone; 
treatment protocols vary and it is possible that improvement 
is based more on patient education and coping strategies than 
improved squeeze pressures and sensory thresholds.  

   Miscellaneous Approaches 

 Conservative treatments are a consideration prior to surgi-
cal intervention. Topical estrogens are not bene fi cial  [  38  ] , 
while acupuncture is associated with improvement in con-
tinence  [  39  ] .  

   Anal Hygiene 

 Anal hygiene is an important aspect of the medical manage-
ment of AI. When the anal dermis is in continuous contact 
with liquid or solid stool as happens with AI, the anal perineum 
becomes irritated and in fl amed, leading to symptoms such as 
itching. Anal secretions in contact with the skin promote 
in fl ammation and itching; seepage should prompt self- 
cleaning. Depending on culture, some may wash the anal area 
with water and pat dry with toilet paper whereas others use 
toilet paper moistened with water. Toilet paper can irritate the 
skin. An option is the use of moist wipes, which are also trans-
portable. They contain mild skin cleansers and emollients. 
Wipes containing alcohol or witch hazel are best avoided as 
they cause dryness and facilitate skin irritation. Moist wipes 
do not need to be antibacterial. The bidet provides another 
mechanism for cleansing the perineum. For excoriated and 
sensitive perianal skin, a gentle stream of water is the most 
atraumatic and effective method to maintain hygiene.   

   Surgical Treatment 

 Not every patient requires surgery for AI, even if conserva-
tive management fails. A competent colorectal surgeon must 
understand the disability incurred from AI. For minor fecal 
leakage with no impact on quality of life, it would not be 
appropriate to undergo surgical treatment for incontinence. 
For those who require surgery, it is essential to undergo 
appropriate diagnostic testing as described earlier. 

  Fig. 56.1    Management of true anal incontinence. A  fl ow diagram showing the medical and surgical treatment options available to patients with 
true anal incontinence       
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   Sphincteroplasty 

 For patients with a disrupted anal sphincter, sphincter repair 
may be recommended. A young female with a disrupted 
internal anal sphincter after childbirth would be a candidate 
for sphincteroplasty; the patient will bene fi t even with bilat-
eral pudendal neuropathy. In a study of patients with com-
bined internal and external anal sphincter defects, 60% had 
improvements in AI, with 6% experiencing complete anal 
continence, after an average follow-up of 9 years  [  40  ] . On 
the contrary, continence may decline years after repair  [  41  ] .  

   Arti fi cial Bowel Sphincter 

 For patients with signi fi cant disruption of their sphincter or 
severe pudendal neuropathy who are not candidates for 
sphincteroplasty, implanting an arti fi cial bowel sphincter 
may be bene fi cial. The Acticon™ Neosphincter (American 
Medical Systems, Minnetonka, MN, USA) has been used 
since 1996, receiving FDA approval in the United States in 
2001. This device includes a cuff around the anal canal, a bal-
loon implanted in the abdomen, and a pump in either the 
labium (females) or scrotum (males), all connected to one 
another with tubing. The  fl uid- fi lled cuff  fi lls the circumfer-
ence of the anal canal to keep it closed. Prior to evacuation of 
the rectum, the patient squeezes the pump several times caus-
ing the  fl uid to drain out of the cuff and opening the anal 
canal. After defecation, the  fl uid automatically drains back 
into the cuff to close the anal canal and maintain continence. 

 Complications following arti fi cial bowel sphincter 
implantation include infections, erosions, ulcerations, device 
malfunction, balloon and pump leaks, device migration, and 
constipation  [  42–  44  ] . A history of perineal infection and 
decreased time to  fi rst bowel movement prior to activation of 
the device may relate to delayed failure  [  45  ] . Over half the 
devices required explantation at 5 years secondary to long-
term complications. Additionally, the patient needs to be 
cognitively intact and able to operate the pump mechanism. 
Although the technology is available, it is recommended 
when conventional methods are less feasible.  

   Sacral Nerve Stimulation 

 Sacral nerve stimulation (SNS) is FDA-approved for the 
treatment of urinary incontinence and works through 
unknown mechanisms, currently awaiting FDA approval in 
the United States for anal incontinence. We believe this treat-
ment will especially bene fi t patients with an intact sphincter 
and weak pudendal nerves. Patients  fi rst undergo a 2-week 
test period in which a temporary stimulator electrode is 
placed in the S3 position. Patients achieving greater than 
50% improvement in incontinence as recorded in a diary 

may be candidates for implantation of the permanent 
stimulator. Representatives from various sacral nerve stimu-
lator implant centers in France have developed a position 
statement regarding SNS including indications, peripheral 
nerve evaluation, and follow-up  [  46  ] . Indications include 
fecal incontinence secondary to less than 30% damage to the 
external sphincter, rectal resection for cancer, scleroderma, 
peripheral or central, incomplete and nonprogressive neuro-
logic disease. Negative predictors of successful peripheral 
nerve evaluation include age over 70 years, previous failure 
of peripheral nerve evaluation, and presence of an external 
anal sphincter defect  [  47  ] ; although, other studies also show 
bene fi t in patients with sphincter defects  [  48,   49  ] . 

 Long-term data on SNS are now available and indicate 
that SNS signi fi cantly improves AI, both short- and 
long-term. Patients up to 14 years postimplantation show 
signi fi cant improvement in their incontinence scores and 
quality of life measures  [  49,   50  ] . 

 There appears to be greater improvement in symptoms 
with the Acticon™ Neosphincter than the sacral nerve stimu-
lator  [  51  ] ; however, placement of the arti fi cial bowel 
sphincter is more invasive and has higher rates of constipation 
postimplantation. This highlights the importance of discussing 
the risks, bene fi ts, and options to individualize treatment.  

   Radiofrequency Energy 

 The SECCA procedure is another attempt at treating AI  [  52–
  56  ] . This method applies temperature-controlled radiofre-
quency energy to the anal canal via needles that penetrate the 
tissue of the anal canal. The needles act as electrodes, raising 
the temperature of the tissue and creating injury and subse-
quent collagen deposition through the processes of wound 
healing, remodeling, scar formation, and contraction. The 
base of the needle is cooled with water on the mucosal sur-
face to prevent thermal injury. There is controversy about the 
effectiveness of the SECCA procedure  [  57  ] .  

   Anal Canal Bulking Agents 

 A less invasive method with unclear bene fi t for AI involves 
the submucosal injection of bulking agents such as 
polytetra fl uoroethylene, autologous fat, glutaraldehyde cross-
linked collagen, carbon beads, silicone biomaterial, and stabi-
lized nonanimal hyaluronic acid with dextranomer  [  58–  64  ] .  

   Colostomy 

 For very severe AI without effective treatment or where radi-
cal surgery is either not desired or involves high risk, a colos-
tomy may be performed. The colostomy will allow stool to 
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be collected via a stoma bag in a relatively controlled fashion 
and does not require sphincter control. However, stoma care 
is needed to prevent skin excoriations. This may be dif fi cult 
in the cognitively impaired and those unable to care for 
themselves.  

   Future Research 

 There may be a role in the future for human umbilical cord 
matrix and bone marrow-derived mesenchymal stem cells to 
treat anal sphincter defects  [  65,   66  ] . Heterotopic and ortho-
topic autotransplantation of the anorectal segment has been 
studied in rats  [  67  ]  but yet to be studied in humans. 

  Key Points 

    AI is a socially disabling condition among the elderly that • 
impairs the quality of life of the individual.  
  Physicians must ask their patients about the symptoms of • 
incontinence, its severity, and its impact on quality of life 
and function.  
  The history and physical examination are relevant in • 
assessment. With adequate evaluation and diagnostic test-
ing, patients are categorized to either conservative or sur-
gical management.  
  Overcoming embarrassment regarding AI is key to diag-• 
nosis and appropriate treatment.  
  Current medical and surgical options have improved the • 
quality of life for patients with AI. The best approach 
must be individualized.           
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         Introduction    

 Rectal prolapse or procidentia is de fi ned as protrusion of a 
full-thickness portion of the rectal wall through the anal 
sphincter (Fig.  57.1 ). This condition was recognized as long 
ago as 1500  bc  by Ebers Papyrus, as proved by a  fi nding of 
rectal prolapse in a male mummy. It is likely that at that time, 
prolapse was common due to an association with malnutri-
tion and intestinal parasites  [  1,   2  ] . Initial theories speculated 
that rectal prolapse was a result of inadequate support to the 
rectum from surrounding structures  [  3  ] . Mikulicz in 1888 
described a perineal amputation of a rectal prolapse, a crude 
version of today’s perineal proctosigmoidectomy  [  4  ] . 
Subsequent knowledge on rectal physiology has expanded 
the horizon of possible surgical procedures, utilizing the 
perineal approach and abdominal access to the pelvis.   

   De fi nition 

 The de fi nition of rectal prolapse is a full- or partial-thickness 
protrusion of the rectal wall through the anal ori fi ce. Despite 
the apparent simplicity, attempts at classi fi cation of rectal 
prolapse have not gained general acceptance. 

 Altemeier et al. proposed a classi fi cation based on purely 
 anatomic features   [  5,   6  ] , with the belief that rectal prolapse 
was a manifestation of either a sliding hernia or an intussus-
ception in different patients. They proposed three types of 
prolapse: Type 1: a protrusion of the redundant mucosal layer 

(so-called “false prolapse,” usually associated with hemor-
rhoids); Type 2: intussusception with an associated cul-de-
sac sliding hernia; Type 3: sliding hernia of the cul-de-sac. 

 Beahrs et al. proposed a  clinical  classi fi cation, believing 
the basis to be intussusception  [  7,   8  ]  and relied on the com-
pleteness of the prolapse: 
 Type 1: Incomplete (mucosal prolapse). 
 Type 2: Complete (full-thickness wall prolapse).

   First degree (high or “early,” “concealed,” “invisible”)  • 
  Second degree (externally visible during straining, sulcus • 
evident between rectal wall and anal canal)  
  Third degree (externally visible)    • 
 This classi fi cation provides clinical utility in planning 

evaluation and management and is the accepted classi fi cation 
today. Lack of a universally accepted classi fi cation re fl ects 
the dif fi culty in identifying a single explanation for rectal 
prolapse. To date, no single common theory can explain the 
diverse occurrence of rectal prolapse in newborn infants, 
paraplegic middle-aged men, and older women  [  3  ] .  

   Etiology 

 Three theories explain the onset of rectal prolapse. The  fi rst, 
proposed in 1912 by Moschcowitz, was based on anatomical 
 fi ndings. Patients with rectal prolapse were noted to have a 
redundant sigmoid colon, pelvic laxity, and a deep cul-de-sac 
(pouch of Douglas); a redundant sigmoid colon in a deep pel-
vic pouch produces an acute recto-sigmoid junction and a need 
to strain during defecation, promoting herniation of the rectum 
through a weakened pelvic  fl oor and a deep cul-de-sac  [  9  ] . 

 The second theory (Broden and Snellman) views rectal 
prolapse as the endpoint of a pathologic spectrum, beginning 
as internal intussusception starting approximately 3 in. proxi-
mal to the anal verge and progressing to complete prolapse 
 [  10  ] . This theory was elaborated through review of multi-
ple cineradiographic imaging studies. Unfortunately, multiple 
subsequent studies that followed patients with defecographic 
signs of intussusception failed to observe a direct progression 
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to complete prolapse, suggesting that intussusception and 
rectal prolapse are two distinct entities, with a small overlap-
ping subset rather than stages of the same process. 

 The third theory (Park) suggested that rectal prolapse was 
in part due to injury to the pudendal nerves from repeated 
stretching on the pelvic  fl oor  [  11  ] . Even though this view is 
supported by the frequent association between neurogenic 
fecal incontinence and rectal prolapse, there is no doubt that 
many patients with rectal prolapse have normal innervations 
and that incontinence often improves after surgical correc-
tion of rectal prolapse, an event that should not occur if the 
nerves were permanently damaged. 

   Relevant Anatomy and Physiology 

 A review of relevant rectal anatomy and physiology is help-
ful in understanding the clinical picture of rectal prolapse. 

 The rectum is not a linear and longitudinal structure 
within the pelvis, but follows a serpentine course from the 
level of the lumbar–sacral junction to the pelvic  fl oor. 
Three major muscular groups contribute to the stability and 
the function of the rectum: the levator ani, the puborectalis 
sling, and the external anal sphincter muscle  [  12,   13  ] . 

 The levator ani contributes to the stability of the rectum 
and is intimately interconnected to the longitudinal  fi bers of 
the rectum to provide structural support that prevents the rec-
tum from slipping through the pelvic  fl oor during defecation. 
The puborectalis sling contributes to decreasing the opening 
of the pelvic  fl oor during its contraction; it embraces the 
lower end of the rectum and connects it to the pubic bone. 
When under tension, it tilts the rectum forward toward the 
pubis, creating an acute angle and compressing the structure 
in front of the rectum; conversely, when the sling relaxes, it 
“ fl attens” the acute angle and makes the rectum more verti-

cal. The external anal sphincter muscle is a functional part of 
the puborectalis sling and contributes to both continence as 
well as defection, depending on its state of contraction or 
relaxation  [  12  ] .  

   Presentation 

 The onset of rectal prolapse is gradual, with manifestations 
re fl ecting the stage of progression. In early stage, symptoms 
relate to dif fi culty in bowel regulation with discomfort and 
tenesmus (sensation of incomplete evacuation); in later 
stages, there is a permanently extruded rectum, which 
becomes excoriated and ulcerated, followed by mucous dis-
charge and bleeding, with soiling of the underclothes. Fecal 
incontinence and constipation are frequently present, as well 
as impaired anorectal sensation  [  13,   14  ] . 

 The female-to-male prevalence ratio is 6:1. Parity is not a 
contributing factor. Peak incidence is between 50 and 60 
years in women, increasing with age, while in men rectal pro-
lapse is evenly distributed throughout the age ranges. Higher 
prevalence is noted in institutionalized patients  [  7,   13  ] .  

   Associated Conditions 

 Associated disorders include bladder stones and other com-
mon urologic problems, including phimosis, urethral stric-
ture and prostatic enlargement or obstruction  [  13,   14  ] . 

 Gastrointestinal associations include constipation, diar-
rhea, pinworm infestation, and polyps. Multiple psychiatric 
and neurologic conditions associated with rectal prolapse 
include bulimia nervosa, anorexia, obsessive–compulsive 
disorders, and Parkinson’s disease  [  15–  17  ] . An association 
with progressive systemic sclerosis has been described  [  18  ] .  

   Evaluation 

   History and Physical Examination 
 History and physical examination are most important in 
identifying the patient with rectal prolapse and, most impor-
tantly, decide the nature of surgery that is appropriate for that 
individual. The main complaint is usually the prolapse itself; 
in severe cases, the rectum prolapses with minimal increase 
of intra-abdominal pressure (e.g., with cough or lifting 
objects), impairing the quality of life. 

 Incontinence is frequently related to the prolapse, but 
may also be a secondary problem in an older adult. Patients 
may report mucus drainage from the anus, tenesmus, and 
constipation; bright red bleeding per rectum may be spotty 
in quantity as observed on wiping. If the prolapse becomes 
incarcerated (nonreducible) and manual reduction fails, a 

  Fig. 57.1    Procidentia or complete rectal prolapse. The entire rectum 
has protruded through the anal canal. Please note the circular folds of 
the prolapsed rectum       

 



54357 Rectal Prolapse

surgical emergency is recommended   . Risk of gangrene of 
the rectum, a life-threatening complication, might ensue 
 [  13,   19  ] . 

 Physical examination is straightforward in demonstrating 
the prolapse; but in many, the patient must be examined in a 
squatting position or be asked to forcibly strain to reveal the 
prolapse. Mucosal vs. full-thickness rectal wall prolapse is 
easy to differentiate; the two clinical entities are corrected by 
entirely different surgical approaches. 

 The diagnostic feature of complete prolapse is the observa-
tion of  concentric  mucosal furrows on the prolapsed rectum. 
The sulcus between rectal wall and anal canal is easily identi fi ed. 
Additional features are length of prolapse >5 cm and apprecia-
tion of double wall thickness on digital rectal examination 
(Fig.  57.1 ). In females, cystocele and/or uterine prolapse are 
present in severe cases. Patulous anus is a constant  fi nding, as 
well a feeling of a straight rectal canal and weak sphincters on 
digital examination. A vaginal examination in females helps 
detect the often associated cystocele or rectocele, as also a 
thinned and scarred recto-vaginal septum is often noted. 

 Mucosal prolapse, on the other hand, presents with  radial 
grooves  of prolapsing internal hemorrhoids, rarely protrud-
ing for more than 5 cm. A double mucosal layer is palpated. 
The sulcus is not visible and an associated prolapse of other 
pelvic organs is rarely appreciated (Fig.  57.2 ).   

   Imaging Studies 
 In the elderly, sigmoidoscopy is usually suf fi cient to rule out 
a rectal polyp or neoplasm functioning as the leading point 
for rectal prolapse. A more aggressive work-up is question-
able in the very old, while in the young a full colonoscopy 
might be indicated if there is suspicion of underlying 
in fl ammatory bowel disease, malignancy, or polyps. 

 Moreover, in the young, specialized testing helps choose 
the most appropriate surgical plan when a primary functional 

abnormality is associated with the rectal prolapse. 
Videoproctography and anorectal physiologic studies can 
predict whether continence will be restored after abdominal 
rectopexy  [  20,   21  ] . Colonic transit studies, on the other end, 
can indicate the need for sigmoidectomy or subtotal colec-
tomy in addition to the rectopexy in case of very prolonged 
colonic transit time. These are usually performed in special-
ized centers where a multidisciplinary approach encompasses 
dedicated radiologic and colorectal surgical expertise.    

   Nonoperative Treatment 

 Nonoperative treatment of rectal prolapse is relevant in the 
geriatric age group who manifest comorbidities that 
signi fi cantly increase the operative risks. Reduction of incar-
cerated rectal prolapse with use of table sugar or magnesium 
sulfate compresses have been reported  [  22  ] . If the prolapse 
becomes incarcerated (non-reducible) and manual reduction 
fails, then an emergent surgical procedure is recommended. 
The theme might be a reduction of tissue edema that allows 
manual reduction of prolapse, with temporary relief. Injection 
of sclerosing agents in rectal mucosa may be successful in 
children, but not in adults. Perioperative biofeedback and 
pelvic  fl oor exercises have been used to improve the external 
sphincter function and decrease postoperative incontinence, 
but may only truly be an adjunct to surgical repair  [  23  ] . 
Essentially, there is no effective nonoperative treatment for 
rectal prolapse. Hence if the decision is not to offer surgical 
correction for an older patient with rectal prolapse, the patient 
may live a poor quality of life with no relief of symptoms.  

   Operative Treatment 

 Multiple surgical procedures describe different approaches 
to repair of rectal prolapse; the range of choices denotes a 
lack of single “best” surgical procedure, with each recom-
mendation tailored to an individual’s needs, functional status 
and age, and nature of prolapse requiring correction. 

 With mucosal prolapse, the initial approach is usually not 
invasive, as the problem relates to prolapsing rectal mucosa, 
the rectal wall remaining anatomically in place. Interventions 
range from a simple band ligation or injection sclerotherapy 
during multiple of fi ce visits to a more invasive PPH proce-
dure (Procedure for Prolapsed Hemorrhoids), which requires 
a short hospitalization, with the advantage of requiring a 
single session. The decision-making algorithm is complex 
for complete rectal prolapse and involves an understanding 
of patient’s expectations, functional status, life expectancy 
and underlying abnormalities, especially in the younger 
patients, as these are addressed along with the control of the 

  Fig. 57.2    Mucosal prolapse with edema in prolapsed strangulated 
internal hemorrhoids. Please note the mucosal folds are radial       

 



544 S.K. Patankar and R. Pigalarga

rectal prolapse. An initial distinction is made between 
perineal vs. trans-abdominal access to the rectum. 

 The perineal approach is usually preferred in the older 
adults with comorbidities and short life expectancy; this is 
better tolerated by the frail elderly. The procedure is per-
formed under spinal or epidural anesthesia and sometimes 
under local anesthesia with sedation. The most popular 
perineal procedures are the Altemeir procedure and the 
Delorme procedure. 

 The Altemeier procedure (perineal proctosigmoidectomy 
or perineal pull-through procedure) consists of delivering the 
rectum and sigmoid colon outside the pelvis through the pat-
ulous anus and weak pelvic  fl oor. The sigmoid colon is then 
divided and anastomosed to the anal canal either with a hand-
sewn or stapled technique (Figs.  57.3 ,  57.4 , and  57.5 ). The 
procedure is easily combined with pelvic  fl oor repair (levator 
plication) through the same access, to improve postoperative 
fecal incontinence  [  24–  26  ] . Altemeier himself had a recur-

rence rate of only 3% (3/106 patients), but higher recurrence 
rates are described by others  [  5  ] , with as much as 50% in a 
small series  [  27  ] , and 5.5 to 10% in large series  [  25,   26  ] . In 
series with over 100 patients, the mortality rate is 0% and the 
morbidity 12–24% (Table  57.1 ). With the low mortality and 
morbidity rates, the technique is recommended in the frail 
elderly who    may not tolerate an abdominal approach.     

 The Delorme procedure is a mucosal reduction proce-
dure performed as a perineal plication of the rectal prolapse, 
with an intent to provide symptomatic relief. This operation 
is recommended to the elderly with short life expectancy. 
The advantages are similar to the Altemeier procedure, but 
additionally, the procedure can be performed under local 
anesthesia and safely repeated for recurrence, which is 
common (Table  57.2 ). Common complications are second-
ary to bleeding and occasionally late stenosis. Pelvic  fl oor 
repair (levatorplasty) can be combined with this procedure 
as well.  

  Fig. 57.3    Perineal proctosigmoidectomy (Altemeier operation). The 
rectal wall forming the outer tube of the prolapse has been incised by 
transanal approach. Mesorectal vessels have been divided. The sigmoid 
colon prolapsing as the inner tube of the prolapse is clearly visible       

  Fig. 57.4    The prolapsed redundant segment has been divided and the 
sigmoid colon is anastomosed to the anal canal       

  Fig. 57.5    The  fi nal result on the operating table. There is no visible 
incision as the entire surgery is accomplished through the anal canal 
above the dentate line       

   Table 57.1    Recurrence, morbidity, and mortality rates of perineal 
proctosigmoidectomy   

 Authors 
 Patient 
number 

 Recurrence 
(%) 

 Mortality 
(%) 

 Morbidity 
(%) 

 Kim et al.  [  40  ]   183  16  0  14 
 Williams et al.  [  26  ]   114  11  0  12 
 Friedman et al.  [  27  ]   27  50  0  12 
 Johansen et al.  [  41  ]   20  0  5  5 

   Table 57.2    Results of Delorme procedure   

 Authors 
 No. of 
patients 

 Recurrence 
(%) 

 Mortality 
(%) 

 Morbidity 
(%) 

 Watkins et al.  [  42  ]   52  10  0  4 
 Senapati et al.  [  43  ]   32  12.5  0  6 
 Tsunoda et al.  [  44  ]   31  13  0  13 
 Oliver et al.  [  45  ]   41  22  2.5  25 
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 The trans-abdominal approach offers the surgeon oppor-
tunity to intervene for anatomical abnormalities believed to 
be causative in rectal prolapse. This approach allows full 
mobilization of a poorly supported rectum and  fi xation of the 
latter to prevent further intussusception through the perineum. 
At the same time, this approach allows the reduction and 
obliteration of any sliding hernia and repair of associated 
pelvic  fl oor defects or other anatomical abnormalities (i.e., 
vaginal or uterine descent). Abdominal operations offer not 
only lower recurrence rates but also opportunity for greater 
likelihood of functional improvement  [  28  ] . The frail elderly 
may not tolerate this surgical approach. Careful analysis of 
risk vs. bene fi t ratio is vital in patient selection. Thus, abdom-
inal repair of rectal prolapse is reserved for patients with 
good cardiorespiratory functional status and ability to toler-
ate prolonged, aggressive operations. The principal tech-
nique is rectopexy or  fi xation of the rectum to the presacral 
fascia, accomplished by either suture alone or use of arti fi cial 
mesh. Suture and mesh rectopexy produce comparable 
results; the selection depends on the individual surgeon’s 
experience and choice  [  28,   29  ] . Polyvinyl alcohol (Ivalon) 
sponge rectopexy is associated with risk of infectious com-
plications and is largely been abandoned. 

 One must consider the patient’s preexisting bowel func-
tion as well as colonic motility. Rectopexy alone and espe-
cially with division of the lateral ligaments can increase risk 
of postoperative constipation  [  29,   30  ] . Those with preexist-
ing constipation do better with the addition of segmental 
bowel resection (sigmoid and recto-sigmoid colon). The 
advantage of lower rates of constipation is observed with 
resection rectopexy compared to rectopexy alone  [  28,   29  ] . 

   Role of Laparoscopy and Minimally Invasive 
Surgery 

 Since the advent of laparoscopic resections of the colon, 
every type of open abdominal surgical repair of rectal pro-
lapse has been accomplished by laparoscopic means  [  31  ] . 

 Studies comparing laparoscopic and open surgical 
approach for rectal prolapse suggest the two approaches to 
be equally ef fi cacious in correcting rectal prolapse, with 
recurrence rates, morbidity and mortality comparable  [  32  ] . 
An additional bene fi t of laparoscopy is reduced postopera-
tive pain, earlier return of bowel function, better cosmesis, 
and reduced length of hospital stay  [  28,   31,   32  ] . 

 Laparoscopic rectal prolapse repair is safe and effective. 
Although there is a paucity of large randomized controlled 
trials, a study of 12 randomized controlled trials with 380 
patients concluded that laparoscopic approach was associ-
ated with fewer postoperative complications and shorter hos-
pital stay than open surgical technique  [  29,   33  ] . 

 Using robotic assistance for laparoscopic rectopexy has 
been reported as well; robotically assisted laparoscopic 

surgery is feasible and safe  [  34–  37  ] . In a small case–
control study, robotic rectopexy showed signi fi cantly 
higher recurrence rates (20%) when controlled for age and 
follow-up time compared to open rectopexy (2%)  [  36  ] . 

 A systematic review compared the safety and ef fi cacy of 
the robotic (Da Vinci Surgical System™) and conventional 
laparoscopic surgical approaches. In colorectal surgery, lon-
ger surgical times were con fi rmed, and no bene fi t of any 
nature was shown  [  38  ] . 

 Clearly, further studies to compare perioperative out-
comes of robotic-assisted and conventional laparoscopic 
techniques are needed to determine the utility and ef fi cacy of 
robotic surgery in the  fi eld of colorectal surgery  [  39  ] . 

 A learning curve clearly exists for complex laparoscopic 
procedures. At this time the selection of laparoscopic vs. 
open approach is predicated upon the individual surgeon’s 
training and experience. 

  Key Points 

    Rectal prolapse is a full-thickness protrusion of the rec-• 
tum through the anal sphincter, believed to be related to a 
concentric intussusception of the rectum secondary to 
weakness of the surrounding structures and exacerbated 
by constipation.  
  Although uncommon in the general population, it is more • 
frequent in older women with long-standing history of 
constipation and decreased mobility.  
  This condition is disruptive to social and quality of life, • 
especially in the later stages, when the rectum prolapses 
and becomes excoriated and ulcerated. Constipation, 
incontinence, and anorectal discomfort are common 
symptoms.  
  Other than surgery, no effective treatment option exists, • 
with no single optimal surgical procedure; the choice is 
in fl uenced by age, comorbidities, extent of prolapse, and 
preexisting constipation.  
  Signi fi cant improvement in the quality of life of even a • 
frail elderly patient can be achieved with low mortality 
and morbidity by perineal operative procedures.  
  Abdominal rectopexy and resection rectopexy are chosen • 
for relatively healthy patients and give excellent long-
term relief with good functional outcome.  
  Laparoscopic repair techniques are effective and offer • 
signi fi cant bene fi ts over open abdominal surgical approach.           
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         Introduction 

 Among the many targets for screening, colorectal cancer 
(CRC) screening has received claims for being a successful 
measure. Randomized controlled studies suggest that CRC 
screening with earlier recognition of polyps and cancer has 
reduced mortality. However, the observations are not speci fi c 
to the older adult, with patient selection and age for cessation 
of screening being controversial. The standard guidelines 
 [  1–  11  ]  are presented in Table  58.1   [  9  ] . This chapter discusses 
CRC screening using a case-based approach.  

 
  Case 

 A.G. is a 79-year-old man with diabetes type II, hyper-
tension, history of deep vein thrombosis, alcohol use, 
and right hip osteoarthritis status post hip replacement, 
who comes to you to discuss colon cancer screening. 
He has never been screened with any modality. Would 
you recommend colon cancer screening? 

  

   Current Recommendations Speci fi cally 
for Older Adults 

 As life expectancy has increased, gastroenterologists and 
primary care physicians will struggle with the application of 
standard guidelines in the geriatric age group, as these guide-
lines are generally based on a younger population. 

 Major societies agree that CRC screening should be 
offered to adults between 50 and 74 years at average risk. 
The US Preventive Services Task Force (USPSTF) currently 
advises that continued screening for adults, 75–84 years old 
who have previously been screened, should be individual-
ized as bene fi t for screening beyond age 74 is small. In those 
who have never been screened, recommendations should be 
made with respect to individual health status, comorbidities, 
and other competing risks  [  1  ] . Screening for those over 85 
years is currently not recommended by the USPSTF. 

 Although guidelines are helpful, their application in the 
geriatric population should be individualized. For example, 
the USPSTF guidelines are disease-speci fi c recommenda-
tions and do not take into account the multiple comorbidities 
of an older patient. The recommendations are generally 
based on trials that exclude older patients  [  2  ] . 

 Table  58.2  highlights professional society statements on 
when to stop screening average risk adults. Generally, the 
recommendation is to begin screening at age 50, but contro-
versy exists in the approach to those 75 and older. Most 
groups have not made a recommendation for those over 75. 
The USPSTF and Kaiser Permanent Care Management 
Institute (KPCMI) agree with cessation of screening in pre-
viously screened adults at age 75 years. However, KPCMI 
allows for screening of those not previously screened up to 
age 80, based on physician judgment, patient preferences, 
comorbidities, and procedure risk. The American Cancer 
Society/US Multi-society Task Force and American College 
of Radiology (ACS/USMSTF/ACR) use comorbidity and 
life expectancy to guide decisions, with no speci fi c age cut-
offs. If a patient is unlikely to bene fi t from screening for 
these reasons, there is no indication for any screening proce-
dure, including CT colonography  [  9  ] .  

 As more data pertinent to the geriatric population become 
available, guidelines and recommendations may change. 
Clinicians should anticipate updates in guidelines as the pop-
ulation ages, along with advances in technology (e.g., wire-
less capsule colonoscopy).  
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   Table 58.1    Guidelines for screening and surveillance for the early detection of colorectal adenomas and cancer in individuals at increased risk or 
at high risk (table reproduced with permission from ref.  [  9  ] )   

 Risk category  Age to begin  Recommendation  Comment 

 Increased risk—patients with history of polyps at prior colonoscopy 
 Patients with small rectal 
hyperplastic polyps 

 –  Colonoscopy or 
other screening 
options at intervals 
recommended for 
average—risk 
individuals 

 An exception is patients with a hyperplastic 
polyposis syndrome. They are at increased risk 
for adenomas and colorectal cancer (CRC) and 
need to be identi fi ed for more intensive 
follow-up 

 Patients with one or two 
small tubular adenomas 
with low-grade dysplasia 

 5–10 years after the initial 
polypectomy 

 Colonoscopy  The precise timing within this interval should be 
based on other clinical factors (such as prior 
colonoscopy  fi ndings, family history, and the 
preferences of the patient and judgment of the 
physician) 

 Patients with three to ten 
adenomas or one adenoma 
>1 cm or any adenoma with 
villous features or 
high-grade dysplasia 

 3 years after the initial 
polypectomy 

 Colonoscopy  Adenomas must have been completely removed. 
If the follow-up colonoscopy is normal or shows 
only one or two small, tubular adenomas with 
low-grade dysplasia, then the interval for the 
subsequent examination should be 5 years 

 Patients with >10 adenomas 
on a single examination 

 <3 years after the initial 
polypectomy 

 Colonoscopy  Consider the possibility of an underlying 
familial syndrome 

 Patients with sessile 
adenomas that are removed 
piecemeal 

 2–6 months to verify complete 
removal 

 Colonoscopy  Once complete removal has been established, 
subsequent surveillance needs to be individual-
ized based on the endoscopist’s judgment. 
Completeness of removal should be based on 
both endoscopic and pathologic assessments 

 Increased risk—patients with CRC 
 Patients with colon and 
rectal cancer should 
undergo high-quality 
perioperative cleaning 

 3–6 months after cancer resection, 
if no unresectable metastases are 
found during surgery; alterna-
tively, colonoscopy can be 
performed intra-operatively 

 Colonoscopy  In the case of nonobstructing tumors, this can be 
done by preoperative colonoscopy. In the case of 
obstructing colon cancers, CTC with intrave-
nous contrast or DCBE can be used to detect 
neoplasms in the proximal colon 

 Patients that undergo 
curative resection for colon 
or rectal cancer 

 1 year after resection (or 1 year 
following the performance of the 
colonoscopy that was performed 
to clear the colon of synchronous 
disease) 

 Colonoscopy  The colonoscopy at 1 year is in addition to the 
perioperative colonoscopy for synchronous 
tumors. If the examination performed at 1 year 
is normal, then the interval before the next 
subsequent examination should be 3 years. If 
that colonoscopy is normal, then the interval 
before the next subsequent examination should 
be 5 years. Following the examination at 1 year, 
the intervals before subsequent examinations 
may be shortened if there is evidence of HNPCC 
or if adenoma  fi ndings warrant earlier colonos-
copy. Periodic examination of the rectum for the 
purpose of identifying local recurrence, usually 
performed at 3- to 6- month intervals for the  fi rst 
2 or 3 years, may be considered after low—
anterior resection of rectal cancer 

 Increased risk—patients with a family history 
 Either CRC or adenomatous 
polyps in a  fi rst-degree 
relative before age 60 years 
or in two or more  fi rst-
degree relatives at any age 

 Age 40 or 10 years before the 
youngest case in the immediate 
family 

 Colonoscopy  Every 5 years 

 Either CRC or adenomatous 
polyps in a  fi rst-degree 
relative  ³  age 60 years or in 
two second-degree relatives 
with CRC 

 40 years  Screening options 
at intervals 
recommended for 
average—risk 
individuals 

 Screening should begin at an earlier age, but 
individuals may choose to be screened with any 
recommended form of testing 

(continued)
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   Prevalence of CRC 

 Overall, there is a 5% per year incidence of colon cancer in 
the over 75 year group (40–50 cases/100,000 persons). 
The median age for diagnosis is age 70 (24.1% are 65–74 
years old, 26.2% are 75–84 years old, and 12.2% over 85 
years)  [  12  ] . Right-sided lesions, which are often asymp-
tomatic, accounted for 35% of all colon cancers in the over 

75 year age group  [  13,   14  ] . In a registry of over 65,000 
patients, a greater proportion of right-sided cancers were 
detected with increasing age  [  14  ] . The increasing preva-
lence of right-sided lesions and the increasing prevalence 
of colon cancer in the geriatric population argue for further 
screening where appropriate, especially if prior screening 
in the individual did not include evaluation of the right 
colon.  

 Risk category  Age to begin  Recommendation  Comment 

 High risk 
 Genetic diagnosis of FAP 
or suspected FAP without 
genetic testing evidence 

 Aged 10–12 years  Annual FSIG to 
determine if the 
individual is 
expressing the 
genetic abnormal-
ity and counseling 
to consider genetic 
testing 

 If the genetic test is positive, colectomy should 
be considered 

 Genetic or clinical 
diagnosis of HNPCC or 
individuals at increased risk 
of HNPCC 

 Aged 20–25 or 10 years before 
the youngest case in the 
immediate family 

 Colonoscopy 
every 1–2 years 
and counseling to 
consider genetic 
testing 

 Genetic testing for HNPCC should be offered to 
 fi rst-degree relatives of persons with a known 
inherited MMR gene mutation. It should also be 
offered when the family mutation is not already 
known, but one of the  fi rst three of the modi fi ed 
Bethesda criteria is present 

 In fl ammatory bowel 
disease, chronic ulcerative 
colitis and Crohn’s colitis 

 Cancer risk begins to be 
signi fi cant 8 years after the onset 
of pancolitis or 12–15 years after 
the onset of left-sided colitis 

 Colonoscopy with 
biopsies for 
dysplasia 

 Every 1–2 years, these patients are best referred 
to a center with experience in the surveillance 
and management of in fl ammatory bowel disease 

Table 58.1 (continued)

   Table 58.2    Guidelines and comments on cessation of CRC screening   

 Society  Recommendation 

 US Preventive Services Task Force (USPSTF)  [  1  ]   Continued screening in adults 75–84 years of age should be individualized 
 Not recommended in adults over 85 years 

 Kaiser Permanent Care Management Institute 
(KPCMI)  [  3  ]  

 Discontinuation of screening is generally recommended at age 75, provided that there is 
a history of routine screening 
 Discontinuation is recommended at age 80 for those with no history of routine screening 
 The decision to discontinue screening should be based on physician judgment, patient 
preference, the increased risk of complications in older adults, and existing comorbidi-
ties (consensus-based) 

 World Gastro Organization (WGO)  [  4  ]   No comment on age to stop screening 
 American Society for Gastrointestinal Endoscopy 
(ASGE)  [  5  ]  

 No comment on when to stop screening 

 American College of Colon and Rectal Surgeons  [  6  ]   No comment on when to stop screening 
 US Multi-Society Task Force and the American 
Cancer Society (USMSTF/ACS)  [  7  ]  

 In those with a prior polyp: discontinuation of surveillance colonoscopy should be 
considered in persons with serious comorbidities and with less than 10 years of life 
expectancy 

 British Society of Gastroenterology  [  8  ]   FOBT every 2 years offered to all persons 50–69 years of age (depending on location) 
with current plans to extend to age 75 in most areas 

 American Cancer Society/US Multi-Society Task 
Force and American College of Radiology (ACS/
USMSTF/ACR)  [  9  ]  

 No speci fi c age cutoff, comorbidity and life expectancy to guide decisions 

 American College of Gastroenterology (ACG)  [  10  ]   No comment on when to stop screening 
 American Gastroenterological Association (AGA) 
 [  11  ]  

 No comment on when to stop screening 
 Comment on need for shared decision-making and individualized approach 
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   Approach to CRC Screening in the Elderly 

 Most clinicians use an instinctive approach for decision-making; 
a shared approach to decision-making is just as important in 
geriatrics as in other populations. A clinician should consult 
with family/caregiver to corroborate history, examination, 
logistics, and ultimately decision-making for screening. 

 Two elements in evaluation can guide the clinician: func-
tional assessment and cognitive status. A functional assess-
ment should be part of every screening decision and includes 
activities of daily living (ability to feed, bathe, transfer, 
groom, and perform self-hygiene) and instrumental activities 
of daily living (managing  fi nances, appropriate intake of 
medications, use a telephone, shopping, housework), and 
ambulation. Ambulation and ability to follow instructions 
with regards to adherence to the medication regimen are key 
components of colonoscopy preparation. Dementia is com-
mon in older age; cognitive assessment is helpful not only to 
determine appropriateness of screening but also to know if 
the patient is capable of providing informed consent. 

 Geriatric patients are more likely to be subject to polyp-
harmacy with medications for diabetes, hypertension, and 
anticoagulation, with several comorbid processes requiring 
to be managed before and after the procedure. Hypoglycemic 
agents may need to be held prior to the procedure to avoid 
risk of hypoglycemia. Antihypertensives are generally con-
tinued on the day of the examination to avoid elevation of the 
blood pressure before or during the procedure; one must pre-
vent dehydration in those on diuretics. Management of anti-
coagulation is a key part of preprocedure counseling in the 
elderly (and detailed in Chap.   23       ). Most procedures can 
safely be done on aspirin with the use of warfarin and clopi-
dogrel use best individualized to patient and procedure  [  15  ] . 
 

  Case 

 A.G. would like to undergo colonoscopy for cancer 
screening if it is appropriate. He lives alone, walks with 
a cane, and is independent in his activities of daily liv-
ing. He has come with his son for today’s appointment. 

        

 A conceptual framework to approach screening decisions 
weighs four factors: risk of death from CRC, bene fi ts of 
screening, harms of screening, and patient’s personal prefer-
ences and desires  [  16  ] . 

 In geriatric medicine, prognosticating is a concept that 
incorporates calculating the  life expectancy  of the individual 
and the  age-speci fi c mortality . Life expectancy is the popula-
tion-based, expected mortality of a person. To account for 
the heterogeneity in the health status of the geriatric popula-
tion, life expectancy can be divided into “health percentiles” 
with the healthiest (fewest comorbidities) in the top 25th per-

centile (upper quartile) and the sickest in the bottom 25th 
percentile (lower quartile). 

 Age-speci fi c morality, originating from SEER 
(Surveillance Epidemiology and End Results) data, refers to 
the risk of dying of colon cancer in that particular age group. 
By multiplying the age-speci fi c mortality and the life expec-
tancy, the  risk of dying from colon cancer  can be calculated 
(Table  58.3 ). This number is useful in weighing the bene fi ts 
and burdens of screening and quanti fi es the clinical impres-
sion of life expectancy.   

 
  Case 

 A.G. is in the middle quartile given his comorbidities. 
His life expectancy is 9.3 years (Table  58.3 ). His risk 
of dying from colon cancer is 1.9%. 

    

 Colon cancer is a slow-growing cancer and progression 
from dysplasia to metaplasia takes several years. The slow 
biology of this tumor allows provision for a morbidity and 
mortality bene fi t through a number of screening tests. 
Additionally, colon cancer does not always present with 
obstructive symptoms, weight loss, or bleeding. Thus, with-
out CRC screening, silent cancers or advanced precancerous 
lesions would go undetected. 

 Although several tests are available for CRC screening, 
this chapter will focus on three widely used tests: fecal occult 
blood test (FOBT),  fl exible sigmoidoscopy, and colonoscopy. 
Double-contrast barium enema (DCBE) may be indicated in 
certain patients; however, local expertise limits a high-quality 
examination. Currently, this procedure is less commonly 
used and may be dif fi cult in the elderly. Although FOBT is 
noninvasive, the other two examinations have the feasibility 
for biopsy and polypectomy. Flexible sigmoidoscopy allows 
only for examination of the lower third of the colon. 

 FOBT may be guaiac testing (g-FOBT) or immunochemical 
FOBT (i-FOBT). A number of commercially available i-FOBTs 
are available in the market. Some have been compared to 
g-FOBT while others have only been tested on the ability to 
detect blood in the sample. When selecting a test for use, clini-
cians should see how the test characteristics were developed 
based on the manufacturer’s information  [  9  ] . A study revealed 
that NSAIDs, aspirin and anticoagulants increased the sensitiv-
ity of i-FOBT but not the speci fi city, an important  fi nding as 
many older patients are on anticoagulants  [  17  ] . 

 Stool-based testing is safe and effective in older patients. 
Stool tests are noninvasive but may be less acceptable to 
patients as seen by the nonadherence to screening FOBT  [  9  ] . 
In a meta-analysis, FOBT had a sensitivity of 36% and 
speci fi city of 96%, after adjusting for veri fi cation bias  [  18  ] . 
In general, the quality of the development, reading of the 
test, and dehydration of the sample limit g-FOBT test results 
or characteristics. 

http://dx.doi.org/10.1007/978-1-4419-1623-5_23
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 i-FOBT is more sensitive than guaiac-based FOBT and if 
negative, should be tested annually. A positive test requires a 
colonoscopic evaluation  [  9  ] . A comparison of six qualitative 
iFOBTs revealed performance differences and better sensi-
tivity in aspirin users  [  19–  21  ] . Rozen et al. examined i-FOBT 
in individuals over 75 who also underwent colonoscopy, and 
calculated sensitivity and speci fi city for a variety of fecal 
occult blood concentration. They found that at a stool hemo-
globin concentration threshold level of 50 ng/mL for positiv-
ity, the test resulted in a sensitivity of 85.7% and a speci fi city 
of 79.5%  [  22  ] . A positive i-FOBT or g-FOBT should prompt 
colonoscopic examination. 

 Fecal DNA tests primarily detect cancer, require a follow-up 
colonoscopy and are more expensive than i-FOBT. A multi-
target DNA panel detected 16 of 31 cancers and improved 

assays which included new markers improved its sensitivity 
 [  19,   23  ] . Stool DNA is included in ACS/USMSTF/ACR guide-
lines as an option for CRC screening but no recommendations 
are made regarding the interval for a repeat test if the initial test 
is negative  [  9  ] . 

 Blood assays are being evaluated as a noninvasive test 
that would have wider patient acceptance  [  19,   24,   25  ]  but are 
not yet available in clinical practice. 

 Colonoscopy and  fl exible sigmoidoscopy are more invasive, 
but provide the bene fi t of diagnosis and cure. Health economic 
analysis of CRC screening focuses on cost analysis; a more 
meaningful approach is the number needed to screen (NNS). 
A quantitative analysis in older patients, using NNS for men 
and women with varying levels of health, can help providers 
and patients make appropriate decisions  [  26  ] . In general, the 

   Table 58.3    Risk of dying from colon cancer   

 Age group (years 
and quartiles) 

 Life expectancy per 
quartile (years) 

 Risk of CRC death 
(%) per quartile 

 Number needed to screen (NNS) 

 FOBT  Flex sigmoidoscopy  Colonoscopy 
 Men 
 75–79 
 Upper  14.2  3.5  207  93  50 
 Middle  9.3  1.9  525  236  126 
 Lower  4.9  0.9  –  –  – 
 80–84 
 Upper  10.8  3.2  277  125  66 
 Middle  6.7  1.8  945  425  227 
 Lower  3.3  0.8  –  –  – 
 85–90 
 Upper  7.9  2.7  554  249  133 
 Middle  4.7  1.6  –  –  – 
 Lower  2.2  0.8  –  –  – 
 90 or older 
 Upper  5.8  2.0  2,008  903  482 
 Middle  3.2  1.1  –  –  – 
 Lower  1.5  0.5  –  –  – 
 Women 

 75–79 
 Upper  17  3.3  204  92  49 
 Middle  11.9  2.0  408  182  98 
 Lower  6.8  0.9  1,797  808  431 
 80–84 
 Upper  13  3.0  262  118  63 
 Middle  8.6  1.8  581  262  140 
 Lower  4.6  0.8  –  –  – 
 85–90 
 Upper  9.6  2.5  455  205  109 
 Middle  5.9  1.6  2,326  1,047  558 
 Lower  2.9  0.8  –  –  – 
 90 or older 
 Upper  6.8  1.8  1,163  523  279 
 Middle  3.9  1.0  –  –  – 
 Lower  1.5  0.4  –  –  – 

  Adapted from Walter and Covinsky  [  16  ]  and Ko and Sonnenber  [  26  ]   
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NNS and bene fi t is better in the younger and healthiest patients, 
while this falls with advancing age. Table  58.3  provides esti-
mates for men and women with varying life expectancy.  

 
  Case 

 For A.G., the NNS in order to prevent one colon cancer 
death is 227 as presented in Table  58.3 . 

    

 The potential harm from screening is an important con-
sideration. For FOBT, there is little health risk to the patient; 
however there is a risk of a false positive test result, which 
could lead to unnecessary evaluation and procedures. FOBT 
also has a false negative rate of 4% and a false positive rate 
of 64%  [  18  ] . An abnormal test result may cause psychologi-
cal stress to the patient and family. In addition to harms, there 
is an added cost incurred by society for unnecessary or 
unwarranted testing and screening. There is a false negative 
rate with any procedure, and this concept should be explained 
to patients and families and must be weighted with the risk of 
the screening procedure. On the contrary, there is little to no 
health risk associated with FOBT.   

   Periprocedural Complications 

 In a meta-analysis of 265,171 Medicare bene fi ciaries who 
underwent colonoscopy, the authors found the incident rates 
for total adverse events (AE) was 51.4/1,000 cases for those 
80 and over, almost sevenfold higher than those age 65 and 
over; the  fi ndings suggest a higher incidence of colonoscopy 
AEs as the patient ages. AEs, from most frequent to least 
frequent, were cardiopulmonary complications, postpolypec-
tomy bleeding, and perforation. There was only a slight 
increase in mortality for those over 80 years of age  [  27  ] . 

 The most important piece of this framework is the patient 
preference. The physician should initiate an unhurried and 
thorough conversation to elicit the patient’s and family’s atti-
tudes and beliefs about health screening. This conversation 
takes time, a barrier in a busy practice. A conversation about 
colon cancer screening in those over 75 years should convey 
that there is no universal guideline for CRC screening in the 
older adult and that a variety of factors have to be considered 
towards making an informed decision.  

   Additional Issues Pertinent to Colonoscopy 
in the Elderly 

 For CRC screening examination to be complete, it must be 
thorough, with complete visualization of the colon and per-
formed in reasonable time. Optimal colonoscopy perfor-

mance relies on a well-cleansed bowel. Decreased social 
support, limited mobility, comorbidity (e.g., cognitive 
impairment), and polypharmacy in fl uence colonic motility 
and contribute to suboptimal bowel preparation. Age, male 
gender, and diabetes have been cited in the literature as addi-
tional factors for poor bowel preparation  [  28,   29  ] . Clinicians 
should anticipate these factors and consider 2-day preps, 
split-dose prep, bedside commode, collaborating with home 
health services and bilingual prep information, where 
appropriate. 

 Older patients are at increased risk for incomplete examina-
tion  [  30,   31  ] . A regression analysis showed functional status 
(OR 4.2) and cognitive status (OR 5.2) to be predictors of an 
incomplete examination compared to age alone (OR 0.9)  [  32  ] . 

 
  Case 

 A.G. underwent a screening colonoscopy and was 
found to have a small 2 mm cecal polyp and a larger 
2 cm tubulovillous adenoma which was removed endo-
scopically and found to have a focus of carcinoma. 
Since clear margins were not seen, the patient was 
referred to surgery and underwent a segmental sigmoid 
resection with primary anastamosis. He will need a 
surveillance examination in 1 year. 

  

   Emerging Techniques for Colorectal 
Cancer Screening 

 Efforts are ongoing for development of safe and effective 
methods for CRC screening which patients would readily 
accept and not incur substantial costs to society. Colonoscopy 
remains the gold standard despite reports of missed lesions, 
barriers to patient adherence, and direct and indirect costs of 
the procedure. Newer screening technologies include 
enhanced endoscopic interventions, less invasive radio-
graphic tests, and noninvasive stool and blood tests  [  19,   33  ] . 
Recommendations for incorporation into practice await fur-
ther studies for most of these modalities. 

 Endoscopic advances include improved methods for 
bowel cleansing for colonoscopy and more tolerable and 
safer preparations that are dosed for optimal ef fi cacy  [  9,   34–
  36  ] . Polyethylene glycol solution may be safer in the older 
patient, with fewer electrolyte disturbances compared to 
sodium phosphate or magnesium containing preparations in 
this age group  [  35  ] . 

 New endoscopic techniques are high magni fi cation chro-
moscopic colonoscopy, confocal spectroscopy, and optical 
coherence tomography  [  33  ] . The potential increased sensi-
tivity and speci fi city for detecting neoplastic mucosal 
changes is yet to be validated in clinical studies. 
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 On the other hand, noninvasive endoscopy via the colon 
capsule endoscopy is an emerging new modality, already 
tested in the over 80 year age group and ready for incorpora-
tion into a colon cancer screening algorithm  [  9,   23,   37,   38  ] . 
The PillCam Colon is well tolerated and detection of clini-
cally signi fi cant colon polyps could select out those patients 
requiring colonoscopy  [  39  ] . A second-generation colon cap-
sule has been found to be safe, with sensitivities of 84% and 
88% for the detection of polyps >6 and >10 mm, respec-
tively, in patients aged 60–69 years  [  23  ] . 

 Computed tomographic colonography (CTC) and mag-
netic resonance colonography (MRC) are the two minimally 
invasive radiographic techniques studied in screening for 
CRC  [  19,   33,   40–  43  ] . CTC is also known as virtual colonos-
copy (VC), requires bowel preparation, although stool tag-
ging techniques have enhanced polyp detection, and air 
insuf fl ation may cause patient discomfort. A major bene fi t of 
CTC is that it is noninvasive and time-ef fi cient, with 10 min 
of procedure time but none for sedation or recovery. The 
limitations include the need for bowel preparation for CTC 
and same day or subsequent referral for colonoscopy if 
polypectomy is required and if not performed the same day, 
entails yet another bowel cleansing. Reimbursement for CTC 

is limited and may be only for the clinical indication of an 
incomplete colonoscopy. As with colonoscopy, CTC is oper-
ator-dependent, with minimal risk for radiation exposure. 
Finally, in the elderly, there may be increased detection of 
extracolonic lesions of questionable clinical signi fi cance. 

 The American College of Radiology Imaging Network 
(ACRIN) trial reported a sensitivity of 90% and speci fi city 
of 86% for polyps >10 mm and low detection rates for 
smaller polyps with CTC  [  41  ] . If the initial examination 
is negative, CTC is recommended every 5 years in the 
joint guidelines published by the ACS/USMSTF/ACR  [  9  ] . 
A recent observational study found CTC to be a safe and 
effective screening tool for older patients  [  42  ] . MRC can be 
performed without bowel preparation and air insuf fl ations 
but is more expensive and contraindicated in patients with 
pacemakers, metal implants, and claustrophobia. Further 
studies will determine if it will be a cost-effective screening 
option. 

 In summary, today we have several options for CRC 
screening in the geriatric patient; each option has unique 
advantages and disadvantages that are listed in Table  58.4  
 [  9  ] . On the other hand, the options provide opportunity to 
tailor screening to every geriatric subject.  

   Table 58.4    Test    options for CRC screening   

 Test  Retest interval  Advantage  Disadvantage 

 Cancer prevention 
 Colonoscopy  10 years  Entire colon is visualized 

 Polypectomy and biopsy feasible 
 Expensive-direct/indirect costs 
 Poor patient compliance 
 Bowel preparation required 
 Perforation, bleeding, sedation risks 
 Missed lesions 

 Flexible 
sigmoidoscopy 

 5 years  Low cost 
 No sedation 
 Shown to reduce disease/death from 
left-sided cancers 
 Biopsy/polypectomy is feasible 

 Bowel preparation required 
 Proximal lesions are missed 
 No sedation—not ideal for polypectomy, 
uncomfortable 
 Colonoscopy if lesions detected 

 Double contrast barium 
enema (DCBE) 

 5 years  Moderate cost 
 No sedation 
 Detects polyps >1 cm 
 Low complications 

 Bowel preparation required, uncomfortable 
 Low sensitivity 
 Biopsy not feasible 
 Colonoscopy is indicated if a lesion is detected 
 No study has shown reduction in mortality 

 Computed tomo-
graphic colonography 
(CTC)/virtual 
colonoscopy 

 5 years  Noninvasive, no sedation, time-ef fi cient 
 Good sensitivity for polyps >1 cm 
 Low risk of perforation 
 Can be followed by traditional colonoscopy 
if positive 
 Detection of extra colonic  fi ndings 

 Expensive 
 Poor results for small polyps 
 Requires bowel preparation 
 Discomfort due to air insuf fl ation 

 Colonoscopy indicated if lesion detected 
 Detection of incidental extra colonic  fi ndings, 
often of no clinical signi fi cance 

 PillCam colonoscopy  NA  Appears to be better accepted 
 Good sensitivity/speci fi city in early studies 

 Requires bowel preparation 
 No therapeutic option 

(continued)
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  Key Points 

    The incidence of colon cancer increases with age. Frequency • 
of right-sided lesions increases as age advances.  
  Current guidelines support individualization of screening • 
recommendations for those adults over 75 years of age 
who have not been previously screened.  
  Several screening methods are available; one or more may • 
be applicable and requires discussion with the patient 
and/or caregiver.  
  Decisions on when to begin screening, frequency of • 
screening, and cessation of screening are best individual-
ized in older subjects.  
  Shared decision-making must factor life expectancy, risk • 
of death from colon cancer, bene fi ts and burdens of the 
examination, and patient preference.  
  Obstacles to suboptimal bowel preparation and incomplete • 
examination should be identi fi ed and addressed early.          
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  A polyp refers to a growth, mass, or protuberance arising 
from the normally  fl at mucosal surface of the gastrointestinal 
tract. Polyps can be categorized as neoplastic or nonneoplas-
tic. Their endoscopic appearance may be sessile, peduncu-
lated, or intermediate. True polyps or epithelial polyps derive 
from cells of the mucosal layer, but a multitude of other 
lesions sometimes called polyps during endoscopic exami-
nation actually arise from the deeper submucosal or muscle 
layers (Table  59.1 ). The majority of gastrointestinal polyps 
are discovered incidentally during endoscopy. However, 
large polyps may present with luminal obstruction, overt 
bleeding, or iron de fi ciency anemia. This chapter will dis-
cuss the most common epithelial gastrointestinal polyps and 
certain other lesions that occur at higher frequency in the 
elderly.  

 The incidence and prevalence of most malignancies 
increases with age. Data from international repositories and 
the Surveillance Epidemiology and End Results (SEER) 
database in the United States show a gradual rise of all gas-
trointestinal malignancies over time (Fig.  59.1 )  [  1  ] . The 
prevalence of most gastric and colorectal polyps increases 
with age  [  2–  4  ] . Exceptions to this rule include the juvenile 
polyps and syndromic polyps such as familial adenomatous 
polyposis (FAP) and others. Several factors are thought to 
contribute to the increasing incidence of neoplasia in the 
elderly. The progressive decline of the immune system  [  5  ] , 
increasing exposure to carcinogens  [  6  ] , accumulation of 
abnormal chromatin  [  7  ] , and an inability to repair DNA 
abnormalities  [  8  ]  have all been implicated in age-related 
DNA damage and carcinogenesis  [  9  ] . Several chronic condi-
tions of the gastrointestinal tract such as atrophic gastritis, 
in fl ammatory bowel disease, and Barrett’s esophagus are 
known to increase the risk of neoplasia over time.  

   Adenomas 

 Adenomas are de fi ned as epithelial dysplasia and are a pre-
cursor lesion for adenocarcinoma  [  10  ] . They occur in the 
entire gastrointestinal tract with varying degrees of fre-
quency. They are most common in the colon and rectum, 
where about 60% of polyps detected endoscopically are ade-
nomas. The prevalence of colonic adenomas at age 50 is 
about 25–30%  [  2  ] , while the prevalence at age 70 in autopsy 
series approaches 50%  [  11  ] . Adenomas detected in the 
elderly are more frequently right-sided, and more often dis-
play advanced histology. 

 Gastric adenoma prevalence ranges from 0.5 to 3% in 
countries in the Western Hemisphere, but may be as high as 
20% in nations where high risk of gastric cancer is reported 
 [  3,   12  ] . In western countries, 3–7% of gastric polyps are ade-
nomas, and two-thirds occur in patients older than 60 years of 
age  [  13  ] . The increased age-related incidence of adenomas 
can be attributed in part to the higher incidence of atrophic 
gastritis in the elderly. Complete or partial atrophy of the 
antrum and lesser curvature is strongly associated with the 
development of gastric adenomas  [  14  ] . Progression to cancer 
is higher in polyps greater than 2 cm, villous histology, and 
with high-grade dysplasia  [  15  ] . Management of gastric ade-
nomas is similar to other dysplastic lesions in the GI tract. 
The American Society of Gastrointestinal Endoscopy (ASGE) 
and the British Society of Gastroenterology (BSG) recom-
mend complete removal of gastric adenomas. Endoscopic 
snare polypectomy or advanced techniques such as Endoscopic 
Mucosal Resection (EMR) or Endoscopic Submucosal 
Dissection usually are successful. Given the high incidence of 
synchronous lesions, careful examination of the entire stom-
ach with representative biopsies should be performed. Repeat 
endoscopy is indicated within 6–12 months, depending on 
completeness of resection and presence of high-grade dyspla-
sia. Lifetime endoscopic surveillance is indicated once an 
adenoma has been detected  [  16,   17  ] . 

 Small bowel adenomas are rare, but appear to be increas-
ing in frequency in the past decade possibly due to advanced 
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   Table 59.1    Polyps of the gastrointestinal tract categorized by location   

 Lesion 
 Organ 

 Esophagus  Stomach  Duodenum  Small bowel  Colon 

 Epithelial 
  Adenoma 
  Fundic gland polyp 
  Hamartoma 
  Hyperplastic polyp 
  In fl ammatory pseudopolyp 
  Papilloma 

 Ö 
 – 
 Ö 
 Ö 
 Ö 
 Ö 

 Ö 
 Ö 
 Ö 
 Ö 
 Ö 
 – 

 Ö 
 – 
 Ö 
 Ö 
 Ö 
 – 

 Ö 
 – 
 Ö 
 Ö 
 Ö 
 – 

 Ö 
 – 
 Ö 
 Ö 
 Ö 
 – 

 Nonepithelial 
  Brunner gland hyperplasia 
  Carcinoid 
  Cyst 
  Desmoid 
  Ectopic pancreas 
  Fibrovascular polyp 
  Granular cell tumor 
  Glycogenic acanthosis 
  Hemangioma 
  In fl ammatory  fi broid polyp 
  Lipoma 
  Lymphangioma 
  Lymphoma 
  Metastases 
  Neuroendocrine neoplasm 
  Spindle cell neoplasm 
  Xanthoma 

 – 
 Ö 
 Ö 
 Ö 
 Ö 
 Ö 
 Ö 
 Ö 
 Ö 
 Ö 
 Ö 
 Ö 
 Ö 
 Ö 
 Ö 
 Ö 
 Ö 

 – 
 Ö 
 Ö 
 Ö 
 Ö 
 – 
 Ö 
 – 
 Ö 
 Ö 
 Ö 
 Ö 
 Ö 
 Ö 
 Ö 
 Ö 
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 Ö 
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 Ö 
 Ö 
 Ö 
 Ö 
 Ö 
 Ö 
 Ö 
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 Ö 
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 Ö 
 Ö 
 Ö 
 Ö 
 Ö 
 Ö 
 Ö 
 Ö 

  “Checked” boxes indicate at least one report of a particular polyp in a particular portion of the GI tract  
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detection techniques such as capsule endoscopy, double-
balloon enteroscopy and enterography  [  18,   19  ] . They are 
more common in the proximal bowel, and in patients older 
than 65 years of age  [  20  ] . Duodenal adenomas are seen in 
80% of patients with FAP, and in 4% of patients with heredi-
tary nonpolyposis colon cancer  [  20  ] . Small bowel adenomas 
should be resected either endoscopically or surgically. A large 
proportion of duodenal adenomas will involve the ampulla of 
Vater, making resection more complicated. Moreover, 
although one-third of duodenal adenomas will become an 
adenocarcinoma, the decision to perform signi fi cant resec-
tions such as a pancreaticoduodenectomy for adenomas 
needs to be weighed carefully against the age and comorbidi-
ties of the patient. 

 Esophageal adenomas arise mostly from Barrett’s epithe-
lium, but reports of adenomas arising from gastric heteroto-
pia of the proximal esophagus have been described. Barrett’s 
esophagus with dysplasia is reviewed elsewhere.  

   Hyperplastic Polyps 

 Hyperplastic polyps are generally considered nonneoplastic 
and are fairly common in the stomach and colon. Notable 
exceptions to the nonneoplastic status of hyperplastic polyps 
are a small proportion of serrated dysplastic polyps of the 
colorectum  [  10  ]  and adenocarcinoma arising from large gas-
tric hyperplastic polyps  [  21  ] . Hyperplastic polyps of the 
esophagus and small bowel are uncommon and will not be 
discussed further. 

 Hyperplastic polyps of the stomach represent 30–90% of 
gastric polyps  [  3,   12,   22  ] . Higher rates are seen in countries 
where the incidence of  H. pylori  is high. The median age is 
65 years  [  3,   23  ] . They are found mostly in the antrum, but 
may develop at any site in the stomach or at anastomoses. 
The most common symptoms due to hyperplastic polyps are 
acute or chronic blood loss, and rarely intermittent gastric 
outlet obstruction when prolapsing through the pylorus  [  24  ] . 
In contrast to colorectal hyperplastic polyps, gastric hyper-
plastic polyps are strongly associated with an underlying 
mucosal in fl ammatory process. Abraham and associates 
found that 61% of 160 patients with hyperplastic polyps had 
some type of chronic gastritis, including active  H. pylori  
infection, atrophic gastritis, chemical gastropathy, or autoim-
mune metaplasia  [  23  ] . Eradication of  H. pylori  is associated 
with regression of up to 80% of gastric hyperplastic polyps 
 [  25  ] . Although considered nonneoplastic, the incidence of 
dysplasia arising from hyperplastic polyps ranges from 1.5 to 
19%, and the incidence of malignancy ranges from 0.5 to 7% 
 [  26–  28  ] . Malignant transformation is seen most often in pol-
yps greater than 2 cm. However, some authors believe that 
the dysplastic changes are actually a re fl ection of the back-
ground atrophic gastritis, which in itself is a risk factor for 

malignancy  [  29  ] . In support of these assumptions is the 
observation that when dysplasia or malignancy is found in 
gastric hyperplastic polyps, the incidence of synchronous 
malignancy in other parts of the stomach may be as high as 
12%  [  26  ] . 

 Endoscopic biopsy is accurate for diagnosing gastric 
hyperplastic polyps, but biopsies without complete resection 
may miss a region of dysplasia or malignancy in a polyp 
 [  30  ] . Confocal laser endomicroscopy has been shown to 
improve the in vivo differentiation of adenomas vs. hyper-
plastic polyps of the stomach  [  31  ] , but resection of polyps 
greater than 0.5–1 cm is recommended by the ASGE  [  16  ] . In 
addition, a careful examination of the entire stomach should 
be performed, along with representative biopsies of different 
gastric regions and of any visible abnormalities.  H. pylori  
should be sought and eradicated. If polyps larger than 1 cm 
are removed, or if dysplasia was present in any polyp, repeat 
the EGD in 1 year  [  16,   17  ] . 

 Hyperplastic polyps of the colon are seen frequently 
during screening colonoscopy. They are part of the serrated 
polyp family and have a variable association with dysplasia 
and malignancy. Small hyperplastic polyps in the sigmoid 
and rectum are typically benign, and require no further 
workup  [  32  ] . Large or proximal hyperplastic polyps have 
been classi fi ed as “proximal nondysplastic-serrated pol-
yps” (NDSP) or sessile-serrated polyps  [  33  ] . The serrated 
adenoma or dysplastic-serrated polyp is considered another 
step in the evolution of the malignant transformation of 
hyperplastic polyps. The molecular pathway to carcino-
genesis for serrated polyps appears to involve the BRAF 
oncogene and microsatellite instability  [  34  ] , as opposed to 
the typical APC pathway described in the adenoma-to-car-
cinoma sequence  [  35  ] . The presence of large NDSP has 
been associated with an increased risk of synchronous 
advanced neoplasia  [  36  ] . Sessile-serrated adenomas are 
uncommon, but have a high incidence of dysplastic change, 
ranging from 4 to 37%  [  37–  40  ] . De fi nitive guidelines for 
management of serrated dysplastic polyps are lacking. 
However, it is recommended that polyps 1 cm or larger in 
the colon be removed, regardless of their location  [  32  ] . 
Because the time interval from dysplasia to cancer may be 
shorter than that of the standard adenoma, some authors 
recommend surveillance intervals of 1–3 years for patients 
with serrated neoplasia  [  41  ] .  

   Fundic Gland Polyps 

 Fundic gland polyps (FGP) are found exclusively in the 
stomach corpus and are one of the most common types of 
gastric polyp  [  42  ] . FGP occur in two settings: sporadic pol-
yps and FGP associated with FAP. Sporadic polyps are usu-
ally thought to be less than 1 cm in size and on average 
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number ten or less  [  4  ] . They are associated with a very low 
prevalence of  H. pylori  infection  [  43  ]  and have been reported 
to be more frequent with chronic PPI use  [  44  ] . Sporadic FGP 
are not generally thought to be precancerous, but many FGP 
will have B-catenin gene mutations  [  45  ] . However, the risk 
of dysplasia in sporadic FGP is less than 1%. In contrast, 
FGP associated with FAP (syndromic FAP) harbor somatic 
APC mutations and 40% will have dysplasia at the time of 
biopsy or polypectomy  [  46,   47  ] . Patients with FAP often 
have FGP, but syndromic FGP are typically younger than 
those with sporadic FGP. Numerous polyps are usually seen 
with syndromic FAP, sometime described as a “carpet of pol-
yps.” The BSG and several authors recommend considering 
colonoscopy for patients with multiple FGP or with FGP that 
have dysplasia  [  17,   42  ] . Most authors recommend resection 
of polyps greater than 1 cm in size, but speci fi c follow-up for 
sporadic FGP is not necessary.  

   Neuroendocrine Tumors 

 Neuroendocrine tumors (NETs) of the digestive system 
account for about 2% of all GI malignancies. Approximately 
half of GI NETs are carcinoid tumors. The overwhelming 
majority of noncarcinoid NETs are located in the pancreas 
 [  48  ] , and will not be discussed in this chapter. This section 
will focus on luminal GI NETs, which are almost always 
carcinoid tumors. Carcinoids are well differentiated endo-
crine neoplasms that arise from enterochromaf fi n cells of the 
GI tract  [  49  ] . They can be classi fi ed based on their embryo-
logic origin (foregut, midgut, or hindgut), histologic appear-
ance, and on their biologic behavior (benign vs. malignant). 
The incidence of carcinoid tumors in the United States and 
Europe is increasing. Rising rates are documented for all GI 
carcinoids, but the largest relative increase is for gastric car-
cinoids  [  50,   51  ] . The increasing incidence may be a result of 
increasing detection with advanced imaging and endoscopic 
techniques, rather than a true increase in the disease. 
Carcinoid tumors of the GI tract are found mostly in the sixth 
decade of life, except for appendiceal carcinoids which are 
most prevalent at a median age of 47 years  [  50,   51  ] . Possible 
risk factors for developing carcinoid tumors are a family his-
tory of malignancy; and speci fi cally for gastric carcinoids, a 
long-term history of diabetes  [  52  ] . 

 Most patients with carcinoid tumors are asymptomatic. 
The neoplasm is often detected incidentally at the time of 
endoscopy or surgery for other indications. Carcinoids of the 
small bowel tend to cause symptoms more often than at other 
locations. Reported symptoms include abdominal pain in 
60%, bowel obstruction in 25%, and the carcinoid syndrome 
in about 7% of patients  [  53,   54  ] . The tumors arise from neu-
roendocrine cells in the deep mucosa or submucosa and often 
produce sessile polyps early-on. Diagnosis with standard 

endoscopic biopsy forceps is usually successful, although 
polypectomy is sometimes necessary if the tumor is com-
pletely subepithelial. Given the deep location of the progeni-
tor cells, standard polypectomy techniques are seldom 
adequate to completely remove a gastrointestinal carcinoid. 
The management of carcinoid tumors depends on their loca-
tion and likelihood of aggressive biologic behavior. 

 Three types of gastric carcinoids have been described  [  54, 
  55  ] . Type I is related to atrophic gastritis with hypergastrine-
mia, and accounts for 80% of gastric carcinoids. They very 
rarely metastasize. EMR can be performed for larger polyps 
or polyps that ulcerate. Prior to EMR, endoscopic ultrasound 
is recommended to measure the lesion precisely and to verify 
that it does not involve the muscularis propria  [  56  ] . If polyps 
recur or are too numerous to remove, an antrectomy will 
allow for regression of the carcinoid tumors by eliminating 
the source of gastrin. Type II carcinoids comprise about 5% 
of gastric carcinoids and occur in the setting of Zollinger-
Ellison syndrome or multiple endocrine neoplasia (MEN) 
type I. Resection (endoscopic or surgical) of the carcinoids 
and resection of the gastrinoma are adequate treatment. Type 
3 gastric carcinoids are sporadic, account for 20% of gastric 
carcinoids, and are the most likely to progress to malignancy. 
Type 3 carcinoids should be treated with partial or total gas-
trectomy and lymph node dissection  [  57  ] . 

 Carcinoids of the small bowel, colon and rectum are 
treated based on their location, size, presence of spread 
beyond the gut wall, and whether or not metastases are pres-
ent. Tumors less than 1 cm in size that can be reached endo-
scopically can be resected by EMR. Larger lesions or those 
with loco-regional spread require surgical excision with wide 
margins in order to optimize survival  [  58  ] .  

   Rare Polyps with Preponderance for the Elderly 

 In fl ammatory  fi broid polyp (IFP) was  fi rst described in 
1949 and called “eosinophilic submucosal granuloma” 
 [  59  ] . IFPs arise from the submucosal layer, have been 
described throughout the GI tract, but are most common in 
the stomach antrum  [  42  ] . Previously thought to be nonneo-
plastic, both gastric and small bowel IFPs have been shown 
to harbor mutations in platelet-derived growth factor recep-
tor, similar to benign stromal tumors of the GI tract  [  60  ] . 
IFPs are most common in the sixth decade of life and are 
often associated with chronic in fl ammatory activity such as 
atrophic gastritis  [  61  ] . Forceps biopsy is not always ade-
quate for diagnosis because these lesions often have normal 
overlying epithelium. IFPs are not thought to have malig-
nant potential, but may ulcerate or rarely cause luminal 
obstruction. Endoscopic resection is usually adequate if the 
resection extends deep into the submucosa, as with EMR or 
ESD  [  17  ] . 
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 Fibrovascular polyps of the esophagus represent a group 
of large benign stromal polyps that are composed of varying 
degrees of  fi brous, adipose, and muscular components with 
normal overlying squamous mucosa  [  62  ] . They are rare pol-
yps that usually arise from the proximal esophagus and grow 
sausage-like within the esophageal lumen. They are usually 
symptomatic later in life when the large polyp size can cause 
dysphagia, emesis, cough, and even asphyxiation due to pro-
lapse into the larynx  [  63  ] . Resection of these large polyps 
usually requires a surgical approach, but there are reports of 
successful endoscopic resection  [  64  ] . 

  Key Points 

    Polyps of the gastrointestinal tract increase in frequency • 
with advancing age and are often found incidentally.  
  The most common mucosal polyps are adenomas and • 
hyperplastic polyps.  
  Gastric mucosal polyps often arise in a background of • 
in fl ammation or intestinal metaplasia of the stomach.  
  Polyps greater than 1 cm in size should be removed, and • 
small polyps sampled representatively.  
  Advances in endoscopic technologies have allowed for • 
improved accuracy of polyp detection and for resection of 
lesions deep within the gut wall.          
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 Gastric cancer is the second leading cause of death due to 
cancer; in 2002, an estimated 900,000 new cases were diag-
nosed, making it the fourth most common cancer worldwide, 
with approximately 700,000 deaths from this disease  [  1  ] . As 
a group, gastric neoplasms can be classi fi ed broadly into 
 gastric adenocarcinomas (GC), gastrointestinal stromal 
tumours (GISTs) and primary gastric lymphomas (PGLs). 
Gastric adenocarcinomas are by far the most common form 
of gastric neoplasm, with rates of PGL accounting for only 
5% of all gastric neoplasms and GIST being responsible 
for only ~1% of all gastrointestinal tumours  [  2,   3  ] . 

   Gastric Adenocarcinoma    

 Gastric adenocarcinoma is the most common form of gastric 
neoplasm. Incidence of gastric cancer is highest in China, 
Japan, Korea and Eastern Europe. Early detection is crucial 
for the management of this condition, with outcomes largely 
dependent on staging at detection. Unfortunately, in the 
western world, GC is often diagnosed at an advanced stage, 
with an overall 5-year survival rate of less than 30%  [  4  ] , 
while Japan reports a 5-year survival rate of over 60%  [  5  ] . 
This may be due to the systematic screening programme that 
Japan has in place  [  6  ] . 

   Epidemiology and Aetiology 

 GCs are of two histological types, based on the Lauren 
classi fi cation: intestinal and diffuse  [  7  ] . Diffuse type GC 

has a greater likelihood of presenting in younger patients, 
has an association with pernicious anaemia and is more 
likely to have a genetic basis. The more common intestinal-
type GC follows a better de fi ned progression pathway, from 
metaplasia to dysplasia and to carcinoma. Intestinal-type 
GC is the most common form of gastric neoplasm in the 
elderly population. Vascular and lymphatic invasion were 
found more frequently in the older than in middle aged 
groups  [  8  ] . The incidence of the scirrhous type did not differ 
between the two groups but the medullary type and interme-
diate type occurred more frequently in the elderly. 

 Overall, GC incidence is decreasing worldwide (although 
cancers speci fi cally at the gastro-oesophageal junction are 
on the increase for reasons not clear); this is at least partially 
attributed to the success of  Helicobacter pylori  ( H. pylori ) 
eradication. The discovery of  H. pylori  in 1983 markedly 
changed the gastric carcinogenic theory, especially with 
regards to the more common intestinal-type GC. It is now 
widely accepted that there is a strong association between  H. 
pylori  infection and gastric cancer  [  9,   10  ] .  H. pylori  infection 
induces chronic in fl ammation of the gastric mucosa and atro-
phic gastritis  [  11  ] . The subsequent resulting intestinal meta-
plasia is regarded as essential in the progression pathway for 
intestinal-type GC. 

 An interesting point regarding the relationship between 
 H. pylori  infection and GC incidence can be observed 
when analysing GC rates in Sub-Saharan Africa.  H. pylori  
is ubiquitous in Africa, with some studies showing up to 
86.5% of children being infected  [  12  ] ; the majority of 
them with the cytotoxin-associated gene A (cagA) strain 
which is well recognised as being associated with 
increased levels of in fl ammation and thus confers a higher 
risk of GC  [  12  ] . However, GC rates in Soweto were found 
to be relatively low compared with the rates of  H. pylori  
infection  [  13  ] . This “African Enigma” has several possible 
explanations; one of which involves high levels of para-
sitic co- infection in Sowetan adults and children resulting 
in high systemic levels of total IgE and IgG  [  1  ] . This 
implies a  different immune response to  H. pylori  in this 
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community  [  14  ] . Also, in the same vein,  H. pylori  infection 
with  helminth co-infection (which is common in Sub-
Saharan Africans) has been shown to result in a T-helper 
2 (Th2) rather than a T-helper 1 (Th1) immune response 
 [  15  ] . This is signi fi cant, as Th2 immune responses are 
associated with less gastric corpal atrophy and mucosal 
metaplasia as compared with Th1 responses, thus result-
ing in possibly lower rates of GC. 

 Other chronic mucosal in fl ammatory states such as 
chronic atrophic gastritis are also shown to predispose indi-
viduals to develop GC. In addition, as in other gastrointesti-
nal sites (such as the colon), mucosal polyps in the stomach 
may predispose to gastric cancer. However, unlike in the 
colon, adenomas with a malignant potential are far rarer in 
the stomach and thus polyp related GCs are far less common 
than  H. pylori  related diffuse type GCs. 

 Common Western lifestyle factors such as alcohol and 
cigarette smoking have been implicated as risk factors for 
GC, besides certain dietary components such as salt and fried 
food. There is conjecture as to whether these factors contrib-
ute to increased risk of GC in certain ethnic populations 
around the world, without conclusive data. Risks and predis-
positions are listed Table  60.1 .  

 The potential carcinogenicity of certain medications in 
pathogenesis of GC is debated. Use of oral bisphosphonates, 
known to cause esophagitis, was not signi fi cantly associated 
with incident esophageal or gastric cancer  [  16  ] . Anti-
in fl ammatory medications are stated as potentially protec-
tive in a variety of gastrointestinal malignancies. Daily 
aspirin intake reduced deaths in several cancers including 
esophageal, stomach and colorectal cancer, in an analysis of 
eight eligible trials with 670 cancer deaths, involving differ-
ent populations  [  17  ] , despite the known ulcerogenic effect 
of aspirin in the stomach. The bene fi ts from aspirin may 
relate to inhibition of cyclooxygenase, a player in prostaglandin 
synthesis.  

   Clinical Features, Diagnosis and Staging 

 Typical presenting symptoms of GC include abdominal 
pain, anorexia, early satiety, malena and weight loss. 
Signs that may be present on examination include a pal-
pable left supraclavicular node (Virchow’s node), palpable 
abdominal mass or palpable ovarian mass (Krukenberg 
tumour). However, many of these symptoms often occur 
late in the disease course, and thus the disease is often at 
an advanced stage by the time the typical patient seeks 
medical attention. 

 Upper gastrointestinal endoscopy with biopsy will usu-
ally con fi rm the diagnosis of GC. Usually, a large ulcer-
ated mass lesion will be apparent; nevertheless, it is 
essential to take deep mucosal biopsies as some forms of 
GC such as linitis plastica may not be readily evident at 
endoscopy. Mass lesions are most typically seen at the 
angularis, lower gastric body and antrum, although increas-
ingly lesions are being seen at the gastro-oesophageal 
junction (whether these lesions represent true gastric 
malignancies or are actually spread from oesophageal 
malignancies is open to debate). In the very elderly in 
whom endoscopy may be contraindicated on medical 
grounds, an upper gastrointestinal series may be useful to 
make a diagnosis, even without a tissue biopsy. 
Transabdominal ultrasonography is not helpful in the diag-
nosis of gastric cancer, in contrast to endoscopic ultra-
sound (EUS). 

 GC staging relies on the TNM (T-tumour depth, 
N-presence or absence of nodal involvement, M-presence 
or absence of metastatic involvement) staging system, rec-
ommended by the American Joint Committee on Cancer 
 [  18  ] . Contrast enhanced imaging with chest/abdominal/pel-
vis CT is considered standard for evaluation of metastatic 
disease in GC. However, diagnostic laparoscopy for staging 
should be considered in all possible candidates  fi t for surgi-
cal resection as CT has relatively low sensitivity for detect-
ing peritoneal spread. EUS plays a vital role and is ideal for 
the evaluation of tumour penetration (T-stage) with sensi-
tivities of not lower than 82% for all T stages (up to 99% 
for T4)  [  19  ] . It can also play a role in evaluating local nodal 
spread with a reported sensitivity of between 89 and 92% 
 [  20  ] . The role for FDG-PET and serum tumour markers in 
GC is unclear, and should not be considered as part of rou-
tine staging  [  21  ] . Despite the fact that serum tumour mark-
ers lack data regarding their use in staging, other biochemical 
studies can be useful in the assessment of GC. For example 
low albumin concentrations were associated with lower 
survival in gastric cancer and thus can be used as a prog-
nostic marker; but the strength of the relationship may be 
really in fl uenced by systemic in fl ammatory responses 
 evidenced by the presence of elevated C Reactive Protein 
levels  [  22,   23  ] .  

   Table 60.1    Risk and predisposing factors for gastric cancer   

 Risk factors  Predisposing factors 

 Alcohol  Chronic atrophic gastritis, and 
pernicious anaemia 

 Cigarette smoking  Gastric polyps especially 
familial adenomatous polyposis 

  Helicobacter pylori  infection   H. pylori  infection 
 Genetic factors  Prior gastric surgery 

(e.g. post-gastrectomy) 
 Diet (low  fi bre, high salt)?  Menetrier’s disease 
 Foods with nitrites and nitrates  Type A blood group 
 Male gender?  Age over 70 years 
 Relative ( fi rst degree) with gastric 
cancer 

 Gastric adenoma 
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   Treatment 

 Treatment of GC includes surgery, chemotherapy (in an adju-
vant and/or neoadjuvant setting) and endoscopic techniques. 

 Surgery remains the preferable option in localised GC. The 
exact extent of surgery and associated lymph node dissection 
are debated. The current goal is to achieve a resection with a 
minimum of a D1 lymph node retrieval, with at least 15 lymph 
nodes needed for staging  [  24  ] . Some trials, mainly from Japan, 
have suggested better mortality data for D2 lymphadenectomy, 
but the outcomes have not been reproduced in Western popu-
lations  [  25  ] . Given the relative complexity of the operation, 
better outcomes are achieved in high-volume centres. Newer 
modalities such as laparoscopic resections are still lacking in 
data, and cannot be recommended presently. Chemotherapy 
remains a mainstay for treatment in both surgical resected 
patients and those deemed not suitable for surgery (on either 
staging or medical co-morbidity grounds). It is dif fi cult to 
advocate a standard of care for adjuvant chemotherapy as 
treatment regimes vary across countries in terms of the type 
and dose of chemotherapy. It is now generally regarded that 
multimodal treatment is the current standard of care, and sur-
gery alone is rarely offered as the sole form of treatment. 
Radiotherapy has been trialled as an adjunct to chemotherapy, 
with variable success; however, it plays an important role in 
treating bleeding from GC (i.e. malena). 

 Chemotherapy as the modality for treating advanced GC 
(as is often the case in older adults with GC) poses dif fi culties, 
aiming a balance of controlling disease activity vs. maintain-
ing quality of life for the patient. Newer regimes including 
oral chemotherapeutic agents appear superior to best sup-
portive care  [  26  ] . 

 Endoscopic therapy for GC is a relatively new  fi eld where 
endomucosal resection (EMR) and endoscopic submucosal 
dissection (ESD) are used for early gastric cancers (T1)  [  27  ] . 
These therapies are suitable for the elderly cohort, as the pro-
cedures are associated with minimal morbidity compared 
with surgical resection (subtotal/total gastrectomy); but in 
reality, most GCs in the geriatric population are discovered 
late due to the insidious onset of symptoms, presenting with 
late stage tumours (T3/4). Endoscopic therapy is also useful 
in the palliative treatment of patients with GC; endoscopic 
delivered gastric stents help treat complications such as gas-
tric outlet obstruction without resorting to high morbidity 
procedures such as gastric resections/bypasses.   

   Gastric Cancer in the Elderly 

 While the incidence of gastric cancer has been decreasing 
worldwide, the incidence of GC in older adults appears to be 
increasing  [  20  ] . The distribution of gastric neoplasms in the 
over 79 year group suggests a greater prevalence of antral 

localisation whereas in the below 70 year group, there appears 
a greater localisation at the corpus. Macroscopic appearance 
of both early and advanced stage GC is in fl uenced by age 
 [  28  ] . In the elderly, irrespective of tumour stage, the tumour is 
mainly well differentiated  [  20  ] . Advanced stage disease GC 
in older subjects exhibits more aggressive histological char-
acteristics as compared with early stage disease  [  20  ]  .  Also, 
synchronous cancers are more prevalent among the elderly, 
with their incidence increasing with age. In the older popula-
tion, the course of GC is characterised by less metastatic 
activity and recurrence; when metastases occur, they are 
mainly con fi ned around the primary tumour site  [  20  ] . This 
pattern of disease distribution with age explains the different 
surgical approach for GC in the old compared to the general 
population. Note that the widespread availability of endos-
copy with earlier diagnosis of GC combined with improved 
surgical and anaesthetic techniques have resulted in a 
signi fi cant increase in resection and curative resection rates in 
the elderly  [  20  ] . Thus standard surgical treatment for GC is 
feasible in the elderly with pre-existing morbidity. However 
in the frail elderly with signi fi cant co-morbidity and poor 
health, less aggressive surgical therapies may be applied. 

 In older patients there is a greater incidence of diffuse 
gastric cancer. Differences also exist in recurrence patterns; 
the <70 years group have more frequent loco-regional recur-
rences, while the over 70 year group manifests more perito-
neal and haematogenous recurrences  [  21  ] . In summary, GC 
presents age based clinico-pathological differences, a higher 
male/female ratio in the elderly, and pathologically, more 
frequent antral localization, with a greater incidence of peri-
toneal and haematogenous recurrence. In addition as older 
adults manifest co-morbidities and are on numerous medica-
tions, any surgical approach should be modulated on an indi-
vidual basis, with age itself not a contraindication for curative 
surgery. As the elderly have a reduced functional reserve, a 
subtotal gastrectomy may be the best surgical approach  [  21  ] . 
Surgical curability, de fi ned as no residual tumour, was less 
frequently attained in the older age group, compared to the 
middle age. Further, the elderly have a lower survival rate, 
with a higher post-operative death rate  [  20  ] . Older age by 
itself did not in fl uence morbidity and surgical complications, 
with long-term survival comparable to young patients  [  29  ] . 

   Conclusions 

 Overall, GC has a higher incidence and poorer survival in the 
elderly, likely as a result of medical co-morbidities and direct 
tumour related factors. This is demonstrated in a Japanese 
cohort, where the incidence of GC in the older age group 
(age > 70 years) has increased from 18.4% in the previous 
decade to 24.4% more recently, despite the overall decrease 
in incidence in patients of all ages  [  8  ] . Multiple gastric cancers 
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were found in 7.69% of the elderly with GC, signi fi cantly 
higher than that in the middle age patients with GC. The long-
term prognosis in the old is poor, because of delays in diagno-
sis and aggressiveness of the tumour  [  25  ] . However on the 
optimistic side most studies agree that  fi t elderly patients with 
operable GC should be candidates for the recommended stan-
dard extensive surgical resection accompanied by resection of 
at least 14 lymph nodes provided that existing co-morbidities 
and tumour location are considered  [  20  ] . Patients with oper-
able locally advanced disease should also be submitted to 
perioperative chemotherapy or post-operative chemoradio-
therapy. With regard to recurrent and metastatic disease pal-
liative systemic chemotherapy should be considered since it 
offers prolonged survival and preserves quality of life  [  20  ] .   

   Gastrointestinal Stromal Tumours 

 GIST is the most common subepithelial tumour of the stom-
ach, with an estimated prevalence of 129 per million accord-
ing to European population-based studies  [  30  ] . The median 
incidence is in the  fi fth decade but they can occur at any age 
from infancy to old age. The tumours are considered to arise 
from the interstitial cells of Cajal  [  31  ] , and are usually loca-
lised, although they do have potential to metastasise. 

   Clinical Features and Diagnosis 

 The clinical presentation of GIST is not speci fi c, symptoms 
ranging from vague dyspepsia, including epigastric pain or 
discomfort centred in the upper abdomen, to alarm symp-
toms, such as gastrointestinal bleeding or weight loss. There 
appears an association with Neuro fi bromatosis type-1 and 
Carney’s Triad  [  28  ] . GISTs are most commonly detected on 
upper endoscopy, appearing typically as a solitary submu-
cosal lesion with normal overlying mucosa. Uncommonly, 
GISTs may co-exist with other GI and extra-GI tumours. 
Standard biopsy techniques are usually inadequate, due to 
shallow mucosal biopsy depth; EUS is the preferred modality 
for investigation of GISTs, allowing for both visualisation 
and mucosal depth assessment with the added ability to do 
deep submucosal biopsies  [  28  ] .  

   Staging and Treatment 

 GISTs less than 20 mm in diameter are considered low risk, 
with no consensus data on treatment modalities or surveil-
lance. Lesions greater than 20 mm upon endoscopic evalua-
tion are evaluated by EUS (if not already done) and PET scan 
as staging investigations. Apart from size, GISTs with cystic 
spaces, irregular borders, associated lymphadenopathy or 

location in the small intestine are all considered high risk. 
Surgical laparoscopic resection is the recommended treat-
ment for all high risk lesions; some recent reports suggest 
that even low risk lesions should be considered for surgery 
given the uncertainty regarding malignant potential in these 
lesions. Surveillance with EUS has also been proposed for 
low risk lesions, however, no timeframe for EUS has been 
validated as de fi nitely bene fi cial. 

 Novel treatments such as tyrosine kinase inhibitors dem-
onstrate bene fi t in metastatic GIST and as adjuvant therapy 
in surgically resected cases.   

   Primary Gastric Lymphomas 

 PGLs are subepithelial gastric tumours thought to arise from 
mucosal-associated lymphoid tissue in Peyer’s patches 
(MALT) and activated by presence of  H. pylori . Current 
thinking is that bacterial antigens from  H. pylori  stimulate 
lymphoid follicles populated by B-cells leading to lymphoid 
hyperplasia and formation of a monoclonal B cell popula-
tion. Hence PGLs are described as extra-nodal lymphomas 
by haematologists. So-called MALT lymphomas represent 
the largest group of PGLs; however, follicular and mantle 
cell lymphomas also fall under the heading of PGL. There 
remains considerable debate among haematologists regard-
ing classi fi cation of PGLs, with some evidence pointing 
towards all PGLs being derived in essence from some form 
of MALT lymphoma. 

   Clinical Features and Diagnosis 

 Like GISTs, presentation of PGLs is often asymptomatic. 
However, patients may experience abdominal pain, weight loss 
and malena. They are diagnosed endoscopically, but are highly 
variable in appearance, ranging from simple mucosal erythema 
to a large ulcerated lesion  [  32  ] . Lesions are typically located at 
pyloric antrum, corpus and cardia. Multiple biopsies are usu-
ally required for an accurate diagnosis, and may require the use 
of so-called “jumbo” forceps or mucosal lift biopsies for acqui-
sition of larger samples to better facilitate the polymerase chain 
reaction to demonstrate B-cell monoclonality that helps makes 
the diagnosis of MALT lymphoma  [  33  ] . Molecular markers 
can be ascertained from the biopsies and the presence of speci fi c 
genetic mutations such as the t(11;18) translocation can affect 
the effectiveness of different treatments  [  29  ] .  

   Staging and Treatment 

 EUS and chest/abdominal/pelvis CT remain the modalities 
for staging of PGLs. EUS speci fi cally allows the physician to 
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ascertain presence of metastasis to local lymph nodes and 
depth of tumour invasion  [  8  ] . Lesions that invade deeply into 
the gastric wall are associated with a greater risk of lymph 
nodal involvement and lower responsiveness to antibiotic 
treatment  [  34  ] . The most commonly used system for staging 
is Lugarno’s modi fi cation to Blackledge’s system. The Ann 
Arbor/TNM system is also utilised. 

 Low grade MALT lymphomas in patients who are  H. 
pylori  positive can be cured with effective antibiotic 
 eradication therapy, with remission rates of 60–100% being 
achieved. More high grade PGLs and patients with molecu-
lar mutations such as t(11;18) require multimodal treatment 
that involves a combination of chemotherapy (standard and 
monoclonal therapy), radiotherapy and in select cases, 
 surgical resection. 

 Regardless of the modality of treatment chosen, EUS/
endoscopy should be used as surveillance in patients in whom 
remission is achieved, usually at a 12 month interval. 

  Key Points 

     • Helicobacter pylori  is a major carcinogenic factor in 
diffuse type GC (the most common form of GC 
worldwide).  
  Gastric cancer incidence is on the increase in the • 
elderly although it is on a decline in other population 
groups.  
  Geriatric patients tend to have poorer survival, stage for • 
stage, compared to the general population; a result of 
patient factors (co-morbidities, unsuitability for aggres-
sive treatment) and tumour factors (site of lesions and 
spread).  
  Treatment of gastric adenocarcinoma is best individual-• 
ised based on co-morbidities; age by itself is not a con-
traindication to surgical or medical intervention.  
  Although the incidence of non adenocarcinoma gastric • 
malignancies is low, they are increasing in number in 
older adults, and should be recognised as potential con-
tributors to morbidity and mortality in this age.           
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         Introduction    

 Esophageal carcinoma represents a relatively uncommon 
malignancy, which remains highly lethal     [  1  ] . Substantial 
changes in our understanding of this disease, in particular its 
epidemiological pattern and histopathology, have developed 
over the last several decades  [  2  ] . Advances in diagnosis, stag-
ing, prognostication, and treatment have resulted in small but 
meaningful improvements in outcomes for some patients.  

   Epidemiology 

 Wide global differences exist in the incidence patterns and 
distribution of speci fi c histological subtypes of esophageal 
cancer  [  3  ] . In the United States, of the 16,640 people (13,130 
men and 3,510 women) diagnosed with esophageal cancer in 
2010, approximately 14,500 will die  [  4  ] . Worldwide, an esti-
mated 482,300 new esophageal cancer cases occurred in 
2008 leading to 406,800 deaths (Fig.  61.1 )  [  5  ] .  

 Squamous cell carcinomas (SCCs), generally located in 
the middle or upper one-third of the esophagus, represent the 
predominate subtype (~90%) of the cancers diagnosed in the 
highest incidence regions. Indeed, a so-called “esophageal 
cancer belt” exists, stretching from northern Iran to across 
central Asia to North-Central China  [  6  ] . These cancers may 
be on rise in certain countries including Taiwan and parts of 
Asia, likely due to increases in cigarette smoking and alcohol 
use  [  7  ] . Conversely, SCCs of the esophagus are on the decline 
in Western countries, a positive development attributed to 
reductions in alcohol consumption and tobacco use  [  8  ] . 

 Esophageal adenocarcinomas (EACs), cancers which 
generally arise in the lower one-third of the esophagus and 
gastroesophageal junction, are increasing in incidence in 

several Western countries, including England and the United 
States  [  9  ] . This trend has been noted for several decades. In 
fact, while in the 1960s 90% of the esophageal tumors seen 
in the United States were SCCs, currently adenocarcinomas 
predominate  [  10  ] . 

 Some of these notable differences in histological type and 
geographic distribution can be attributed to differences in 
identi fi able risk factors, for example disparities in diet, trends 
in obesity, and rates of chronic gastroesophageal re fl ux dis-
ease (GERD) leading to Barrett’s esophagus (see section 
“Risk Factors”)  [  11  ] . 

 Interestingly, the frequency of this cancer varies widely 
even within the United States, with much higher rates noted 
in urban rather than rural areas. In a report from Washington, 
DC, the rates among African American males reached 28.6 
per 100,000, compared to the overall rates of 3–4 per 100,000 
in the nation  [  12  ] . Esophageal cancer trends reveal a distinct 
male predominance. The lifetime risk for American men and 
women is 0.8% and 0.3%, respectively, with African 
American men at particular  [  4  ] . The epidemiologic pattern 
of esophageal carcinoma is not different in older adults. 
Most studies report similar clinical symptoms at presenta-
tion, as well as similar distribution of histology, stage, and 
location of tumors for patients older and younger than 70 
years of age  [  13  ] . 

   Risk Factors 

 Advances in basic science across multiple disciplines, includ-
ing genetics, molecular biology, infectious disease, and 
immunology, have yielded new insights into the pathobiol-
ogy, etiology, and understanding of speci fi c risk factors in 
the development of esophageal cancer. 

 Known risks for esophageal cancer are listed in Table  61.1 , 
and include, age, gender, GERD, Barrett’s esophagus, 
tobacco and alcohol use, obesity, diet, workplace exposure, 
injury to the esophagus, achalasia, tyelosis, esophageal webs, 
 Helicobacter pylori , and other cancers.  
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   Age/Gender 
 The chance of developing esophageal cancer increases with 
age, with fewer than 15% of cases in those younger than age 
55, and most cases seen in individuals 65 and older. 

 The highest sex ratios were seen in EAC in the age group 
50–59, perhaps relating to female sex hormone exposure 
playing a protective role, though this theory is not clearly 
established  [  14  ] .  

   Gastroesophageal Re fl ux Disease 
 Chronic GERD has been identi fi ed as an important risk fac-
tor for the development of Barrett’s esophagus, a precursor 
to EAC. Primary care providers must maintain a high index 

of suspicion and identify patients with signi fi cant risks of 
developing Barrett’s esophagus for referral to a gastroenter-
ologist for appropriate endoscopic screening  [  15  ] . Older 
patients represent challenges as many are asymptomatic or 
present atypically.  

   Barrett’s Esophagitis 
 The esophagus has four histological layers: mucosa, submu-
cosa, muscularis, and adventitia. The esophageal lumen is 
normally lined by strati fi ed squamous epithelium. Barrett’s 
esophagus is de fi ned as a change in the esophageal epithelium 
of any length that can be recognized at endoscopy and is 
con fi rmed to have intestinal metaplasia of the tubular esopha-
gus and excludes intestinal metaplasia of the cardia  [  16  ] . 

 Metaplasia is the physiological process whereby one 
fully differentiated (adult) cell type replaces another fully 
differentiated type. In Barrett’s esophagus, this metaplas-
tic change is thought to occur as a result of chronic acid 
peptic esophagitis. With continued in fl ammatory injury, 
over time, dysplasia develops in this lower esophageal 
region. Cancers in Barrett’s esophagus develop through a 
sequence of DNA alterations and morphological changes 
recognized as dysplasia. Dysplasia is not a single abnor-
mality, but rather, represents a constellation of histological 
aberrations whereby one or more clones of cells have 
acquired genetic damage rendering them neoplastic and 
predisposed to malignancy  [  17  ] . Table  61.2  outlines the 
diagnosis, surveillance, and goals of therapy of Barrett’s 
esophagus (BE)  [  16  ] .  

 Screening of patients with GERD helps identify those at 
risk of EAC; both observational and computer models support 

  Fig. 61.1    Age-
standardized esophageal 
cancer incidence rates by 
sex and world area.  Source : 
GLOBOCAN 2008  [  1  ] , 
 fi gure 12, p. 81; obtained 
permission for reprint       

   Table 61.1    Esophageal cancer risk factors   

 Modi fi able risks 
  Tobacco use 
  Alcohol use 
  GERD 
  Barrett’s esophagus 
  Diet 
  Obesity 
  Workplace exposure 
 Nonmodi fi able risks 
  Age 
  Gender 
  Race 
  Achalasia 
  Injury 
  Tyelosis 
  Esophageal webs 
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the bene fi t of screening and surveillance, with the bene fi t of 
endoscopic screening comparable to mammography for 
breast cancer  [  18  ] . 

 Considerable controversies and dif fi culties exist among 
experts regarding several components of this diagnosis. For 
example, there exist signi fi cant differences in the endoscopic 
de fi nition of the esophagogastric junction (EGJ), the origi-
nal or background mucosa of Barrett’s adenocarcinoma 
(BA), the de fi nition of Barrett’s esophagus (BE), and the his-
tologic criteria for high-grade dysplasia or well-differenti-
ated adenocarcinoma with early invasion in the esophagus 
and stomach  [  19  ] . 

 Adenocarcinomas arising in the gastroesophageal junction 
(GEJ) often stretch proximally into the lower esophagus, and 
distally to the superior upper region of the gastric cardia. 
This presents a classi fi cation challenge, as it is essentially 
impossible to determine if these cancers arose in the lower 
esophagus as a result of intestinal type metaplasia, or in the 
proximal stomach. The tumors are not distinct from one 
another morphologically, and epidemiologically both GEJ 
and gastric adenocarcinomas appear to be on the rise in 
Caucasian males  [  20  ] . 

 Patients with Barrett’s esophagus face an approximately 
30-fold increase in the relative risk of developing esophageal 
cancer, though their absolute risk remains low  [  21  ] . Annual 
cancer incidence estimates in BE have ranged from 0.2 to 
2.0%, with differences in risks between endoscopically found 
metaplasia alone and true BE  [  22,   23  ] .  

   Smoking 
 Smoking increases the risk of both SCC and EAC, the latter 
particularly true with BE  [  24  ] . In a large pooled data analysis 
from the International BEACON (Barrett’s Esophagus and 
Esophageal Adenocarcinoma Consortium), smoking was 

associated with a more than twofold increased risk of adeno-
carcinoma compared to controls  [  25  ] . 

 Cigarette smoking is an established risk factor for SCC 
particularly in those who also abuse alcohol. Unfortunately, 
cigarette smoking appears to be on the rise in Asian countries, 
and likely, in part, explains the trends in increased aero-
digestive cancer incidence, particularly in China  [  26  ] . Cigar 
and pipe smoking are linked to increased esophageal cancer 
incidence, though not to the extent seen with cigarette 
smoking  [  27,   28  ] .  

   Alcohol 
 Alcoholism although not clearly linked to the development 
of EAC has a relationship with SCC, an injury augmented by 
concomitant tobacco use  [  29  ] .  

   Diet 
 Foods containing  N -nitrosamines have long been impli-
cated in the development of GI malignancies especially in 
China and parts of Asia where vegetables are frequently 
pickled using this form of food preservative  [  30  ] . These 
carcinogens directly damage DNA through alkylation  [  31  ] . 
Similar substances are produced by certain fungi, particu-
larly within corn crops in certain regions of China and else-
where  [  32  ] . Betel nut chewing, which is extensive across 
regions of Asia, has been linked to the development of 
esophageal SCC, and may involve the release of copper 
with resulting induction of collagen synthesis by  fi broblasts 
 [  33,   34  ] . 

 Foods and beverages consumed at high temperatures may 
increase the risk of esophageal cancer from thermal mucosal 
injury  [  35  ] . Weaker dietary associates have been reported 
with red meat, low selenium, zinc and folate intake, but need 
substantiation  [  36–  39  ] . A study comparing  fi ve major dietary 
patterns suggested that diet rich in foods of animal origin and 
poor in vitamins and  fi ber content increased esophageal 
cancer risk  [  40  ] .  

   Structural Esophageal Disease 
 Underlying anatomical abnormalities to the esophagus includ-
ing achalasia and strictures (from caustic damage, lye, etc.) 
are linked to the development of esophageal cancer  [  41  ] .  

   Tyelosis 
 Tylosis is a rare disease associated with hyperkeratosis of the 
palms of the hands and soles of the feet; these patients dem-
onstrate high rates of esophageal SCC  [  42  ] .  

   Obesity 
 Obesity has been linked to the development of EACs, but not 
squamous cell cancer in at least one pooled meta-analysis 
 [  43  ] . The increased risk is ascribed to the high incidence of 
GERD and erosive esophagitis  [  44  ] .  

   Table 61.2    Diagnosis, surveillance, and goals of therapy of Barrett’s 
esophagus (BE)  [  16  ]    

 Screening 
   Patients with chronic GERD symptoms are most likely to have BE 

and should undergo endoscopy 
 Diagnosis 
   Requires systematic biopsy of abnormal-appearing mucosa to 

document intestinal metaplasia and detect dysplasia 
 Surveillance 
   Grade of dysplasia determines endoscopy interval and abnormali-

ties on the epithelial surface need sampling 
   Grade of dysplasia and development of adenocarcinoma: dysplasia 

grade (none to low or high grade) correlates with greater likelihood 
of cancer 

   Frequency of follow-up endoscopy 3 years for no dysplasia to 
every 3 months for high-grade dysplasia 

 Goals of therapy 
   The goals of therapy for BE are same as for GERD: to control 

symptoms from GERD and maintenance of healed mucosa 
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   Occupational Risk 
 Occupational exposure may represent a potential risk for the 
development of certain cancers. Sulfuric acid and carbon 
black exposures are the most implicated substances  [  45  ] .   

   Other Factors 

 The role for bisphosphonates, a class of drugs used in osteo-
porosis, and known to be linked to the development of pill 
esophagitis, has been raised recently, with opposing views 
presented on the relationship  [  46  ] . The role for esophageal 
webs (Paterson Jelly and Plummer Vinson) has been raised, 
although the iron de fi ciency anemia is unrelated to esopha-
geal cancer.   

   Clinical Presentation 

 EAC and SCC generally present similarly, though EAC more 
frequently involves the lower portion of the esophagus and 
the GEJ. 

 Early symptoms include dysphasia, initially primarily to 
solids, later progressing to liquids. Patients may complain of 
retro-sternal pain, “heartburn,” or atypical chest pain. As the 
disease progresses, weight loss may develop, which can be 
severe, leading to cachexia. Dysphagia is the most common 
manifestation (seen in 90% of patients), followed by 
odynophagia. Signi fi cant bleeding associated with the pri-
mary lesion may lead to symptomatic iron de fi ciency anemia 
characterized by fatigue and malaise. Severe bleeding may 
present as hematemesis or melena. The development of 
hoarseness or voice quality changes should raise the suspi-
cion of local compression of the recurrent laryngeal nerve. 
Sympathetic nerve compression may lead to Horner’s syn-
drome, spinal pain, hiccups, or diaphragmatic paralysis. 

 Chronic and persistent, severe cough would raise con-
cerns for aspiration or a tracheoesophageal  fi stula, a particu-
larly ominous and dreaded complication associated with 
very short life expectancy  [  47–  49  ] . 

 Common manifestations are summarized in Table  61.3 .   

   Diagnosis 

 When the diagnosis of esophageal cancer is suspected, initial 
evaluation includes a comprehensive history and physical 
examination, with speci fi c attention paid to an evaluation of 
lymph nodes. While barium contrast-enhanced radiography 
may prove useful, ultimately the diagnosis is established 
through endoscopic biopsy  [  50  ] . Upper endoscopy detects 
early esophageal cancers, which may appear as super fi cial 
plaques, nodules, or ulcerations. 

 More advanced lesions appear as strictures, ulcerated, 
circumferential, or large masses  [  51  ] . 

 Once a biopsy histopathology report con fi rms cancer, 
comprehensive staging is required. 

 Formal staging requires a careful evaluation of both the 
local-regional tumor area, with particular attention to deter-
mining the depth of spread through the esophageal wall or 
into adjacent structures (T-stage), and the regional lymph 
nodes (N-stage). 

 Endoscopic ultrasound (EUS) has emerged as the most 
accurate and best method for determining local-regional dis-
ease extent and evaluation of the regional lymph nodes. In 
experienced hands this technology yields extremely precise 
information regarding depth of tumor penetration through 
the esophageal wall, as well as an opportunity for image-
guided biopsies of local-regional lymph nodes (including 
mediastinal nodes) allowing pathological con fi rmation of 
nodal disease involvement  [  52,   53  ] . 

 Full-body imaging, generally with contrast-enhanced CT, 
MRI, or PET/CT, is required to assess for possible distant 
disease spread (M-stage). While not routinely required, the 
use of more invasive techniques including laparoscopy and 
thorocoscopy may be appropriate, especially when biopsy 
con fi rmation of metastatic disease spread would prevent an 
unjusti fi ed major surgery  [  54  ] .  

   TNM Staging 

 The tumor-node-metastasis (TNM) staging system of the 
American Joint Committee on Cancer (AJCC) and the 
International Union Against Cancer (UICC) for esophageal 
cancer is generally universally accepted and utilized  [  55  ] . 

   Table 61.3    Common clinical manifestations   

 Symptoms from local tumor effects 
  Dysphagia (solids, progressing to liquids) 
  Odynophagia 
  Weight loss 
  Regurgitation 
  Upper GI bleeding (hematemesis/melena) 
  Anemia (iron de fi ciency) 
  Heartburn 
 Symptoms from invasion of surrounding structures 
  Hoarseness (recurrent laryngeal nerve) 
  Tracheoesophageal  fi stulae 
  Hiccups (phrenic nerve) 
  Atypical chest pain 
 Symptoms of distant disease 
  Cachexia 
  Fatigue/malaise 
  Hypercalcemia 
  Metastatic disease (lungs, liver, bones, CNS) 
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 Most recent changes as of 2010 include the creation of 
two distinct stage groupings based on histology (adenocarci-
noma vs. squamous), re fi nements in the de fi nitions of carci-
noma in-situ, simpli fi cation of tumor locations, and 
subclassi fi cations based on the T and N stages, in part to 
better re fl ect potential resectability  [  56,   57  ] .  

   Prognosis 

 The prognosis of patients diagnosed with esophageal cancer 
is directly linked to the stage of the disease. However, the 
overall 5-year survival rates remain poor for patients with 
both locally advanced and metastatic disease. For those with 
advanced stage disease, the overall rates of long-term 
survival is poor (5-year survival: <5%)  [  58  ] . Treatment with 
surgical resection alone for locally advanced disease results 
in 5-year survival of approximately 20–25%  [  59,   60  ] . 
Combined modality therapy, employing chemotherapy or 
chemoradiotherapy with surgery, increases the 5-year sur-
vival rate to 30–35%  [  61–  63  ] . The median overall survival 
time for patients with metastatic disease is approximately 
8–10 months  [  2  ] .  

   Management 

 Treatment planning for patients with esophageal cancer 
requires the multidisciplinary collaboration between 
experts across multiple  fi elds including surgery, medical 
oncology, radiation oncology, nutrition, and supportive 
care teams. 

 Options for management include local therapies, such as 
endoscopic resection, surgical resection, chemotherapy (both 
neoadjuvant and adjuvant), radiotherapy, and chemoradio-
therapy. Combinations of bi- and trimodality therapy are not 
uncommon, and are associated with some of the best out-
come data for those patients  fi t enough to receive complex 
and aggressive care plans. Management options are summarized 
in Table  61.4 .  

   Early Stage Disease 

 The optimal management for localized carcinomas of the 
esophagus and EGJ is intensely controversial  [  64  ] . Surgical 
resection alone has been the standard and predominant 
therapy traditionally, but has been challenged by detractors 
based on the low rates of long-term survival and infrequency 
of early diagnosis  [  62,   65  ] . 

 Very early stage cancers (T1a), those involving only the 
super fi cial mucosa, may be treated with endoscopic mucosal 
resection. Adding chemotherapy, radiation, or concurrent 
chemoradiation to surgical resection has shown mixed results. 

 Tumors arising in the middle to lower one-third of the 
thoracic esophagus generally require total esophagectomy, 
in part due to the presence of submucosal longitudinal 
lymphatic vessels which connect to the superior mediastinal 
and the paracardial lymphatics and can lead to skip metasta-
sis  [  66–  69  ] . A number of surgical procedures may be used in 
esophageal resection, most commonly the transthoracic or 
transhiatal approach. Differences include extent of lymph-
adenectomy and morbidity and mortality rates, however 
neither approach has been proven to be superior  [  70  ] .  

   Table 61.4    Management options: esophageal cancer   

 Disease extent  Treatment  Options  Comments 

 Early 
 T1a tumors (mucosal 
involvement) 

 Endoscopic mucosal 
resection 

 Neoadjuvant chemotherapy  Improved rates of complete 
resection without clear OS bene fi t 

 Mid to lower one-third 
of esophagus 

 Total esophagectomy  Transhiatal esophagectomy with 
gastric pull-up 
 Transthoracic esophagectomy 

 Lower surgical morbidity and 
mortality 
 Better lymphadenectomy 

 Locally advanced 
 T1-4N0M0 
 TanyN + M0 

 De fi nitive concurrent 
chemoradiotherapy 

 Induction chemotherapy followed by 
chemoradiotherapy 

 Higher toxicity and no clear 
survival advantage 

 Metastatic disease 
 M+ disease  Systemic chemotherapy 

 Combination 
chemotherapy—standard 
approach for  fi t patients 

 Single agents (cisplatin; 5-FU; 
doxorubicin; methotrexate; etoposide) 
 Newer agents (taxanes; irinotecan) 
 Cisplatin and 5-FU 

 Three drug regimens (ECF or DCF) 

 Capecitabine containing regimens 

 Improved OS compared 
to best supportive care 

 Higher toxicities without 
increased duration of response 
 Superior response rates (~35%), 
but higher toxicities 
 Not inferior to infusional 5-FU 
containing regimens 
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   Locally Advanced Disease 

 Management of patients diagnosed with locally advanced 
cancers of the esophagus and GEJ is complicated by the 
heterogeneous nature of this group. Patients may be consid-
ered potentially resectable or unresectable based on charac-
teristics of their disease, or deemed to be nonsurgical 
candidates based on poor performance status. 

 In general, a multimodality approach is required. Long-
term survival is uncommon, and palliation and quality of life 
improvements are important goals. Available management 
options include systemic chemotherapy, radiotherapy (includ-
ing brachytherapy), and concurrent chemoradiotherapy. Many 
local control modalities exist including esophageal dilata-
tion, stenting, laser ablation, photodynamic therapy, chemical 
ablation, and palliative surgery. 

 At present, de fi nitive concurrent chemoradiotherapy repre-
sents the standard of care for fi t patients with locoregional 
esophageal cancer, which may be followed by surgical resec-
tion. Historically, there have been many randomized controlled 
trials comparing chemoradiotherapy to radiotherapy alone 
for the de fi nitive management of esophageal cancer  [  71–  73  ] . 
The results have been mixed. Some studies seem to indicate 
a clear survival advantage with combined therapy, while 
others do not, perhaps in part due to suboptimal radiation dos-
ing. Sequential treatment is inferior to concurrent therapy.  

   Metastatic Disease 

 Systemic chemotherapy is the mainstay treatment for advanced 
metastatic esophageal and GEJ cancers. The goals of treat-
ment include symptom palliation and prolonged survival. 

   Single-Agent Chemotherapy 
 Multiple older single-agent chemotherapeutic agents have 
been tested and used in advanced esophageal cancers. These 
include traditional alkylators and antimetabolite drugs such 
as cisplatin, 5-FU, doxorubicin, methotrexate and etoposide, 
to name a few  [  74–  76  ] . Most demonstrate modest response 
rates and only small improvements in overall survival. 
Complete responses are infrequent, and response duration 
rarely exceeds 6 months. 

 Newer single agents, such as taxanes and irinotecan, may 
offer slightly higher response rates, but are associated with 
serious toxicities  [  77–  79  ] .  

   Combination Chemotherapy 
 Studies comparing single agents vs. combination therapy 
generally demonstrate superior response rates in favor of 
combination therapy, but this has not translated into mean-
ingful survival differences. Cisplatin and 5-FU, a commonly 
employed regimen, has an established and manageable toxic-

ity pro fi le, with response rates in the range of 35%  [  75,   80  ] . 
At present, most  fi t patients with good performance status are 
managed with three drug combination regimens, which are 
favored and considered standard  fi rst-line treatment. These 
are ECF (epirubicin, cisplatin, infusional 5-FU) and DCF 
(docetaxel, cisplatin, infusional 5-FU)  [  81,   82  ] . Capecitabine 
(Xeloda ® ), a newer oral  fl uoropyrimidine, has been success-
fully substituted for infusional 5-FU with good results.    

   How Do Older Adults Respond to Treatment? 

 In general, older patients with esophageal cancer can bene fi t 
from cancer treatment (curative intent or best supportive 
care, including palliative care); weight loss, WHO perfor-
mance status, and Charlson score help select appropriate 
treatment in the older age group  [  13  ] . While increasing age 
was a risk factor for mortality and survival after esophageal 
resection, the mortality is particularly high with periopera-
tive cardiac or respiratory morbidity  [  83  ] . Esophageal sur-
gery in those over 75 years has an acceptable morbidity and 
mortality; but when a severe complication occurs, half the 
patients die  [  84  ] . Esophagectomy can even be performed 
successfully in octogenarians with good cardiac and pulmo-
nary function  [  85  ] .  

   Recent Advances and Novel Agents 

 Approximately 7–34% of human gastric and esophagogas-
tric cancers have been shown to overexpress HER2, an onco-
gene important for cancer growth and development  [  86  ] . 
Trastuzumab, a monoclonal antibody targeted against HER2 
currently used for breast cancer treatment, has recently 
shown bene fi t in gastric and GE junction cancers which 
overexpress HER2  [  87  ] . 

 Lapatinib is an orally active small molecule inhibitor of 
both EGFR I and II (HER2) which is currently being investi-
gated for the treatment of patient with advanced gastric can-
cer (in combination with paclitaxel), and may hold promise 
for the treatment of advanced HER2-positive esophageal 
cancer  [  88  ] . 

 Additional agents targeting EGFR include cetuximab, a 
monoclonal antibody, as well as the small molecule tyrosine 
kinase inhibitors ge fi tinib and erlotinib. Early testing results 
with these agents have been mixed, and full conclusions 
regarding their clinical utility will require data form random-
ized phase III trials  [  89–  94  ] . 

 Another important biological target which has recently 
emerged in the treatment of advanced cancers is the vascu-
lar endothelial growth factor receptor (VEGF) pathway, as 
well as other targets implicated in tumor angiogenesis 
 [  95–  97  ] . 
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 Bevacizumab (Avastin ® ), a monoclonal antibody against 
the VEGF-A molecule, is the most well-known and estab-
lished agent targeting angiogenesis and the VEGF pathway, 
with an established bene fi cial role in several tumor types 
 [  98  ] . Unfortunately, chemotherapy in combination with 
Avastin tested in locally advanced unresectable or metastatic 
gastric or GE-junction cancers in a recent phase III study 
(AVAGAST trial) failed to demonstrate a statistically 
signi fi cant improvement in median overall survival  [  99  ] . 

 Multiple signaling pathways that are in operation in esopha-
geal cancer are the focus of current and future research and drug 
development. Promising targets include ERK MAP kinase inhi-
bition, PI3 kinase, NF- k B, mTOR, VEGF, and EGFR  [  100  ] . 

  Key Points 

    Esophageal carcinoma represents a relatively uncommon • 
malignancy which remains highly lethal.  
  Squamous cell carcinomas (SCCs) are generally located • 
in the middle or upper one-third of the esophagus while 
adenocarcinomas (EAC) present in the lower one-third of 
the GE junction.  
  Major risk factors for adenocarcinoma include long-• 
standing gastroesophageal re fl ux disease (GERD), 
Barrett’s metaplasia, obesity, and possibly ethnicity in 
view of the observation that it affects predominantly 
Caucasian men.  
  Risk factors for squamous carcinoma include alcoholism • 
and smoking.  
  Manifestations include dysphagia to solids and liquids, • 
weight loss, and aspiration.  
  Diagnosis requires upper endoscopy and target biopsies. • 
Staging requires endoscopic ultrasound (EUS) and CT 
imaging of chest and abdomen.  
  Management includes surgery, chemotherapy, and chemo-• 
radiation, based on location, stage and type of cancer, in 
addition to age and comorbidity.          
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         Introduction 

 Pancreatic cancer is the second most common gastrointestinal 
malignancy in the United States, with an estimated 42,470 
cases in 2009  [  1  ] . Despite being the tenth most common 
malignancy overall, pancreatic cancer is the fourth most 
common cause of cancer deaths contributing to 35,240 deaths 
in 2009  [  1  ] . The 5-year relative survival rate over the last 3 
decades has increased in fi nitesimally in absolute terms from 
2.5 to 5%  [  2  ] . This dismal survival rate is attributable to the 
lack of an early detection strategy and limited therapeutic 
options.  

   Epidemiology 

 Pancreatic cancer is rare before age 45 but the incidence rises 
thereafter, being a signi fi cant problem in the geriatric popu-
lation. The disease is more common in men than women 
(1.3:1) and in African-Americans as compared to the general 
population  [  2  ] . In Canada, the overall incidence has remained 
stable between 1992 and 2005, but has decreased in men, 
perhaps due to changes in smoking behavior  [  3  ] .  

   Risk Factors 

   Genetic/Hereditary Factors 

 Various studies have reported that 4–16% patients with pan-
creatic cancer either have a family history of pancreatic cancer 
or a known genetic syndrome (Table  62.1 ) with a predisposi-
tion to pancreatic cancer  [  4  ] . Besides familial syndromes, 

patients with non-O (i.e., A, B, AB) ABO blood groups have 
increased susceptibility to pancreatic cancer as compared to 
their blood group O counterparts  [  5  ] .   

   Environmental and Dietary Factors 

 An increased risk (relative risk 1.5–3) of pancreatic cancer 
exists in smokers, likely related to aromatic amines. The risk 
increases with greater intensity ( ³ 30 cigarettes/day), dura-
tion ( ³ 50 years) and cumulative smoking dose ( ³ 40 pack-
years), and diminishes to baseline after 15 years of smoking 
cessation  [  6  ] . Dietary factors incriminated include diets rich 
in fat and meat, while fruits and vegetables have a protective 
effect against the cancer  [  7  ] . The association between pan-
creatic cancer and alcohol, caffeine, and NSAID use remain 
inconclusive. Besides diet, other life style factors that 
in fl uence insulin resistance (such as physical activity) also 
affect pancreatic cancer risk  [  8  ] .  

   Host Factors 

 The association between diabetes and pancreatic cancer is 
well recognized. While long-standing diabetes is an etiologic 
factor, new-onset diabetes is a manifestation of the cancer. 
Though most studies suggest an elevated risk of pancreatic 
cancer among long-standing diabetics, the strength of this 
association is modest at best. In a meta-analysis of 20 epide-
miologic studies, the pooled relative risk of pancreatic can-
cer in diabetics diagnosed at least 1 year prior to either 
diagnosis of pancreatic cancer or to pancreatic cancer death 
was 2.1 (95% CI, 1.6–2.8)  [  9  ] . Many, but not all, cohort stud-
ies reveal that the risk of pancreatic cancer associated with 
diabetes decreases with increasing duration of follow-up 
 [  10  ] . As many as 47% patients with pancreatic cancer are 
reported to have diabetes mellitus (DM)  [  10  ] . In 74% of 
these patients, diabetes is of recent onset (<2 years)  [  10  ] . 
Furthermore, the diabetes resolves in 57% patients after 
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tumor resection  [  10  ] . These characteristics suggest that DM 
in pancreatic cancer may result from tumor secreted products. 
Despite the well described association, data does not support 
screening new onset diabetics for pancreatic cancer. 

 Various premalignant lesions in the pancreas are associ-
ated with an increased risk of pancreatic cancer. Chronic 
(nonhereditary) pancreatitis is associated with a 9–16-fold 
increased risk of pancreatic cancer  [  11  ] , an association 
re fl ective of a direct causal relationship or shared risk factors 
(such as smoking) between the two entities. Intraductal 
papillary mucinous neoplasm (IPMN) and mucinous cystic 
neoplasm (MCN) are precursor lesions in the pancreas that 
warrant surveillance or surgical resection based on the clinical 
context  [  12  ] .  

   Other Factors 

 Female hormone use has been implicated; use of estrogen 
during reproductive years may contribute to the development 
of pancreatic cancer later in life, but this  fi nding needs to be 
con fi rmed  [  13  ] . While obesity in early adulthood might lead 
to an increased risk of pancreatic cancer, obesity in older 
patients with pancreatic cancer has been associated with 
reduced survival  [  14  ] .   

   Pathology 

 Up to 90% of pancreatic cancers are ductal adenocarcinomas 
 [  15  ] . The tumors arise from precursor lesions called pancre-
atic intraepithelial neoplasia (PanIN), the pancreatic head 
being the most common location (70%). Typically, tumors in 
the head are smaller at presentation than more distal tumors, 
re fl ective of the delay in development of symptoms in the 
latter based on location. Ductal adenocarcinomas are typi-
cally associated with a prominent desmoplastic reaction giv-
ing them a  fi rm consistency on macroscopic examination. 
The tumor typically invades the perineural space and lym-
phatics. Metastatic disease involves the liver, lungs, kidneys, 
adrenals, bone, and peritoneum. The remaining 10% of pan-

creatic tumors are acinar cell carcinomas, islet cell tumors, 
and rare non-epithelial malignancies. In this chapter, the 
term pancreatic cancer is used to describe pancreatic 
adenocarcinoma.  

   Clinical Presentation 

   Symptoms 

 Most patients with pancreatic cancer remain asymptomatic 
until late in the course, leading to a delayed diagnosis. Hence, 
fewer than 20% tumors are resectable at the time of diagno-
sis  [  16  ] . Abdominal pain resulting from involvement of the 
celiac or superior mesenteric arterial plexus is the most com-
mon presenting symptom, occurring in up to 80% of patients 
 [  17  ] . The pain is typically a dull ache in the upper abdomen 
that might radiate to the back and may be relieved by lying in 
a curled position. Jaundice due to obstruction of the common 
bile duct, is present in greater than 50% patients. Acute pan-
creatitis due to pancreatic duct obstruction can be the initial 
presentation of the cancer in 5% patients  [  18  ] . This is a rel-
evant consideration in the older adult who presents with 
acute pancreatitis of unclear etiology. Pancreatic duct 
obstruction may cause steatorrhea, malabsorption, and 
weight loss. New onset DM heralds the diagnosis of pancre-
atic cancer in several patients. Besides local symptoms 
caused by the tumor, patients can present with symptoms 
resulting from local spread or distant metastases; these may 
include gastric outlet obstruction, gastrointestinal bleeding, 
and colonic obstruction.  

   Signs 

 Jaundice and evidence of recent weight loss are the most 
common; palpable abdominal mass or ascites are rare 
 fi ndings and re fl ect advanced disease. Approximately one-
third of patients presenting with jaundice also have a palpa-
ble gall bladder (Courvoisier’s sign). A left supraclavicular 
lymph node (Virchow’s node) or a rectal shelf may be evi-
dent in metastatic disease. Pancreatic cancer is associated 
with a hypercoagulable state leading to arterial and venous 
thromboses (Trousseau’s syndrome) and associated 
complications. 

 Asymptomatic pancreatic lesions (APLs) are being dis-
covered with increasing frequency, likely due to an increase 
in the use of imaging modalities such as computed tomogra-
phy and magnetic resonance imaging  [  19  ] . While the 
identi fi cation of these lesions often results in fear of malig-
nancy and anxiety on the part of patients and treating physi-
cians, the differential for these lesions is broad and ranges 
from benign to premalignant and malignant. A majority of 

   Table 62.1    Genetic syndromes associated with increased risk of pancreatic 
cancer  [  29–  31  ]    

 Syndrome  Mutated gene 
 Risk of pancreatic cancer 
at age 70 (%) 

 Hereditary 
pancreatitis 

 Trypsinogen  25–40 

 Peutz–Jeghers 
syndrome 

 STK11  30–60 

 HNPCC syndrome  Mismatch repair  <5 
 Breast cancer  BRCA2  5 

   HNPCC  Hereditary nonpolyposis colorectal cancer syndrome  
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these patients thus undergo periodic surveillance as dictated 
by established guidelines (Sendai criteria)  [  12  ] . In a series of 
110 patients operated for APLs, the overall malignancy rate 
was 24%  [  19  ] . In this study, patients with malignancy were 
substantially older than the remaining cohort  [  19  ] .   

   Management 

 The diagnostic and therapeutic approach to a patient with 
pancreatic cancer is described in Fig.  62.1 . A discussion of 
each element follows.   

   Diagnosis 

   Tumor Markers 

 Although several tumor markers are elevated in pancreatic 
cancer, CA19-9 is the only one with clinical utility as an 
adjunct in diagnosis. Its utility in prognosis and following 
response to therapy is controversial. 

 The sensitivity and speci fi city of CA19-9 varies with the 
threshold value used. A systematic review of literature on 
using CA 19-9 in the diagnosis of pancreatic cancer yielded 
a median sensitivity of 79% (70–90%) and a median 
speci fi city of 82% (68–91%)  [  20  ] . Furthermore, the sensitiv-
ity of CA19-9 in detecting early stage pancreatic cancer is 
lower than advanced disease. The test has other pitfalls. 
Patients with jaundice (even due to benign biliary tract 
obstruction), renal failure, autoimmune disease, and hypo-
thyroidism may have elevated CA19-9 levels resulting in 
false positive results. Further, 5–10% of the population does 

not express Lewis antigens, accounting for false negative 
results in this group.  

   Imaging 

 Contrast enhanced multidetector computed tomography with 
an arterial and a venous phase remains the cornerstone for 
diagnosis and staging of pancreatic cancer. The sensitivity of 
the “pancreas protocol CT” for diagnosis, is approximately 
85%  [  21  ] . Pancreatic cancer typically appears as a hypoat-
tenuating mass in the pancreas (Fig.  62.2 ). In patients with 
biliary obstruction, the “double duct sign” with a dilated 
pancreatic and common bile duct may be seen (Fig.  62.2 ). 

  Fig. 62.1    Our approach 
to a patient with suspected 
pancreatic cancer       

  Fig. 62.2    Pancreas protocol CT scan showing a hypo-attenuating mass 
( black arrow ) in the pancreatic head, a dilated pancreatic duct ( white 
arrow ), and a dilated bile duct ( gray arrow )       
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CT is almost 100% sensitive in predicting unresectability. 
The criteria for resectability of pancreatic cancer are listed in 
Table  62.2 .   

 Alternative imaging modalities including ultrasound, 
magnetic resonance cholangio pancreatography (MRCP) 
and PET scan are of limited utility in the absence of a con-
traindication to a pancreas protocol CT scan. PET scan is 
utilized for assessing response to chemotherapy and to dif-
ferentiate tumor recurrence from postoperative changes fol-
lowing resection.  

   Endoscopic Ultrasound 

 Endoscopic ultrasound (EUS) is the most accurate test for 
diagnosis and detection of vascular involvement from pancre-
atic cancer (higher sensitivity and speci fi city than CT)  [  22  ] . In 
addition, EUS has the advantage of the ability to perform  fi ne 
needle aspiration (FNA) of the tumor for cytology. Despite these 
advantages, the problems with EUS include operator depen-
dence, cost, and the inability to detect distant metastases. Thus, 
utility of EUS is primarily in making a tissue diagnosis (by 
FNA) for those with unresectable disease, since patients with 
resectable disease rarely need a tissue diagnosis preoperatively.   

   Treatment 

   Surgery 

 Surgical resection is the only potentially curative treatment for 
pancreatic cancer. Despite this, surgery is still underutilized in 
the United States for treatment of pancreatic cancer, especially 
for patients over 65 years  [  23  ] . The standard surgical proce-
dure is a pancreaticoduodenectomy or Whipple procedure. 
With advances in surgical techniques, mortality rates for the 
procedure are less than 3% in centers with experience  [  24  ] .  

   Chemotherapy and Radiotherapy 

 Gemcitabine and 5-Fluorouracil are the only agents associ-
ated with greater than 5 month survival. Adjuvant chemora-
diation is typically administered following resection; 
however, the data on bene fi t are controversial at best  [  25  ] . 

Patients with metastatic disease at presentation or following 
resection are considered candidates for chemotherapy, pri-
marily for palliation of disease related signs and symptoms. 
Gemcitabine supersedes 5-FU in this group in 1 year survival 
(18% vs. 2%) and palliation (23.8% vs. 4.8%)  [  26  ] .  

   Palliation 

 Pain is a clinically signi fi cant symptom in pancreatic cancer. 
Chemical neurolysis with alcohol (surgical, percutaneous, or 
endoscopic) or celiac plexus block can help reduce pain. 
Oral analgesia, including opioids are necessary in conjunc-
tion. Radiation therapy may help pain management. 

 Patients with jaundice often require palliative endoscopic 
stenting (via Endoscopic Retrograde Cholangio 
Pancreatography), if the cancer is unresectable. Duodenal 
obstruction is relieved with a gastrojejunostomy or endo-
scopic stent placement. Those who manifest pancreatic 
insuf fi ciency (e.g., steatorrhea) might bene fi t from pancre-
atic enzyme replacement. Referral to a hospice program 
should be considered when appropriate.   

   Prognosis 

 The prognosis for pancreatic cancer remains poor with an 
overall 5 year survival of 5%. Even after resection, median 
survival is about 18 months with only 10% surviving 5 years 
 [  27  ] . Standards for pancreatic resection in the elderly should 
be similar to those applied to younger patients  [  31  ] . 
Complications in the elderly can be reduced by providing 
quality care including attention to age-related needs, geriat-
ric consultation, nutrition, and rehabilitation  [  28  ] .  

   Screening 

 Currently, there are no recommendations for routine screen-
ing of asymptomatic patients for pancreatic cancer. 

  Key Points 

    Pancreatic cancer is a common gastrointestinal malig-• 
nancy in the geriatric population.  
  Contrast enhanced CT is generally suf fi cient to diagnose • 
and determine resectability.  
  Surgery is the mainstay of treatment but only 20% are • 
resectable at diagnosis.  
  Overall prognosis is poor even in candidates suitable for • 
resection.  
  Routine screening for pancreatic cancer is not • 
recommended.          

   Table 62.2    Criteria for resectability of pancreatic cancer (All three 
must be absent for the cancer to be considered resectable)   

 Distant metastasis (e.g., liver, peritoneum, other) 
 Arterial involvement (celiac axis, superior mesenteric artery, hepatic 
artery, or aorta) 
 Occlusion of the portal vein or superior mesenteric vein 

  Information from Callery et al.  [  32  ] .  
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         Introduction 

 Older patients currently comprise the largest group of oncol-
ogy patients, with the numbers predicted to expand. The over 
65 group will constitute about 20% of the population by 2040 
 [  1  ] . With a median age of 70 years at diagnosis, colorectal 
cancer (CRC) is a neoplasm predominantly of the old. 
Signi fi cant differences exist in the behavior and management 
of CRC in the older group as compared to the young.  

   Epidemiology 

 CRC is the third most frequently diagnosed and second lead-
ing cause of cancer death for men and women combined in the 
U.S. In 2010, an estimated 142,570 new cases with 51,370 
deaths occurred due to CRC  [  2  ]  (Table  63.1 ). Over 90% of 
newly diagnosed cases occur among the  ³ 50-year age group. 
Other relevant statistical data are presented in Table  63.1 . 
Recent data suggest a decline in the incidence and mortality 
for CRC associated with an increase in the utilization of CRC 
screening options in the past decade  [  3  ] . This declining trend 
was observed only among people  ³ 50 years of age. The decline 
in mortality may re fl ect better screening, improvements in 
therapy, and alterations in environmental factors. Age-adjusted 
incidence of CRC is highest in African Americans in the 
U.S. and lowest in Asian countries; while this may refl ect the 
benefi ts of screening, other factors may be causative.   

   Risk Factors 

   Environmental and Lifestyle Factors 

 CRC is linked to environmental and genetic risk  factors. Most 
CRC (about 70%) is sporadic, associated with environmental 
and patient-related risk factors (Table  63.2 ). De fi ned heredi-
tary syndromes account for 5% of CRC, but up to 25% of 
those affected have a family history of CRC with a pattern that 
does not meet criteria for known inherited syndromes  [  4  ] .   

   Disease Associations 

 Individuals with colonic adenomas and in fl ammatory bowel 
diseases (Crohn’s and ulcerative colitis) are associated with 
the highest risk. Obesity is associated with 1.5-fold increased 
risk of CRC as well as a higher likelihood of dying from 
CRC. Weak associations for increased risk exist with long-
standing diabetes and postcholecystectomy states.  

   Familial/Genetic Syndromes 

 Two major inherited forms of CRC include polyposis syn-
dromes and hereditary nonpolyposis colorectal cancer 
(HNPCC). Polyposis syndromes include familial adenom-
atous polyposis (FAP), Peutz-Jeghers syndrome, juvenile 
polyposis, and Cowden disease. HNPCC (or Lynch syn-
drome) is an autosomal dominant disease accounting for 
2–3% of all CRC. Major features and gene defects for 
these syndromes are noted in Table  63.3 . The noninherited 
polyposis syndromes include Cronkhite-Canada syndrome 
and miscellaneous nonfamilial polyposis. In older adults, 
with the exception of HNPCC, other familial syndromes 
are uncommon.   
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   Protective Factors 

 CRC is multifactorial in etiology. Although controversial, 
protective factors include grains, fruits and vegetables, 
and calcium supplementation, with perhaps questionable 
bene fi t with  fi sh, garlic, folic acid, Vitamin B6, and mag-
nesium. Among medications, NSAIDs, postmenopausal 
hormone replacement therapy, and statins are associated 
with decreased risk. Physical activity may have a protec-
tive role.  

   Chemoprevention 

 Chemoprevention trials have chosen adenoma formation 
rather than CRC incidence or mortality as the primary out-
come. Cyclooxygenase-2 is overexpressed in the majority of 
CRCs, a partial explanation for studies suggesting reduction 
in risk of adenomas with ASA and NSAIDs. This risk reduc-
tion with ASA is related to both dose and duration of therapy 
and is associated with risks of bleeding. Considering bene fi ts 
and risks, the United States Preventive Service Task Force 
(USPSTF) does not recommend use of aspirin in average-
risk individuals.   

   Pathogenesis and Pathology 

   The Adenoma-Carcinoma Sequence 

 Colon cancer usually begins as a benign adenomatous polyp 
that develops dysplasia and progresses to an invasive cancer 
in 10–15 years. The prevalence of adenomatous polyps in the 
50–75 year group was 27% in 671 asymptomatic individuals 
with negative fecal occult blood tests in the U.S  [  5  ]  (see chap-
ter on polyps and CRC screening). Colorectal carcinogenesis 
is a multifactorial and multistep process involving interaction 
of gene expression and environmental in fl uences  [  6  ] . 
Progressive accumulation of genetic alterations occur result-
ing in malignant transformation (Table  63.4 ). This stepwise 
evolution to cancer provides the opportunity to screen, detect, 
and potentially remove precancerous lesions.   

   Histopathology 

 Most CRCs are adenocarcinomas. Mucinous carcinoma that 
produce extracellular mucin have a predilection for the recto-
sigmoid site and respond less favorably to chemotherapy. 
Signet ring cell carcinoma whose cellular shape is due to intra-
cellular mucin displacing nuclei has a propensity for intramu-
ral and peritoneal spread. Medullary carcinoma, a distinctive 
type with tumor-in fi ltrating lymphocytes, is associated with 
microsatellite instability and the HNPCC syndrome. These are 
treated similarly to adenocarcinoma. Other pathologic types 
seen in the colon include squamous, adenosquamous, lympho-
mas, carcinoid tumors, neuroendocrine tumors, and Kaposi’s 
sarcoma. Treatment is, of course, based on tumor histology. 

   Table 63.1    Colorectal    cancer-related US statistics at a glance  [  2,   3  ]    

 Parameter 
 Numbers of colorectal cancer 
(CRC) 

 Incidence (2010 estimated)  142,570 
 Men  72,090 
 Women  70,480 
 Age group distribution 

 35–44 years 
 45–54 years 
 55–64 years 
 65–74 years 
 75–84 years 
  ³ 85 years 

 3.8% 
 12.4% 
 19.2% 
 24.4% 
 26.8% 
 12.2% 

 Incidence rate a  (all races) 
 Males 
 Females 

 55.8 
 41.7 

 Death rates a  (all races) 
 Males 
 Females 

 21.2 
 14.9 

 Prevalence (January 1, 2007) 
 Total 
 Men 
 Women 

 1,112,493 
 540,636 
 571,857 

 Median age at diagnosis  70 years 
 Median age at death  75 years 

    http://seer.cancer.gov/csr/1975_2005/results_single/sect_01_
table.01.pdf     
 Colon and rectum section (  http://seer.cancer.gov/csr/1975_2005/
results_merged/sect_06_colon_rectum.pdf    ) 
  a Per 100,000 population  

   Table 63.2    Risk factors linked to CRC  [  2–  5  ]    

 Lifestyle-related factors 
  Diet high in red meats and processed meats 
  Cooking meats at very high temperatures (Ex. frying) 
  Physical inactivity 
  Obesity 
  Smoking 
  Heavy alcohol use 
  Night shift work 
 Comorbidities associated with variable risk 
  History of colorectal polyps or CRC 
  In fl ammatory bowel disease 
  Prior history of breast cancer 
  Type 2 diabetes 
  Cholecystectomy 
 Genetic, familial, and racial factors 
  Family history of CRC 
  African Americans 
  Familial syndromes (see Table  63.3 ) 

    http://seer.cancer.gov/csr/1975_2005/results_single/sect_01_
table.11_2pgs.pdf      

http://seer.cancer.gov/csr/1975_2005/results_single/sect_01_table.01.pdf
http://seer.cancer.gov/csr/1975_2005/results_single/sect_01_table.01.pdf
http://seer.cancer.gov/csr/1975_2005/results_merged/sect_06_colon_rectum.pdf
http://seer.cancer.gov/csr/1975_2005/results_merged/sect_06_colon_rectum.pdf
http://seer.cancer.gov/csr/1975_2005/results_single/sect_01_table.11_2pgs.pdf
http://seer.cancer.gov/csr/1975_2005/results_single/sect_01_table.11_2pgs.pdf
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 The degree of tumor differentiation is assessed in tumor 
grading. Poorly differentiated or undifferentiated tumors (high 
grade) have poorer prognosis compared to moderately and 
well-differentiated tumors (low grade). Irregular in fi ltrating 
pattern of growth as opposed to a smooth pushing (expanding) 
border is an independent adverse prognostic factor   

   Clinical Features 

 Screening for CRC has resulted in disease identi fi cation 
increasingly at early asymptomatic stages  [  3,   7  ] . Common 
clinical manifestations with late diagnosis include abdominal 
pain, hematochezia, altered bowel habits, and iron de fi ciency 
anemia. 

 CRC spreads by contiguous lymphatic and hematoge-
nous spread. About 20% of patients have metastatic dis-
ease at time of diagnosis, with symptoms and signs 
referable to sites of metastases and degree of spread. The 
liver is the most common initial site of hematogenous 
spread, although tumors arising in the distal rectum may 
metastasize initially to the lungs due to differences in 
venous drainage. Unusual presentations include malignant 
 fi stula, fever of unknown origin, abscesses,  Streptococcus 
bovis  bacteremia,  Clostridium septicum  sepsis, and adeno-
carcinomas of unknown primary. 

 Symptomatic patients, including those who present with 
obstruction or perforation, have poorer prognosis. Rectosigmoid 
cancers arising at or below the peritoneal re fl ection have 
poorer prognosis as well. 

   Table 63.3    Familial syndromes associated with increased risk of CRC   

 Familial syndrome  Major features 

 Familial adenomatous polyposis (FAP)  Caused by germline mutation in the APC a  gene 
 Accounts for 2–3% of all CRC 
 Characterized by presence of 100–1,000 s of benign polyps 
 Polyps occur early in life; 95% develop polyps by age 35, often detected in teens, 50% 
develop polyps by age 15 
 100% chance that some polyps will develop cancer 

 Variants of FAP (Turcot’s syndrome, Gardner’s 
syndrome, attenuated FAP) 

 All variants are associated with mutation in the APC gene 
 Turcot’s syndrome is associated with medulloblastoma 
 Gardner’s syndrome is associated with extraintestinal manifestations including osteomas 
of the skull,  fi bromas, desmoids tumor, and thyroid malignancy 
 Attenuated FAP is a milder variant with fewer adenomas and later onset of disease 

 Peutz-Jeghers syndrome  Inherited mutation of the STK11/LKB1 gene in majority of cases with variable 
penetrance 
 Intestinal hamartomatous polyps in association with mucocutaneous melanocytic 
macules 
 Numerous pigmented spots on lips and buccal mucosa; with tendency to develop 
multiple hamartomatous polyps throughout the GI tract 

 Juvenile polyposis syndrome  The term “juvenile” refers to histologic type of polyp 
 Associated with mutations in  BMPR1A  and  SMAD4  genes 
 Characterized by predisposition to hamartomatous polyps in the gastrointestinal tract 

 Cowden disease  Caused by germline mutations in the PTEN gene 
 Characterized by multiple hamartomatous lesions 
 Breast and thyroid cancers more common than CRC 

 MYH-associated polyposis  Autosomal recessive inheritance unlike other inherited polyposis, which are autosomal 
dominant 
 Caused by germline mutation of MYH gene, an excision repair protein 
 The clinical syndrome is similar to attenuated FAP with no detected germline APC 
mutation 

 Hereditary nonpolyposis colorectal cancer 
(HNPCC or Lynch syndrome) 

 Germline mutations in DNA mismatch repair genes autosomal dominant, accounts for 
2–3% of CRC 
 Early onset of adenomas and CRC in absence of polyposis 
 Average age at onset of cancer is about 45 years 
 Other cancers associated with HNPCC: endometrial, ovarian, gastric, urogenital, small 
intestinal cancers 

    http://seer.cancer.gov/csr/1975_2005/results_single/sect_01_table.13_2pgs.pdf     
  a The APC is signi fi cantly different from zero ( p  < 0.05)  

http://seer.cancer.gov/csr/1975_2005/results_single/sect_01_table.13_2pgs.pdf
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   Prognostic Factors 

 Besides the clinical and pathologic factors mentioned, prog-
nosis is progressively worse with increasing TNM stage 
(Table  63.5 ). Other established adverse prognostic factors 
include local extent of disease, lymph node involvement 
including nodal micrometastases, venous and angiolym-
phatic invasion, residual tumor after de fi nitive therapy, and 
preoperative CEA values  ³ 5.0 ng/mL. The presence of 
tumor-in fi ltrating lymphocytes has been cited as a favorable 
prognostic factor in many but not all studies.  

 Among various molecular markers that are still being 
evaluated, testing for microsatellite instability may be clini-
cally useful. Microsatellite instability-High (MSI-H), 

re fl ecting loss of DNA mismatch repair, is associated with 
longer survival (Table  63.4 ); adjuvant 5- fl uorouracil (5FU)-
based chemotherapy may be less bene fi cial for MSI-positive 
tumors, especially with stage II disease. In a small Japanese 
study, the presence of  KRAS  mutation although higher among 
the older age group, was associated with poor prognosis only 
in the younger group  [  8  ] .  

   Evaluation 

 Staging evaluations include complete clinical examination, 
laboratory studies including complete blood counts, chem-
istry, liver function tests, CEA level, in addition to colonos-
copy and CT scans of chest, abdomen, and pelvis with 
contrast. Thorough preoperative assessment must include 
comorbidity, functional, and socioeconomic status, and 
where possible, comprehensive geriatric assessment. 

 Additional evaluation for rectal cancer include proctos-
copy and endorectal ultrasound and pelvic MRI to assess 
depth of tumor penetration and lymph nodal metastases. 
Though not routinely indicated, positron emission tomogra-
phy scan may be useful in the evaluation of a suspicious 
abnormality on a CT scan or in resectable metastatic disease 
to identify unrecognized metastatic foci. 

 Final staging utilizes the TNM classi fi cation (Table  63.5 ). 
The Duke’s classi fi cation is no longer widely used. 
Pathologic examination should include grade, depth of 
penetration, extension, margins, involvement of lymph 
node, and peritoneum. Testing for  KRAS  mutation status 
on archived specimens is recommended at the time of diag-
nosis of stage IV disease.  KRAS  mutation predicts lack of 
response to cetuximab or panitumumab to help guide 
therapy.   

   Management of Colon Cancer 

   General Aspects 

 There are limitations in applying available scienti fi c data to 
the elderly population. Older individuals are typically under-
represented or excluded from clinical trials and pharmacoki-
netic studies. Data on the elderly are generally obtained from 
retrospective subset analysis or studies mainly involving  fi t 
elderly with fewer comorbidities, which may not be repre-
sented by the typical patient. Prospective clinical data need 
to better focus on the older age group. 

 With the available information, it is considered that the 
elderly derive bene fi t from CRC chemotherapy, both in 
the adjuvant and metastatic settings with outcomes com-
parable to the young. Relevant management concerns for 
older adults include medication reconciliation,  identifying 

   Table 63.4    Adenoma-carcinoma sequence correlated with some of 
the known major molecular mechanisms  [  4,   6  ]    

 Stages of 
carcinogenesis 

 Major associated molecular abnormalities 

 Genes  Chromosome 

 Normal colon  Not applicable  Not applicable 
 Small adenoma  MMR genes,  APC, 

CTNNB1  
 5q loss 

 Large adenoma   KRAS, BRAF   18q loss 
 Carcinoma   PTEN, TP53   17q loss, 8q loss 

  MMR genes—mismatch repair genes. Major MMR genes involved are 
 MLH1, MLH3, MSH2, MSH6, PMS1,  and  PMS2 . Germline (inherited) 
mutations result in HNPCC. Somatic mutations occur in about 15% of 
sporadic cases. These mutations result in microsatellite instability, mea-
sured as microsatellite high or low depending on the degree of 
instability 
  APC —adenomatous polyposis coli gene.  APC  is a tumor suppressor 
gene.  APC  gene encodes APC protein, which is a component of 
 b -catenin degradation complex. Inactivating mutations in the  APC  or 
activating mutations of  b -catenin gene  (CTNNB1)  result in activation of 
Wnt pathway. Germline mutation in the  APC  gene results in FAP or 
related syndromes. Somatic inactivation of  APC  occurs in about 85% of 
sporadic CRCs 
  KRAS  gene (v-Ki-ras2 Kirsten rat sarcoma viral oncogene 
homolog)—encodes K-Ras protein, a GTPase which relay mitogenic 
signals from receptor tyrosine kinases and activates MAP kinase and 
PI3K pathway.  BRAF  gene (v-raf murine sarcoma viral oncogene 
homolog)—encodes B-Raf protein, a downstream mediator of MAP 
kinase pathway. Hence, biologic consequences of BRAF mutations 
mimic  KRAS  mutations. These mutations are acquired during later 
part of adenoma progression.  KRAS  mutations are seen in about 
50% of CRCs and BRAF mutations in about 15% 
  PTEN  gene (phosphatase and tensin homolog), a tumor suppressor 
gene, encodes PTEN protein. PTEN protein is a phosphatase which 
dephosphorylate phosphatidylinositol 3-kinases (PI3K). Inactivating 
mutations of  PTEN  result in activation of PI3K pathway signaling 
  TP53  gene (tumor protein p53) encodes p53 protein which plays a role 
in cell cycle regulation, DNA repair, and apoptosis. It is a tumor sup-
pressor gene located on the short arm of chromosome 17 (17p). Loss of 
heterozygosity in the 17p locus, a relatively late event in the progres-
sion is seen in up to 75% of CRCs. Germ line mutation results in 
Li-Fraumeni syndrome  
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inappropriate medications, assessment of adequate organ 
function, consideration for drug interactions, adverse drug 
reactions, dose modi fi cation for renal function when 
required, and evaluation for compliance. 

 In addition to estimating cancer-related morbidity and 
mortality risks, assessments should include other factors 
that may interfere with or affect treatment tolerance and 
life expectancy. These include cognitive status, mood dis-
orders, swallowing dif fi culty, falls risk, social support, 
patient values, and treatment goals. Advance directives 
(living will or healthcare proxy) must be encouraged and 
implemented where possible. Frequent revisions of plans 
may be necessary.  

   Comorbidity and Functional Status 

 Aging is a highly individualized process; de fi ning age cut off 
is arbitrary. Biologic aging is increasingly recognized as the 
more relevant factor; risk strati fi cation should include func-
tional status, comorbidities, and attributes of biologic aging. 

 The importance of performance status on outcomes of 
chemotherapy is well known for variety of tumors. Commonly 
used measures of functional status such as Eastern 
Cooperative Oncology Group (ECOG) performance status 
and Karnofsky score do not incorporate comorbid condi-
tions. Comprehensive geriatric assessment is useful, but is 
time-consuming and not speci fi cally studied in reference to 
chemotherapy and colon cancer outcomes. Other available 
tools include Charlson comorbidity index and Cumulative 
Illness Rating Scale for Geriatrics. A short self-administered 
geriatric assessment as a tool to predict outcomes is currently 
being evaluated  [  9  ] . Computer-based comprehensive geriat-
ric assessment for individuals 70 or older with gastrointesti-
nal malignancies is currently undergoing trial (NCI Protocol 
ID 09-035 NCT00973440).  

   Locoregional Disease 

   Surgery 
 Surgical resection is the mainstay in the management of 
locoregional (stages I, II and III) and subsets of stage IV 
colon cancer. European data suggest that older patients are 
less likely to receive curative surgery and more likely to 
undergo emergency surgery  [  10  ] . Although reports are 
con fl icting, operative complications and mortality may 
increase with age. Comprehensive preoperative assessment, 
careful patient selection, avoidance of urgent surgery, and 
optimizing medical status are important. Laproscopic sur-
gery may be associated with lower morbidity and mortality 
 [  11  ] . Resection of solitary hepatic metastases is safe in 
selected older patients  [  12  ] .  

   Adjuvant Chemotherapy 
 Adjuvant chemotherapy helps prevent disease recurrence 
and prolongs survival in patients with at least 5 years of 
life expectancy  [  13  ] . The bene fi ts in lymph node positive 
disease (Stage III) are established, with improved disease-
free and overall survival. The proportion of patients with 
stage III colon cancer receiving adjuvant chemotherapy is 
considered a quality care measure  [  14  ] . The role of adju-
vant chemotherapy in stage II colon cancer is unclear; cur-
rent evidence does not support its routine use. In a recent 
study of stage III community older patients, only 50% of 
those over 75 received adjuvant treatment. Older individu-
als received less toxic and shorter duration of chemother-
apy and did not experience more ADRs than younger 
patients  [  13  ] . 

 Based on a survey of 123 patients including 30% older 
than 70 years and 74% with stage III cancer, the majority of 
patients believed that even small survival bene fi ts were 
suf fi cient to consider adjuvant chemotherapy as worthwhile, 
with the younger group hoping for greater bene fi ts  [  15  ]  

   Table 63.5    Staging of CRC   

 Stage  Description  TNM category  Dukes 

 0  Carcinoma in situ  Tis N0 M0 
 I  Tumor invades submucosa (T1) 

 Tumor invades muscularis propria (T2) 
 T1 N0 M0 
 T2 N0 M0 

 Dukes A 

 II  Tumor invades into pericolorectal tissues (T3) 
 Tumor penetrates the visceral peritoneum (T4a) or directly invades other organs 
or structures (T4b) 

 T3 N0 M0 
 T4a N0 M0 
 T4b N0 M0 

 Dukes B 

 III  With regional lymph node metastasis 
 N1: metastasis in 1–3 regional lymph nodes 
 N2: metastasis in  ³ 4 regional lymph nodes 

 Dukes C 
 Any T N1 M0 
 Any T N2 M0 

 IV  With evidence of distant metastasis 
 M1a: metastasis con fi ned to one organ or site 
 M1b: more than one organ or site or involvement of peritoneum 

 Any T Any N M1a 
 Any T Any N M1b 
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 The major chemotherapeutic agents used and speci fi c 
concerns with the elderly are presented in Table  63.6 . 
Adjuvant therapy for over 6 months does not have a favor-
able risk bene fi t ratio, while chemotherapy for 3 months 
may provide meaningful bene fi t where longer duration (up 
to 6 months) is not feasible  [  16  ] . Older patients may experi-
ence more ADRs especially myelosupression and fatigue. 
Common adjuvant regimens used in the elderly include 
infusional 5-FU with leucovorin (LV), single agent capecit-
abine, or oxaliplatin in combination with either 5FU/LV 
(FOLFOX) or capecitabine and leucovorin (XELOX)  [  17  ] . 
In an analysis of 10,499 patients <70 years compared to 
2,170 patients >70 years from the ACCENT (Adjuvant 
Colon Cancer End Points) database, the authors compared 
combination and oral chemotherapy to IV 5FU alone. 
Patients >70 years did not obtain more clinically meaning-
ful bene fi t from combination chemotherapy or oral chemo-
therapy, compared to IV 5FU  [  18  ] . The implications for 
routine practice are unclear. Age by itself is not a barrier for 
chemotherapy. Pooled analyses support the use of adjuvant 
therapy for otherwise  fi t elderly.  

 Approximately 75% of stage II patients are cured by 
surgery alone  [  19  ] . Studies suggest a decreasing disease-
speci fi c survival with increasing risk factors, and only a 
small subset of stage II patients with high-risk features 
may bene fi t with adjuvant chemotherapy. Online tools are 
available to estimate recurrence risk  [  20  ] . MSH-H tumors 
may be a marker of more favorable outcome and decreased 
bene fi t from adjuvant  fl uoropyrimidine alone  [  21  ] . 

 Adjuvant radiotherapy (RT) may be used in highly 
select cases of locally advanced disease (T4) involving 
ascending or descending colon (considered anatomically 
immobile structures) or positive resection margin.   

   Metastatic Disease 

 Most patients with metastatic disease cannot be cured except for 
a subset with surgically resectable disease. Median survival with 
supportive care alone is about 6 months. With combination regi-
mens, the median overall survival ranges from 18 to 24 months 
 [  22  ] . Combination chemotherapy has similar ef fi cacy in older 
individuals compared to the young and is standard therapy in  fi t 
elderly. Commonly used regimens include FOLFOX and 
FOLFIRI (irinotecan with 5FU/LV), with or without bevaci-
zumab. Staged excision is possible for resectable liver or lung 
metastases after combination chemotherapy for 2–3 months. 

 Among targeted agents, the ef fi cacy of bevacizumab in 
the elderly is similar to that in the young with similar toxicity 
except for increased risk of thromboembolism. Cetuximab 
may have acceptable toxicity and has similar ef fi cacy com-
pared to younger patients. Panitumumab signi fi cantly 
improved PFS with manageable toxicity in chemorefractory 
disease compared to best supportive care  [  23  ] . Tumors with 
mutated  KRAS  do not respond to anti EGFR therapies; hence, 
testing is essential prior to such therapies. 

 Risks of therapy may be considerable in the frail elderly 
with limited life expectancy. However, when poor functional 
status is caused by cancer, treatment may improve the general 
condition. Techniques to decrease toxicity include stepwise 
addition of agents with multiagent chemotherapy, avoidance 
of bolus 5FU component in combination regimens, use of 
single agent rather than combinations, dose reduction, use of 
growth factors, and chemotherapy holidays  [  24  ] , as well as 
periodic reassessment. In addition to chemotherapy, other 
palliative measures include palliative colon resection, RT for 
uncontrolled bleeding, stents for obstruction, laser ablation, 
and other supportive measures (Fig.  63.1 ).    

   Table 63.6    Considerations for commonly used chemotherapeutic agents in elderly  [  29  ]    

 Chemotherapeutic agent  Comments 

 5-Fluorouracil (5-FU)  Hematologic toxicity more common in elderly and with bolus 5-FU 
 Other toxicity may be higher in elderly though studies are not conclusive (cardiac, neurotoxicity) 
 Weekly regimens are better tolerated than monthly regimens 

 Capacitabine  Age alone does not affect pharmacokinetics 
 Dose should be adjusted to creatinine clearance; starting dose to be no more than 1,000 mg/m 2  

 Oxaliplatin  No increase in toxicity with mild-to-moderate renal impairment 
 Neurotoxicity is common but does not increase with age 
 No data to support reduction in dose based on age alone 
 Best avoided in the presence of preexisting neuropathy 

 Irinotecan  Pharmacokinetics similar to younger individuals 
 Both early and delayed diarrhea are more common in elderly 
 Q 3 weekly regimen may be associated with lower rate of diarrhea 
 Reduced starting dose recommended for patients over age 70 

 Bevacizumab  Limited data on pharmacokinetics with age 
 Increased risk of arterial thromboembolic events, GI side effects, fatigue, and proteinuria 

 Cetuximab/panitumumab  Limited data. Tolerated, with ef fi cacy similar to younger patients 
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   Management of Rectal Cancers 

 Rectal cancers are large bowel cancers found within 12 cm 
of the anal verge by rigid proctoscopy. In those >85 years, 
rectal cancer constitutes one-third of all neoplasms  [  25  ] . 
Rectal cancer differs from colon cancer in its pattern of 
spread and pelvic recurrence. 

 Surgery is associated with potential bowel and bladder 
disturbances. In a study based on the SEER database (1991–
2002), age >70 was associated with less aggressive treatment 
and increased cancer-related mortality  [  26  ] . Major rectal 
resection can be performed with similar rates of local recur-
rence, distant metastasis, and relative survival, irrespective 
of age in selected patients  [  27  ] . In patients over 70 years with 
locally advanced rectal cancer, those with mild comorbidi-
ties can receive the same treatment as the  fi t elderly, since 
tolerability was similar  [  25  ] . Evidence suggests that manage-
ment of rectal cancer in the old should be similar to that in 
the young, individualized by frailty-associated factors and 
patient preferences. 

 General treatment modalities include surgical resection, 
chemotherapy, and radiation. Chemotherapy for rectal can-
cer is similar to that of colon cancer. Early-stage disease may 
be managed by surgery alone. In contrast to colon cancer, 
neoadjuvant and adjuvant therapies often include locore-
gional radiation in view of high risk for local recurrence. 

 Neoadjuvant chemoradiotherapy is indicated for locally 
advanced T3/T4 tumors and for other subgroups where tumor 
shrinkage might allow sphincter sparing surgery. Continuous 
infusion 5FU with RT is a commonly used neoadjuvant regi-
men. Other regimens include capecitabine + RT and bolus 
5FU with leucovorin + RT. 

 Adjuvant chemoRT is used for those at higher risk for 
pelvic failure (pT3-4, or N1-2) who have not received neoad-
juvant chemoRT. Adjuvant chemoRT regimens commonly 
employ a sandwich approach where chemoRT (similar to 
neoadjuvant regimen) is sandwiched between periods of che-
motherapy alone. Adjuvant 5FU-based chemotherapy with-
out RT is used for all patients who received neoadjuvant 
chemoradiation. Metastatic cancer is treated similarly to 
colon cancer (Fig.  63.2 ).   

   Surveillance 

 Posttreatment monitoring after adjuvant therapy provides the 
opportunity to assess complications of treatment, identify 
recurrence at an early stage, and counsel for risk factor reduc-
tion and health promotion. Recommended surveillance 
includes clinical examination every 3–6 months for 2 years, 
and thereafter every 6 months until 5 years. CEA is measured 
every 3–6 months for 2 years and every 6 months up to 5 years. 

  Fig. 63.1    General 
management of colon cancer 
 [  10,   11,   13,   18,   19  ]        
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Colonoscopy is recommended at 1 year, 3 year, and every 5 
years following resection unless indicated more often for 
abnormal interval  fi ndings or for HNPCC. If colonoscopy was 
not performed preoperatively due to obstructing lesion, it 
should be performed 3–6 months postresection. For stage II 
and III patients who are candidates for potentially curative 
resection of liver or lung metastases, annual CT scans are rec-
ommended for 3–5 years  [  28  ] . Elevation of CEA following 
surgery warrants complete evaluation for disease recurrence. 
Frequency and intensity of surveillance should consider indi-
vidual goals and feasibility of surgery for early recurrence of 
disease. 

  Key Points 

    Colorectal cancer (CRC) predominantly affects older • 
individuals with a median age of 71 years at diagnosis.  
  CRC is linked to environmental and genetic factors; familial • 
syndromes with de fi ned genetic abnormalities account for 
5% of cases.  

  Nonsteroidal anti-in fl ammatory drugs and aspirin use are • 
associated with reduced risk of colonic adenomas; chemo-
prevention is not indicated for average-risk individuals at 
this time.  
  Multidisciplinary approach and incorporation of appro-• 
priate geriatric assessment are helpful in the management 
of CRC.  
  Older adults derive comparable bene fi ts with chemother-• 
apy in both adjuvant and metastatic settings.  
  Molecular information is increasingly useful in both diag-• 
nosis and management of CRC. Testing for  KRAS ,  BRAF  
mutations, and microsatellite instability in select patients 
helps select appropriate therapy.          

  De fi nitions 

  Annual percent change (APC)    The average annual percent 
change over several years. The APC is used to measure 
trends or the change in rates over time. For information 
on how this is calculated, go to Trend Algortihms in the 
SEER*Stat Help system. The calculation involves  fi tting 
a straight line to the natural logarithm of the data when it 
is displayed by calendar year.   

  Joinpoint analyses    A statistical model for characterizing 
cancer trends which uses statistical criteria to determine 
how many times and when the trends in incidence or mor-
tality rates have changed. The results of joinpoint are giv-
en as calendar year ranges and the annual percent change 
(APC) in the rates over each period.   

  Survival rates    Survival examines how long after diag-
nosis people live. Cancer survival is measured in a 
number of different ways depending on the intended 
purpose.   

  Relative survival rate    A measure of net survival that is 
calculated by comparing observed (overall) survival with 
expected survival from a comparable set of people who 
do not have cancer to measure the excess mortality that is 
associated with a cancer diagnosis.   

  Stage distribution    Stage provides a measure of disease pro-
gression, detailing the degree to which the cancer has ad-
vanced. Two methods commonly used to determine stage 
are AJCC and SEER Summary Stage. The AJCC method 
(see Collaborative Staging Method) is more commonly 
used in the clinical settings, while SEER has strived to 
provide consistent de fi nitions over time with their Local/
Regional/Distant staging.   

  Lifetime risk    The probability of developing cancer in the 
course of one’s lifespan. Lifetime risk may also be dis-
cussed in terms of the probability of developing or of 
dying from cancer. Based on cancer rates from 2004 to 
2006, it was estimated that men had about a 44% chance 

  Fig. 63.2    General management of rectal cancer  [  25–  28  ]        
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of developing cancer in their lifetimes, while women had 
about a 38% chance.   

  Probability of developing cancer    The chance that a person 
will develop cancer in his/her lifetime.   

  Prevalence    The number of people who have received a 
 diagnosis of cancer during a de fi ned time period, and 
who are alive on the last day of that period. Most preva-
lence data in SEER is for limited duration because infor-
mation on cases diagnosed before 1973 is not generally 
available. (  http://seer.cancer.gov/statfacts/html/colorect.
html    ) (Accessed May 23, 2011).    
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   What Is Palliative Care? 

 The practice of palliative care is derived from the de fi nition 
of the root word  Palliate: to reduce the violence of a disease; 
to ease symptoms with curing the underlying disease   [  1  ] . 
Palliative care is the aggregate of treatments provided to 
patients with serious or life-threatening illnesses focused on 
alleviating pain and other symptoms. Such care is not neces-
sarily provided only at the end of life, but can be utilized 
throughout the trajectory of a serious illness, in conjunction 
with curative-focused medical care. Figure  64.1  illustrates 
the current perspective of how palliative care is viewed over 
time of treatment.  

 The application of palliative care within gastroenterology 
(GI) has been described as a “promising philosophical frame-
work for gastroenterology”  [  2  ] . This is because of the wide 
range of symptoms of many chronic GI conditions in the 
elderly that require careful attention to symptom manage-
ment, for which palliative care is uniquely well suited. 
Palliative care is especially helpful when there are concur-
rent multiple medical comorbidities such as cancer, heart 
failure, or dementia that conspire to weaken an older adult 
with a predominant GI problem. 

 Palliative care is most often delivered by a team consist-
ing of physicians and nurses, with the support of social 
 workers, pharmacists, nutritionists, physical therapists, and 
chaplains, and may include others such as anesthesiologists, 
neurologists, and psychiatrists. While the services are 

usually hospital-based, formal palliative care teams can serve 
community patients and long-term care residents. 

 Ideally, palliative care is included alongside treatment of 
the serious or life-threatening illness, broadening its inter-
vention as the patient’s illness progresses. The focus of pal-
liative care efforts with the primary disease-centered care 
will change over time with course of the illness. For a patient 
with rectal cancer, for instance, initial efforts might focus on 
restoration of normal eating or bowel function or helping the 
adjustment to a colostomy. Subsequent efforts, should the 
patient have disease progression, might focus on optimizing 
function in the presence of metastatic cancer, pain manage-
ment, control of chemotherapy-related nausea, narcotic-
related constipation, or malignant bowel obstruction.  

   Palliative Care Versus Hospice Care 

 Palliative care and hospice care can often be confused or, 
incorrectly, considered synonymous with each other. While 
both share many techniques and interventions, Table  64.1  
presents key distinctive elements of each.  

 In presenting such distinctions to patients and their family 
caregivers, it is useful to point out that palliative care can be 
given alongside curative or “aggressive” interventions. In 
contrast, the hospice Medicare insurance bene fi t is limited to 
patients with life-terminating disease when survival is esti-
mated to be less than 6 months. Often this hospice prognostic 
assessment can be phrased to the provider as: “Would you be 
surprised if this patient would die within the next 6 months 
from their current conditions?” If the answer is “no,” hospice 
referral should be considered. While patients can be 
recerti fi ed to remain on hospice for additional 6-month peri-
ods, the formal prognosis determination is a key distinction 
between palliative care and hospice.  
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   Palliative Care Measures and Outcomes 

 The goals of palliative care treatments for older adults with GI 
issues focus more on suppressing morbidity and enhancing 
quality of life aspects. Such goals are best expressed in terms 
of functional abilities. Table  64.2  reviews the terminology of 
function expressed as activities of daily living (ADLs).  

 The highest level of function, integrative or executive, 
brings together multiple aspects of health and wellness requir-
ing intact cognitive functions of judgment, awareness, and 
insight to make the most of the other two functional domains. 
Instrumental ADLs re fl ect tasks that, when impaired, prompt 
the need for in-home supplemental services such as meal 
delivery, home maker, cooking, cleaning,  fi nances, or medi-
cation monitoring. Impairment of multiple basic ADLs will 
often require consideration of institutional placement—e.g., 
an assisting living residence, skilled nursing facility—or 24 h 
care in the home if feasible. The hierarchical nature of ADLs 
is important in both assessing the interaction between dis-
eases common in older adults and arranging for supplemental 
services. For example, the progressive nature of many dement-

ing illnesses such as Alzheimer’s disease will cause integra-
tive and instrumental ADL impairments long before basic 
ADLs become impaired; basic ADLs are the last function to 
be lost. A demented patient who abruptly develops bowel 
incontinence but retains independence in many higher level 
function areas would not be expected to have the incontinence 
attributed to the dementia but rather due to some other inter-
vening and potentially correctable condition. 

 Palliative care interventions are effective in optimizing func-
tion and quality of life. In a study of patients with cancer receiv-
ing regular oncology care and a palliative care-focused 
intervention addressing physical, psychosocial, and care coor-
dination, outcomes included better quality of life and mood 
despite similar symptom intensity and reduced days in the hos-
pital, intensive care unit utilization, and emergency department 
visits  [  3  ] . Another study assessed the impact of an inpatient 
palliative care team in a randomized trial; patients with a wide 
variety of life-limiting diseases were assigned to receive usual 
care or usual care plus palliative care services which consisted 
of discussion of medical issues, end-of-life issues, manage-
ment of physical symptoms, psychological and spiritual issues, 

  Fig. 64.1    The integration 
of palliative care with 
curative care over the course 
of a patient’s chronic  Illness  
(adapted from: Murray et al. 
 [  18  ] . Used with permission)       

   Table 64.1    Distinctions between hospice and palliative care   

 Palliative care characteristics  Hospice characteristics 

 Independent of prognosis  Requires formal prognosis 
estimation from physician 

 Appropriate throughout illness 
course, including terminal phase 

 Appropriate for terminal phase of 
illness, especially when “actively 
dying” 

 Focus on optimizing function 
through symptom relief 

 Focus on terminal symptom 
management 

 Funded through existing payment 
mechanisms 

 Funded through Medicare part A 
bene fi t 

 Interventions often adjunctive to 
curative treatment/interventions 

 May exclude interventions 
focused solely on longevity 

   Table 64.2    The hierarchal domains of functional measures   

 Integrative activities of daily living  Driving and transportation 
 Home safety 

 Instrumental activities of daily living  Cooking 
 Cleaning 
 Shopping 
 Communicating 
 Handling  fi nances 
 Administering medications 

 Basic activities of daily living  Bathing 
 Dressing 
 Toileting and continence 
 Transferring and mobility 
 Feeding 
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practical needs, and assistance with discharge planning. There 
was no difference in the initial hospital stay duration, though 
patients receiving palliative care had better implementation of 
advance directives. There was no difference in quality of life 
between the groups but higher satisfaction with the hospital 
care among the recipients of palliative care consults. However, 
the patients who received palliative care consults had fewer 
ICU stays on readmission, decreasing signi fi cantly the overall 
cost of care for these patients  [  4  ] . A study limited to patients 
with metastatic lung cancer randomly assigned to have a pallia-
tive care team assist the primary oncologic team in the treat-
ment of patients or to no additional assistance found that those 
who received additional input of palliative care had fewer 
symptoms, less depression, and less frequent aggressive end-
of-life care, and lived approximately 2.5 months longer  [  5  ] . 

 To achieve positive outcomes through palliative care inte-
gration into care of geriatric GI patients, common communi-
cation and geriatric care delivery barriers need to be 
addressed, as reviewed in Table  64.3 .   

   Palliative Care Techniques Targeting Specifi c 
End-of-Life Gastrointestinal Symptom 
Management    

 Gastrointestinal symptoms are prominent throughout a vari-
ety of elder life-threatening or life-terminating illnesses, i.e., 
cancer, heart failure, dementia, and terminal frailty. Table  64.4  
outlines common palliative care concerns that geriatricians 
or gastroenterologists may need to address, for which pallia-
tive care offers a speci fi c agenda.   

   Anorexia, Inadequate Oral Intake, and Enteral/
Parental Feeding 

 Decreased intake may be from multiple etiologies, some 
remediable once identi fi ed. The problems may relate to poor 
state of teeth, poor denture  fi t, or an oral yeast infection that 

may respond to local therapy. A medication review may 
identify medications that decrease appetite such as amio-
darone, digoxin, aminophylline, levodopa,  fl uoxetine, lith-
ium, metronidazole, and several chemotherapy agents  [  6  ] . 
Concurrent chronic illnesses, such as COPD or congestive 
heart failure, may sap energy, as may progressive neurologic 
conditions with associated oropharyngeal muscle impair-
ment such as dysphasia of Parkinson’s disease and 
Alzheimer’s dementia  [  7  ] . Narcotics may cause both nausea 
and constipation; slow titration may limit nausea which is 
generally a time-limited side effect. A bowel regimen must 
be initiated at the same time narcotics are begun. 

 Palliative care includes pharmacologic approaches to 
anorexia. Megesterol, as oral suspension, 400–800 mg/day is 
sometimes effective, though it does not increase lean body 
mass. A limiting concern with this agent is the increased like-
lihood of deep vein thrombosis in this often sedentary popula-
tion. Dronabinol, 2.5–5 mg, is less commonly used in older 
subjects compared to the young; it may be associated with 
delirium or nausea. Methylphenidate, 2.5–5 mg given in the 
morning and early afternoon, may increase appetite and activ-
ity level but can increase heart rate and agitation. The antide-
pressant agent mirtazapine, 7.5 mg, at bedtime has variable 
ef fi cacy but is a  fi rst choice for older adults with depression 
and insomnia accompany anorexia. Prednisone10–20 mg, in 
the morning, may also be used short term for treatment of 
anorexia, with appropriate concern for glucose intolerance, 
gastritis, and muscle weakness. 

 Providers should acknowledge the emotional impact of 
reduced food intake common among terminally ill older adults 
and their family caregivers. Relatives and friends who witness 
the decline of their loved one within health care settings may 
feel powerless to in fl uence the course of the illness and resort 
to prior interventions in an effort to “do something.” When 
these interventions are perceived as ineffective, their distress 
can be imparted to the patient, worsening the situation. A use-
ful concept in such situations is that of comfort or recreational 
feeding  [  8  ] . Rather than focus on quantitative calorie intake, 
the sensory aspects of taste, smell, texture, and any associated 

   Table 64.3    Overcoming common barriers during end-of-life geriatric care   

 Common barriers  Speci fi c issues  Strategies 

 Sensory impairments  Hearing loss 
 Visual impairment 
 Taste loss 

 Assistive listening device (e.g., PocketTalker©) 
 Access to concise large print patient instruction materials 
 Consider mineral and vitamin de fi ciencies 
 Saliva replacement 

 In-of fi ce functional mobility  Poor standing balance for weight 
 Inability to climb onto exam table 

 Seated chair scale 
 Electric tilt tables 
 Grab bars/hand rails for toilets and care settings 

 Provider–patient communication  Limited English pro fi ciency 
 Limited health literacy 

 Access to medical translation services 
 Con fi rm mutual understanding between patient, caregiver, 
and provider during encounters 

 Cognitive impairment  Dementias 
 Fluctuating alertness 

 Facilitate of fi ce staff—family caregiver interactions 
 Communicate written plans with involved care providers 
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memories with highly evocative foods may be stressed. Small 
amounts of pleasing foods and beverages presented by hand 
allow caregiver and patient to interact in a mutually bene fi cial 
way to complement the health care provider’s interventions. 

 In addressing the anorexia of terminal care of the elderly 
with chronic GI issues, total parental nutritional (TPN) 
becomes a consideration. In a patient with signi fi cant likeli-
hood of recovery, the implementation of nutritional support 
using parenteral nutrition may be an appropriate interven-
tion  [  9  ] . However, for a patient with a life-limiting illness, 
arti fi cial parenteral nutrition should only be considered as a 
short-term intervention to allow a person to attain realizable 
near-term improvement in function or quality of life. Cancer 
patients most likely to bene fi t from TPN are those for whom 
less invasive methods have failed, those who able to partici-
pate in their own care, and who have an estimated survival 
of greater than 1.5–2 month with good social and  fi nancial 
support, with a home provider of care  [  10  ] . 

 The use of enteral tube feeding (e.g., pericutaneous enteral 
gastrostomy; PEG) is a major concern and requires careful 
consideration before being placed in patients with inability 
to eat and substantial weight loss at end of life. In patients 
with advanced dementia ,  there is no evidence of increased 
survival; reduced pressure ulcers; or improved quality of life, 
nutritional status, function, behavior, or psychiatric symp-
toms in patients fed via gastrostomy tubes  [  11,   12  ] . Further, 
this modality of feeding may bypass the personal interaction 
that is part of nurturing care. 

 Families frequently suggest end-of-life parenteral nutri-
tion, tube feeding, or intravenous hydration interventions 
because of their understandable concerns of symptomatic 

thirst, hunger, or dehydration  [  13  ] . These discussions may be 
dif fi cult or uncomfortable, but do allow the medical provid-
ers to explore patient’s and families’ fears, concerns, and 
goals of care for the patient. It is always helpful to ascertain 
any prior expressed wishes by the patient about such treat-
ments, as well as ensuring that caregivers understand that 
TPN and intravenous hydration have risks including need for 
venous access, edema, and infection, and may merely pro-
long the dying process rather than restore their loved ones to 
health  [  14  ] . Some data exists that terminally ill patients do 
not suffer from thirst or hunger as death approaches  [  15  ] . 
The outcomes from such discussions can be put into a revised 
advanced directive document such as “Physician Orders for 
Life-Sustaining Treatments” (POLST) or “Medical Orders 
for Life-Sustaining Treatment” (MOSLT) that are becoming 
recognized in many states as a means to address out-of-
hospital directives  [  16  ] .  

   Ascites 

 Ascites in the palliative care setting is treated by conventional 
methods that include diuretics, paracentesis, and possibly 
portal decompression. Unfortunately, patients with malignant 
ascites rarely improve through the use of diuretics or portal 
decompression so that repeated paracentesis can become nec-
essary on an increasingly frequent basis. The discomfort of 
refractory, symptomatic malignant ascites may be relieved 
with the use of an indwelling  peritoneal catheter (Pleurx ® ) 
which can be drained at home. The proactive involvement of 
a multidisciplinary team to assist family caregivers in the 

   Table 64.4    The palliative care agenda in common geriatric GI issues   

 Common geriatric gastroenterology issues  Disease contexts  Palliative care intervention 

 Abdominal pain  Advanced GI malignancies 
 Chronic pancreatitis 
 Constipation 

 Analgesia delivery and monitoring 
 Proactive management of narcotic-related adverse effects 

 Dysphagia  Advanced dementias 
(e.g., Alzheimer’s disease) 
 Stroke 

 De fi ning goals of care for enteral feeding technology 
 Comfort feeding when appropriate 

 Ascites  End-stage liver disease 
 Metastatic disease 

 Therapeutic paracentesis 
 Drainage procedures 

 Constipation  Advanced neurologic diseases 
(e.g., parkinsonism) 
 Metabolic diseases (e.g., diabetes) 
 Narcotic use 

 Stool motility medications 
 Ensuring skin hygiene and integrity 
 Fluid intake 

 Obstructive jaundice  Pancreatic cancer 
 Metastatic disease 

 Surgical bypass procedures 
 Biliary stenting 
 Treatment for associated pruritus 

 Intestinal obstruction  GI malignancies  Decompression 
 Antinausea interventions 

 Anorexia  Depression 
 Malignancies 

 Appetite stimulants 
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education and management of such catheters helps reduce 
anxiety of patient and caregiver while minimizing unneces-
sary hospital visits after the patient is transferred out of hospital 
to home with such a device in place.  

   Constipation 

 Constipation is a common occurrence in the elderly requiring 
palliative care. In planning interventions that often require 
multiple bowel agents, one must ensure that the volume of 
 fl uids and number of pills does not excessively burden patients’ 
routine or compromise the ability for adequate nutritional 
intake. Stool softeners such as docusate may be combined 
with a stimulant laxative, such as bisacodyl or senna, but only 
after fecal impaction is addressed through topical anesthetic 
gel-accompanied manual disimpaction. Proactive attention to 
the predicable reduced mobility effects of narcotic analgesics 
is essential, with the need to initiate a routine stimulant laxa-
tive when narcotics are started  [  17  ] . Multiple daily doses of 
the laxative are commonly required with a gradual increase 
of the stimulant dose with concurrent increases in the amount of 
narcotic analgesics. Methylnaltrexone is helpful for patients 
with severe opioid-induced constipation, but parenteral admin-
istration is required. Lubiprostone is under study for the treat-
ment of opioid-induced constipation.  

   Cancers with Intestinal Obstruction 

 Cancers of GI origin may cause obstruction at any site from 
the esophagus to the rectum, and sometimes at multiple lev-
els. Palliative interventions “to buy time” can be considered 
while de fi nitive treatment is awaited, or as comfort mea-
sures near the end of life. Surgical interventions may be 
considered for a single, localized bowel obstruction whereas 
endoscopically placed stents are useful for palliation of 
esophageal, duodenal obstruction, and some colonic/rectal 
obstructions. For a patient with bowel obstruction not ame-
nable to surgery or stenting, a venting gastrostomy is rela-
tively easily placed, and allows patients to be free of emesis 
and nasogastric tube. Octreotide, given subcutaneously 
twice or thrice daily, can decrease GI secretions and lessen 
emesis.  

   Summary 

 Ultimately, the aim of palliation of GI symptoms is to focus 
on the “big-picture” of the patient’s disease, the overall prog-
nosis, and the realistic functional goals that are identi fi ed for 

this phase of illness. Through careful application of integrat-
ing palliative care principles and techniques into the ongoing 
GI care delivery, patients can be made more comfortable and 
functional through their terminal illness. 

  Key Points 

    Palliative care and hospice care share many symptom-• 
directed therapeutic strategies, though palliative care can 
be utilized earlier in the course of a patient’s illness, 
before the terminal 6 months of life expectancy required 
for activating Medicare hospice bene fi t.  
  The goals of therapy during end-of-life care to decrease • 
morbidity while enhancing quality of life can be assessed 
in terms of function abilities and measured in “units” of 
activities of daily living (ADLs).  
  Proactively addressing symptoms like narcotic-related • 
constipation, terminal-phase anorexia, and caregiver 
concerns about parental or enteral feedings are best 
addressed through a palliative multidisciplinary care 
team integrated with the geriatrician, primary physician, 
and gastroenterologist.          
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         Introduction 

 Surgery has an essential role in the care of the geriatric 
patient. Patients 65 years of age and older are two to three 
times more likely to undergo surgical procedures, e.g., 1,327 
procedures/10,000 persons aged 65–84 years vs. 626 proce-
dures/10,000 persons aged 45–64 years  [  1  ] . Older adults 
account for approximately 50% of all emergent operations 
but 75% of operative mortality  [  2  ] . 

 Improvements in anesthesia techniques, perioperative 
monitoring, endoscopic and minimal access techniques have 
added to the ease and safety of operative therapy resulting in 
reduced mortality, increased ambulatory surgery, and shorter 
stay hospitalizations. The lack of physiologic reserve is the 
single most important factor that decreases the older adult’s 
ability to tolerate surgery. Physiologic age more than chrono-
logical age, in addition to comorbidity, more accurately pre-
dicts surgical outcomes in the elderly  [  3  ] . Attention to details 
is critical. It is imperative that the surgeon identi fi es those at 
increased risk and tailor treatment accordingly.  

   Abdominal Pain 

 Abdominal pain is a challenging complaint as it commonly 
represents a benign condition, but could also stage serious 
pathology. While arbitrary, acute abdomen or “surgical abdo-
men” are terms denoting sudden severe abdominal pain of less 
than a day’s duration that rapidly worsens in the absence of 
early intervention. However, the term “acute abdomen” should 
never be equated with the invariable need for surgery  [  4  ] . 

 The elderly account for 20% of all emergency department 
visits, of which 3–4% are for abdominal pain. Though most 

causes of abdominal pain are not true emergencies, the older 
patient always represents a concern due to delayed presenta-
tion, often coupled with nonspeci fi c symptoms. They may 
delay seeking care due to fear of losing independence, lack 
of health insurance, lack of transportation, diminished care-
giver support, and fear of hospitalization or death  [  5  ] . Half 
the older patients presenting to the emergency department 
with abdominal pain require hospital admission, and 20–33% 
will require immediate surgery  [  6  ] . About 40% are initially 
misdiagnosed and carry an associated mortality as high as 
34%  [  5  ] . 

 Older adults often present atypically, in part due to associ-
ated comorbidity and impaired cognitive status which makes 
it dif fi cult to obtain an accurate history. The presence of 
dementia or delirium from adverse drug effect, infection, and 
 fl uid or electrolyte imbalance contributes frequently to mis-
diagnoses. With gastrointestinal    events such as acute appen-
dicitis, cholecystitis, or bowel obstruction, a third may not 
manifest fever, elevated white blood cell count, or physical 
 fi ndings of peritonitis  [  1  ] . Failure to adequately evaluate the 
older adult at time of initial presentation may re fl ect in 
increased morbidity and mortality  [  4  ] . 

 Thorough focused history taking and physical examina-
tion are essential to correct diagnosis and timely treatment. 
History should include: time and course of pain, location 
(Table  65.1 ), type (Table  65.2 ), radiation, exacerbating and 
relieving factors, associated manifestations, past medical and 
surgical history, and current medications  [  4  ] . Patient can be 
given narcotics without obscuring the clinical  fi ndings  [  7  ] . 
Frequent reassessment, preferably by the same examiner, is 
important. Differential diagnosis should include a wide spec-
trum of disease for abdominal pain; exclude several before 
contemplating surgical intervention.   

 Routine laboratory tests, although essential, are not diag-
nostic. Upright chest X-ray is crucial to evaluate for free 
intraperitoneal air (Fig.  65.1 ) and rule out pulmonary dis-
ease. Abdominal plain  fi lms have a role while abdominal CT 
and ultrasound have higher yields.  
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 The most common causes of acute abdomen in the geriat-
ric population include acute cholecystitis, appendicitis, per-
forated peptic ulcer disease (PUD), acute pancreatitis, 
intestinal obstruction, ischemic bowel disease, diverticulitis, 
and obstructed hernias. Several are discussed elsewhere in 
the text. 

   Biliary Tract Disease 

 Biliary tract disease accounts for a third to half the patients 
over age 55 who present to the emergency department with 
acute abdominal pain  [  5  ] . Once the diagnosis of cholecystitis 
is made, supportive care including hydration, antibiotics, and 
analgesia is initiated. The selection of treatment and timing of 
de fi nitive therapy (i.e., cholecystectomy) depends upon the 
severity of the symptoms and patient’s risk for surgery. 
Laparoscopic cholecystectomy is the procedure of choice 
over open removal of the gallbladder. Generally, early chole-
cystectomy, within 48–72 h of admission is preferred, but 
many surgeons advocate a “cool-down” period, when patients 
received antibiotics for 1 week and surgery is delayed for 
6–10 weeks; this approach was considered associated with 
lower risk of morbidity and mortally and lower conversion 

   Table 65.1    Diagnosis based on location of abdominal pain   

 Right upper quadrant 
 Biliary colic 
 Acute cholecystitis 
 Duodenal ulcer 

 Appendicitis 
 Diverticulitis 

 Epigastrium 
  Peptic ulcer 
 Acute cholecystitis 
  Esophageal 
perforation 
 Pancreatitis 

 Left upper quadrant 
 Peptic ulcer 
 Diverticulitis 
 Ruptured spleen 

 Right lumbar 
 Duodenal ulcer 
 Diverticulitis 

 Ureteric colic 
 Appendicitis 

 Periumbilical 
 Early appendicitis 
  Small bowel 
obstruction 
 Perforated peptic ulcer 
 Pancreatitis 
  Ruptured aortic 
aneurysm 
 Mesenteric ischemia 
 Meckel’s diverticulitis 

 Left lumbar 
 Ureteric colic 
 Diverticulitis 

 Sigmoid volvulus 

 Right lower quadrant 
 Appendicitis 

 Diverticulitis 
 Ureteric colic 
  Inguinal or femoral 
hernia 
 Meckel’s 
diverticulitis    
  Cecal volvulus or 
bascule 

 Hypogastrium 
 Large bowel 
obstruction 
 Diverticulitis 
 Cystitis 

 Left lower quadrant 
 Diverticulitis 

 Sigmoid volvulus 
 Ureteric colic 
 Colon carcinoma 
  Inguinal or 
femoral hernia 

   Table 65.2    Types of abdominal pain   

 Onset  Sudden (instant) 

 Rapid (minutes) 

 Gradual (hours) 

 Perforated ulcer 
 Ruptured aneurysm 
 Perforated viscus 
 Biliary colic 
 Renal colic 
 Volvulus 
 Mesenteric ischemia/
infarction 
 Appendicitis 
 Intestinal obstruction 
 Strangulated hernia 
 Cholecystitis 
 Pancreatitis 

 Type  Visceral 

 Parietal 

 Referred 

 Dull, vague, poorly localized 
 Upper abdomen: stomach, 
gallbladder 
 Midabdomen: small bowel, 
appendix, colon 
 Lower abdomen: colon, 
bladder, uterus, ovaries 
 Sharp and localized 
 McBurney’s point: acute 
appendicitis 
 Tearing: dissecting/rupture 
aneurysm 
 Right scapula: gallbladder 
 Left scapula: spleen 
 Groin: renal colic 
 Back: pancreas, aortic 
aneurysm 

 Colic  Renal 

 Biliary 
 Small intestine 
 Large intestine 

 Highest intensity with 
shortest intervals 
 Acute and persistent 
 Acute and paroxysmal 
 Low intensity with longest 
intervals 

  Fig. 65.1    Perforated viscus. Chest X-ray demonstrates subdiaphrag-
matic free air above the dome of the liver       
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rates, but multiple studies, including a meta-analysis of ten 
prospective randomized trials found no difference in morbid-
ity and mortality between early and delayed cholecystectomy 
 [  8  ] . An intraoperative cholangiogram performed selectively 
when the anatomy is uncertain, better delineates the cystic 
and common bile duct, and addresses the concern of common 
bile duct stones; however, normal preoperative bilirubin lev-
els generally indicate that the clinically insigni fi cant stones 
will pass spontaneously with no sequelae. If the patient is 
un fi t for surgery, or comorbidity increases surgery risk, a per-
cutaneous catheter decompression of the gallbladder can be 
easily performed, typically by an interventional radiologist. 

 Older adults, diabetics, and those who delay seeking care 
have progressive acute in fl ammation that can lead to gan-
grene, empyema, or perforation of the gallbladder (Fig.  65.2 ). 
Gangrenous cholecystitis is a common complication in older 
adults, diabetics, and in those who delay getting evaluation. 
Perforation often occurs in gangrenous cholecystitis and 
leads to abscess formation or perforation into the peritoneum, 
with consequent tenfold increase in mortality  [  9  ] . Evidence 
of emphysematous cholecystitis, sepsis, or rapidly deteriorat-
ing status warrants prompt attention and cholecystectomy. 
Similarly, other complications including  cholecysto-enteric 
 fi stulas, gallstone ileus, and gallstone pancreatitis are more 
common in the elderly.  

 Prophylactic cholecystectomy is not indicated in most 
patients with asymptomatic gallstones. Possible exceptions 
include ethnic groups with high risk for gallbladder 
 carcinoma, gallbladder polyp, porcelain gallbladder, and 
gallstones larger than 3 cm in diameter; here prophylactic 
cholecystectomy or incidental cholecystectomy may be 
offered at the time of another abdominal operation. 

 Choledocholithiasis is the presence of stones within the 
common bile duct and are present in 5–10% of the patients 

who require surgery for symptomatic cholelithiasis. 
Endoscopic Retrograde Cholangiopancreatography (ERCP) 
and sphincterotomy with removal of common bile duct 
stones followed by laparoscopic cholecystectomy is the 
 preferred treatment option. Laparoscopic common bile duct 
exploration during cholecystectomy is another option, 
 dependent on the expertise of the surgeon.  

   Appendicitis 

 The presentation of appendicitis differs in the old compared 
to the young. With the old, the history is frequently incom-
plete and confusing, and “classic” symptoms rarely occur 
making the diagnosis of acute appendicitis a challenge. The 
likely presentation is generalized abdominal pain, longer 
duration of symptoms, less impressive fever, and leukocyto-
sis  [  5  ] , with the incidence of perforation  fi ve times higher 
than in younger people. Even though only 5–10% of all 
appendicitis occurs in the geriatric age group, older adults 
account for the majority of deaths associated with appendi-
citis  [  10  ] . 

 Delayed and atypical presentations, delayed diagnosis 
and treatment while awaiting test results eventually lead to 
higher morbidity and mortality rates  [  11  ] . CT is the diagnos-
tic test of choice (Fig.  65.3 ) with an accuracy of 100% as 
compared to 81% for ultrasound.  

 Antibiotics as the primary treatment of nonperforated 
appendicitis are suggested in select patients, as reported in 
multiple studies. In a large meta-analysis, signi fi cant selec-
tion bias and crossover to surgery was found, concluding 
that antibiotics only are unlikely to supersede appendec-
tomy  [  12  ] ; at present, appendectomy is still the gold stan-
dard therapy for acute appendicitis. It is possible that the 

  Fig. 65.2    Acute cholecystitis. CT abdomen demonstrating an in fl amed 
gallbladder       

  Fig. 65.3    Acute appendicitis. CT abdomen and pelvis demonstrates a 
dilated  fl uid  fi lled appendix with enhancing wall and adjacent fat 
stranding       
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diagnosis of signi fi cant pathology such as carcinoid or car-
cinoma may be delayed if appendectomy is not performed.  

   Peptic Ulcer Disease 

 PUD accounts for 16% of the older patients with abdominal 
pain  [  13  ] . Although the frequency of need for surgical ther-
apy has declined, the indications have remained the same, 
and include nonhealing ulcers, uncontrolled bleeding by 
endoscopy, perforation, and obstruction. Recent reports indi-
cate an increased risk in peptic ulcer perforation in the old, 
especially in woman  [  14  ] . If an ulcer fails to heal after 12 
weeks of appropriate medical therapy, it is termed “intracta-
ble” with cancer a consideration. 

 Bleeding ulcers have an overall mortality of approximately 
10%. Endoscopic evaluation and treatment is the initial strat-
egy of choice. If unsuccessful, distal gastrectomy including 
the ulcer is ideal for bleeding gastric ulcers. For duodenal 
bleeding ulcers or gastric ulcers in the unstable patient, biopsy 
and oversewing of the ulcer may be performed. 

 For perforated ulcer, surgery is almost always indicated, 
but at times the perforation seals without operation; this 
approach is associated with prohibitive morbidity and mor-
tality. For a perforated gastric ulcer, which may be malig-
nant, the preferred approach is partial gastrectomy. If the 
patient is unstable or high risk for surgery, patch closure may 
be performed with a biopsy to rule out malignancy. 

 Surgery in PUD is currently infrequent in an era of 
 Helicobacter pylori . For perforated duodenal ulcers while 
de fi nitive ulcer surgery with an acid-reducing procedure is 
desirable, simple patch closure only has become the pre-
ferred option in presence of effective medical treatment with 
proton-pump inhibitors and therapy for  H. pylori   [  15  ] . 
NSAID-related perforation can be treated with simple clo-
sure if the medication can be discontinued postoperatively. 

 Complications and mortality with peptic ulcer are higher in 
the geriatric age group and relate to atypical presentations, 
delayed diagnosis, and comorbidity. In a study of 269 patients 
operated for perforated peptic ulcer, multivariate analysis sug-
gested that only age, delayed surgery, ASA score, presence of 
shock, and de fi nitive operation were independent predictors of 
mortality. Patients older than 65 had a 37.7% mortality com-
pared to 1.4% in younger patients. A delay of over 24 h after 
onset of symptoms increased mortality 6.5-fold and complica-
tions 3.4-fold. The main modi fi able factor that could improve 
prognosis in perforated peptic ulcer is delay in diagnosis  [  14  ] .  

   Diverticulitis 

 Diverticulitis, the most common complication of diverticular 
disease, occurs in the sigmoid colon in over 90% of patients. 

The spectrum of disease ranges from mild uncomplicated 
diverticulitis to free perforation and diffuse peritonitis that 
requires emergency laparotomy. 

 Complicated diverticulitis includes abscess, obstruction, 
diffuse peritonitis, or  fi stulas between the colon and adjacent 
structures. Most patients require surgery in addition to bowel 
rest, intravenous broad-spectrum antibiotics, and  fl uids. 
Small abscesses (less than 3 cm diameter) can be treated just 
with parenteral antibiotics. Larger abscesses are best treated 
with CT-guided percutaneous drainage. The majority with 
complications will ultimately require resection of the dis-
eased segment of colon with end colostomy (Hartmann’s 
procedure), but percutaneous drainage may allow a one-stage 
elective procedure and may obviate the need for colostomy if 
full recovery follows the drainage  [  3  ] . 

 The indications for surgery in recurrent diverticulitis are 
controversial, with trends favoring nonoperative therapy and 
individualizing surgery to patients. The number of attacks of 
uncomplicated diverticulitis is not necessarily an overriding 
factor in de fi ning appropriateness of surgery. CT-graded 
severity of a  fi rst attack, or subsequent attacks, is a better 
predictor of adverse natural history and helps determine need 
for surgery  [  16  ] . Immunosuppressed patients may require 
surgery after the  fi rst episode of diverticulitis. Colon carci-
noma may be identical in presentation to complicated or 
uncomplicated diverticulitis; all patients must be evaluated 
for malignancy after resolution of symptoms, with colonos-
copy 4–6 weeks postrecovery  [  3  ] .  

   Intestinal Obstruction 

 Intestinal obstruction of the bowel lumen may be total or 
partial, resulting in failure of the intestinal contents to pass 
distally beyond the obstruction. The cause of bowel obstruc-
tion may be within its lumen (e.g., foreign bodies or gall-
stones), in the wall of the bowel (e.g., tumors or strictures), 
or outside the bowel (e.g., adhesions, hernias, or carcinoma-
tosis). Adhesions cause about two-thirds of the episodes of 
small bowel obstruction, followed by hernia (about 20%) 
and tumors  [  5  ] . Adhesions are the result of prior abdominal 
surgery and usually do not cause obstruction of the colon due 
to its large lumen. Malignancy is the most common cause of 
large bowel obstruction in the elderly. 

 The clinical presentation is pain, vomiting, constipation, 
and abdominal distention. Pain is colicky in nature, usually 
in the mid-abdominal region. Vomiting occurs early in proxi-
mal small bowel obstruction, but is late and feculent in distal 
small bowel and colonic obstruction. Similarly, distention is 
pronounced if the lesion is located more distally. 

 Bowel ischemia and gangrene can complicate any type of 
intestinal obstruction warranting prompt intervention. 
Unrelenting abdominal pain disproportionate to the degree 
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of abdominal  fi ndings suggests intestinal ischemia and is an 
indication for surgical intervention. Tachycardia, fever, 
marked leukocytosis, acidosis, and localized abdominal ten-
derness are signs of possible strangulation requiring early 
surgical intervention  [  4  ] . 

 A plain radiograph of the abdomen shows characteristic 
 fi ndings con fi rming the diagnosis in less than half of the 
patients. The  fi nding most speci fi c for small bowel obstruc-
tion is the triad of dilated small bowel loops (>3 cm in diam-
eter), air  fl uid levels, and paucity of air in the colon (Fig.  65.4 ). 
CT scan with contrast is the preferred diagnostic test, with a 
sensitivity of 80–90% and speci fi city of 70–90%. It outlines 
the obstructing site of the bowel, type of obstruction (e.g., 
closed loop or strangulation), as well as the etiology (e.g., 
sigmoid or cecal volvulus, intussusception or tumor). The 
 fi ndings of small bowel obstruction include a discrete transi-
tion zone with dilatation of bowel proximally, collapsed loop 
distally, nonpassage of contrast beyond the transition zone, 
and a colon containing little gas or  fl uid (Fig.  65.5 ). 
Thickening of the bowel wall, pneumatosis intestinalis, por-
tal venous gas, mesenteric haziness, and ascitic  fl uid suggest 
strangulation  [  17  ] . In prospective studies, the water-soluble 
contrast, gastrogra fi n, used during CT was of diagnostic and 
therapeutic value. The appearance of contrast in the colon 
4–24 h after administration predicted resolution of the adhe-
sive small bowel obstruction with a sensitivity and speci fi city 

of 96 and 98%, respectively. Furthermore, patients assigned 
to water-soluble contrast agent had a signi fi cant reduction in 
the need for surgical intervention and had a signi fi cant shorter 
hospital stay by almost 2 days  [  18  ] .   

 Management of bowel obstruction may be entirely non-
surgical, particularly when adhesions are the basis. 
Treatment includes intravenous  fl uids, replacement of elec-
trolytes, and nasogastric tube decompression of stomach. 
A Foley catheter monitors urine output. Failure to resolve 
the obstruction on this regimen in 24–48 h or development 
of signs of ischemia is indication for surgery  [  3  ] . The 
threshold for operation in older adults should be low with 
early rather than late intervention. Mortality for patients 
with gangrenous strangulated obstruction is substantially 
higher than for nonstrangulated small bowel obstruction 
(4.5–31% vs. approximately 1%)  [  19  ] .  

   Early Postoperative Obstruction 

 Obstruction in the early postoperative period (within 30 days 
of initial surgery) is seen in approximately 1% of the patients 
after laparotomy  [  20  ] . It is highest after pelvic surgery, espe-
cially colorectal procedures. Most patients present with 
symptoms of bowel obstruction after an initial period of 
return of bowel function. In some patients, bowel function 
fails to return within 3–5 days of surgery; this represents 
paralytic or adynamic ileus and needs to be distinguished 
from bowel obstruction. CT scan is diagnostic. 

 Management is conservative, as the obstruction is rarely 
associated with strangulation and resolves in 90% of patients. 
In contrast, early postoperative obstruction after laparoscopic 
surgery usually needs early surgical intervention.  

  Fig. 65.4    Small bowel obstruction. Upright abdominal X’ray demon-
strates air-fl uid levels, dilated small bowel loops, and paucity of gas in 
the colon       

  Fig. 65.5    Small bowel obstruction. CT abdomen    demonstrates dilated 
small bowel loops with air- fl uid levels, collapsed distal small bowel, 
and collapsed colon       
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   Volvulus 

 Volvulus or twisting of the bowel is more likely to occur when 
the bowel is redundant and attached to the posterior abdominal 
wall with a short-based mesentery. The twist of loop at its base 
occludes blood supply to the bowel with resultant early isch-
emia. Volvulus can occur in the small intestine but in older 
adults, the colon is the most common site  [  21  ] . It involves the 
sigmoid colon in up to 90% of cases and the cecum in 20–50% 
of patients. The prevalence of sigmoid volvulus varies geo-
graphically; it is the leading cause (as high as 50%) of acute 
colonic obstruction in South America, Africa, Eastern Europe, 
and Asia, but is rare (less than 5%) in developed countries 
such as USA, UK, Japan, and Australia  [  22  ] . The typical 
patient is institutionalized and debilitated elderly with neuro-
logic or psychiatric illness. Abdominal pain, nausea, abdomi-
nal distention, and constipation are the presenting symptoms, 
while vomiting is infrequent. Plain X-ray of the abdomen 
(Fig.  65.6 ) reveals the characteristic “bent inner tube or coffee 
bean” appearance in 65% of the cases  [  23  ] . CT or gastrogra fi n 
enema shows the pathognomonic “birds beak” narrowing at 
the site of the volvulus (Fig.  65.7 ).   

 Most patients, up to 90%, present prior to development of 
gangrene  [  24  ] . The initial management is resuscitation fol-
lowed by endoscopic detorsion using a  fl exible or rigid sig-
moidoscope maneuver that is successful in 95% of the cases. 
A sudden expulsion of gas indicates successful reduction of 
the volvulus. A rectal tube is left in place to maintain decom-
pression. The risk of recurrence is as high as 50%; therefore, 
elective sigmoid resection with primary anastomosis should 
be performed after stabilization and bowel preparation, 
except in those with a prohibitive surgical risk. 

 Clinical signs of gangrene or perforation (sepsis, fever, 
peritonitis) require immediate surgical exploration; sigmoi-
doscopy should not be performed. Similarly, the presence of 
gangrenous mucosa on sigmoidoscopy is an indication for 
surgery. For gangrenous bowel, resection of sigmoid colon 
with end colostomy (Hartmann’s procedure) is the safest 
approach. Mortality of sigmoid volvulus is primarily related 
to presence of gangrene, being as high as 60% in those with 
gangrene vs. less than 10% without gangrene.  

   Cecal Volvulus 

 Cecal volvulus results from incomplete  fi xation of the cecum 
to the parietal peritoneum. While most patients have full 
axial rotation involving the ilio-colic vessels, approximately 
10% of the patients will have the cecum and ascending colon 
fold in an anterior cephalic direction (cecal bascule). CT is 
the preferred diagnostic test. Endoscopic reduction is usu-
ally not successful and risks colonic perforation  [  25  ] . As 
gangrene sets in early, immediate exploration with right 
hemicolectomy and primary ileo-colic anastomosis is the 
procedure of choice.   

   Hernia 

 A hernia occurs when the contents of a body cavity bulge 
out of the area where they are normally contained. These 
contents, usually portions of intestine or abdominal fatty tis-
sue, are enclosed in the thin membrane that naturally lines 
the inside of the cavity. Most hernias are asymptomatic, but 
for a swelling; however nearly all carry a risk of becoming 

  Fig. 65.6       Sigmoid volvulus. CT topogram outlines dilated sigmoid 
colon with “coffee bean” appearance       

  Fig. 65.7    Sigmoid volvulus: CT abdomen and pelvis demonstrates 
“birds beak” narrowing at the site of the volvulus with proximally 
dilated colon       
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irreducible (incarceration) or having their blood supply cut 
off (strangulation) leading to gangrene of the trapped tissues 
resulting in a surgical emergency. 

 Of all hernias, 70% are inguinal, 10% ventral, 6% femo-
ral, 3% umbilical, and 1% esophageal hiatal, and about 10% 
of abdominal operations result in incisional hernias. Although 
85% of all inguinal hernias occur in men, 84% of femoral 
hernias occur in females  [  26  ] . Obturator hernia, also known 
as “little old lady’s hernia,” is a rare hernia seen in thin older 
woman. They can present as pain or paresthesia radiating 
from the groin or hip to the medial aspect of the thigh due to 
compression of the obturator nerve (Howship–Romberg 
sign). In older males, it may be worth verifying the presence 
of conditions that cause straining such as benign prostatic 
hyperplasia. 

 Inguinal herniorrhaphy    with mesh placement under local 
anesthesia is a safe procedure with a high success rate in the 
elderly. In a study of over 2,000 herniorrhaphies   , older 
patients with signi fi cant comorbidities did not have higher 
incidence of complications compared to the young (7% vs. 
6%) nor recurrences (3% vs. 2%)  [  27  ] . Elective repair of 
inguinal hernia is advisable soon after the diagnosis is made 
as mortality risks are far higher for emergency repair. 
Mortality increases 7-fold after emergency surgery and 
20-fold if bowel resection is undertaken, in contrast to nearly 
0% for elective repair  [  28  ] . 

  Key Points 

    Geriatric patients with abdominal pain account for 3–4% • 
of all emergency department visits, with 50% requiring 
hospital admission, and 20–30% needing immediate sur-
gery with an associated mortality as high as 34%.  
  Symptoms and physical  fi ndings are unreliable in the • 
elderly; delayed presentation, assessment, diagnosis, con-
sultation, and surgical intervention account for adverse 
outcomes.  
  Upright chest X-ray and CT scans of the abdomen are the • 
diagnostic tests of choice.  
  Early diagnosis, aggressive resuscitation, and timely sur-• 
gical intervention, individualized to the patient, help 
improve survival.          
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         Introduction 

 Fecal diversion is among the most revolutionary and progressive 
accomplishments of modern surgery. The word  stoma  is 
derived from ancient Greece to describe an “opening.” The 
earliest stomas were not created by surgeons but by pure 
forces of “Mother Nature,” usually from a spontaneous 
enterocutaneous  fi stula resulting from distal obstruction or 
following penetrating abdominal trauma. 

 The  fi rst colostomy was performed in 1776 and the  fi rst 
ileostomy over 100 years later in 1879  [  1  ] . These initial proxi-
mal stomas carried high morbidity associated with skin com-
plications. With introduction of “Brooke ileostomy” in 1952, 
by everting the ileal mucosa, local skin complications were 
dramatically reduced  [  1  ] . The  fi rst disposable ostomy bag was 
created by a nurse for her sister with colon cancer in 1955. 

 Currently fecal diversion is performed as a temporary or 
permanent measure to manage several conditions. Based on 
anatomical location, ostomies may be ileostomies or colosto-
mies; the surgical design classi fi es them as loop or end.  

   Ostomy Classi fi cation 

   Colostomies 

 A colostomy is created to provide fecal diversion or to resect 
the distal colon or rectum. If the recto-anal sphincter mecha-
nism is intact there is potential to revert the colostomy. 

 Decompressive colostomy: There are clinical instances 
where a temporary colostomy is created to decompress an 
obstructed distal colon  [  2  ] ; this is usually a transverse loop 
colostomy or cecostomy. The advantage of a decompressive 

colostomy is that it can be created quickly with low morbidity 
or surgical risk and allows for evaluation and de fi nitive 
treatment on an elective basis. 

 Diverting colostomy: Created with the intent to allow 
healing of a  fi stulous tract, minimize fecal contamination of 
an injured segment of colon or to protect distal anastomosis 
when delayed healing is anticipated. However, routine 
diversion is no longer recommended  [  3,   4  ] . 

 Loop colostomy: There are several techniques to con-
struct a loop colostomy. Most frequently a loop of transverse 
colon is brought to the anterior abdominal wall in the right 
upper quadrant and a plastic rod is placed to support the 
colostomy and prevent this loop of colon from retracting 
back into the abdomen. The colon is then opened at the apex 
and the edges of the opening are sutured to skin (Fig.  66.1 ). 
Loop colostomies tend to be bulky, hard to conceal, more 
likely to prolapse and dif fi cult to deal with by patients.  

 End colostomy: The proximal colon is brought up as an 
end colostomy paired with the distal segment, which is also 
brought to the anterior abdominal wall as a mucous  fi stula. 

 The Hartman’s procedure popularized for obstructive 
sigmoid tumors, involves resection of the diseased segment 
and closure of distal colon which is left intraabdominally and 
creation of an end colostomy using the proximal segment. 
The procedure is also used to treat complicated diverticulitis. 
The end colostomy is temporary or permanent as part of the 
abdominoperineal resection for low rectal and anal tumors. 
Usually end colostomies are created on the left side of the 
abdomen (Fig.  66.2 ).   

   Ileostomies 

 Ileostomies are performed when the colon and rectum are 
bypassed or removed. If the anal sphincter complex is 
removed, as in a total proctocolectomy, the ileostomy is per-
manent. A permanent ileostomy is usually an end ileostomy 
called Brook ileostomy. The Brooke ileostomy is performed 
by everting the ileal end to create a protruding nipple that 
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prevents development of skin erosions and is easier to manage. 
Ileostomies are also created to protect a distal anastomosis 
and manage conditions like complicated ulcerative colitis 
and  C. dif fi cile  colitis  [  5  ] . Ileostomies are usually created on 
the right side of the anterior abdominal wall. The liquid 
ileostomy output of 500–1,000 mL/day is rich in electrolyte 
output; appropriate pouching and adequate appliance  fi t to 
maintain peristomal skin integrity,  fl uid, and electrolyte 
balance is needed.   

   Lifestyle Considerations 

 Patients in all walks of life are able to continue a full “nor-
mal” life and enjoy good health despite the stoma. It is nec-
essary to reassure and provide useful and pertinent 
information about lifestyle modi fi cations necessary to accept 
and enjoy life after fecal diversion. 

  Psychological adaptation : This term refers to the process 
requiring patients to adapt to new fecal elimination patterns 
and accept the new body image. It usually consists of four 
phases. The average person naturally revolts at the thought of 
wearing a colostomy bag. This initial phase of shock or panic 
may last days or weeks. The second phase of defense, retreat, 

and denial lasts weeks to months. It is only after several 
months that the patient  fi nally acknowledges the need for an 
ostomy, constituting the third phase. The  fi nal phase called 
adaptation and resolution can take several years; here the 
patient is able to master and get familiarized with the new 
and necessary skills to continue a normal and productive life 
with the stoma  [  6  ] . 

 Many interventions promote an easy psychological 
adaptation; these include:

   Listen and ally patient’s fears and misconceptions by • 
encouraging dialogue with other patients with stomas and 
involve the ostomy nurse specialist preoperatively.  
  Preoperative stoma site selection by a surgeon or by a • 
stoma nurse at a location easily accessible and in the 
patient’s visual  fi eld, away from skin creases and scars 
and bony prominences that can make pouching diffi cult.  
  The stoma should be brought up through the  • rectus 
abdominis  muscle situated below the belt line and at the 
apex of the infraumbilical abdominal bulge  [  7  ].   
  A strong focus on individual education tailored to the • 
unique circumstances af fl icting the patient.    

  Fig. 66.1    Transverse colon loop colostomy       

  Fig. 66.2    Descending colon end colostomy       
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  Disposable adherent stoma appliances : The selection of 
an appropriate appliance system or pouch for containment 
of stool and gas is important and provides an effective barrier 
to protect the skin. One- and two-piece systems are available. 
The one-piece system consist of an adhesive barrier ring 
attached to an odor proof pouch, while the two-piece system 
include a barrier ring with a  fl ange or adhesive landing zone 
to which the patient attaches a separate odor proof pouch 
(Fig.  66.3 ). The pouches can be open or close ended. The 
open ended enables the bottom of the pouch to be opened to 
drain contents, usually used for ileostomies, with large liquid 
output. The closed ended pouch is removed and disposed 
when it is full and is usually recommended for descending 
colon or sigmoid colostomies which have more  fi rm stool 
consistency. The one-piece system provides simplicity and 
 fl exibility, paramount for the patient whose stoma is located 
in a deep crease. The two-piece system has the bene fi t of 
allowing patients to change the pouch without having to 
remove the  fl ange, but occasionally leakage occurs between 
the bag and the  fl ange  [  8,   9  ] .  

 Several strategies promote pouch adherence and minimize 
stool leakage including:

   Selection of a system well suited to patient’s abdominal • 
contours.  
  Instructing the patient on cutting the appropriate size opening • 
on the  fl ange so as to cover the area of exposed skin. This 
should be slightly bigger than the stoma by 2–3 mm.  
  Recommend emptying the pouch when one-third or half • 
full to prevent breakdown of the seal caused by excessive 
weight.  
  Teaching the patient to change the appliance or pouch once • 
or twice a week to prevent potential leakage. The appliance 
should be removed gently and the skin is cleansed thor-
oughly and made dry before application of a new system.  
  Patients are educated to recognize signs of leakage (itching • 
or burning of the peristomal skin) and use of various 
stoma accessories  [  8  ] .    

 Products available to improve pouching and prevent damage 
to the peristomal skin include: skin “sealants” (e.g., Skin Prep), 
skin paste, adhesive agents, and skin barrier powder  [  8  ] . Skin 
 fi lms are helpful for dry sensitive or excessively oily skin, 
while powder-based pastes, strips, or rings protect the skin 
from damage caused by digestive enzymes in the output. 

  Dietary modi fi cation : Patients with stomas can eat a regular 
diet. Odor, excessive gas, and stool consistency are common 
concerns. Several dietary changes can decrease gas production 
and result in  fi rmer consistency of output. The  fi rst is to avoid 
common foods that contain poorly digested carbohydrates 
that lead to excessive gas production by the intestinal bacte-
ria; e.g., beans, cabbage, cauli fl ower, Brussels sprouts, 
broccoli, and asparagus. Carbohydrates that promote gas 
formation include starch and soluble  fi ber contained in pota-
toes, corn, noodles, and wheat. On the hand, rice, fresh pars-
ley, yogurt, and buttermilk do not produce gas and their 
consumption is encouraged. Similarly large quantities of 
fruit, vegetables, cereals, beer, and some wines may cause 
diarrhea. The patient should become knowledgeable of foods 
that can cause diarrhea and minimize their use. Lack of  fi ber 
consumption can result in constipation and fecal impaction; 
it is important to consume reasonable amount of fruits and 
vegetables  [  8,   9  ] . The concept of “lag time” term refers to the 
amount of time from the ingestion of gas producing foods 
and the actual  fl atulence. This period can vary from 2 to 4 h 
for patients with ileostomies and 6–8 h with colostomies. 
The colostomy activity can be regulated to one or two times 
and made predictable, while this state is never reached in 
some resulting in a continuously active stoma that is hard 
to predict and manage. Other modi fi cations especially for 
ileostomies is to avoid sipping through a straw, and minimize 
chewing gum, smoking, and chewing with an open mouth as 
these activities increase gas production. For those with large 
volumes of gas, pouching systems with  fi lters can vent and 
deodorize  fl atus  [  10  ] . 

  Effect of drugs : Simethicone containing products can decrease 
gas production. For loose or frequent bowel movements methyl-

  Fig. 66.3    Descending end colostomy with a two-piece appliance       
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cellulose preparation or kaolin powder can be effective. In 
severe intractable cases. preparations containing diphenoxy-
late or codeine phosphate are helpful. For constipation, stool 
softeners, senna, lactulose, or sorbitol can help. 

  Daily activities : Most daily activities are not affected by the 
stoma. Bathing and showering can be performed with or 
without the pouch. Other activities like dancing, exercise, 
and sports like golf, baseball, tennis, and even swimming can 
be resumed without any particular concern with the exception 
of contact sports that can potentially traumatize the stoma or 
the peristomal skin. Generally clothing modi fi cation is 
unnecessary but the addition of an abdominal belt or binder 
can provide a more natural appearance and improve stoma 
concealment  [  11  ] . 

  Sexual activity : The presence of a stoma does not impair sexual 
function, however low rectal resections can disrupt pelvic 
nerves responsible for the sexual function. Men can experience 
erectile dysfunction and or retrograde ejaculation. Women can 
experience vaginal dryness leading to dyspareunia. Patients are 
recommended to empty the pouch and assure an intact pouch 
seal before engaging in sexual activity  [  12,   13  ] . 

  Traveling : Patients who travel are advised to carry supplies in 
a carry-on bag instead of checked in luggage. They should 
avoid extreme temperatures and perspiration that can affect 
adherence of skin appliances and take precautions to prevent 
enteral infections and diarrhea. While driving, supplies are 
kept in the coolest part of the vehicle  [  13  ] .  

   Complications 

 Complications occur early in the postoperative period or 
years later  [  7  ] . These may be anatomical (i.e., retraction, 
parastomal hernia, prolapse, peristomal skin conditions, and 
necrosis); functional (i.e., odor, poor dexterity, visualization, 
clothing, and dietary) and psychological (depression, anxiety, 
sexual concerns, and failure to return to work)  [  14  ] . Overall 
management becomes more dif fi cult with increasing age and 
decreased manual dexterity. Fortunately most complications 
are preventable by proper stoma site selection and adequate 
instructions and education (Tables  66.1  and  66.2 ).   

 Peristomal skin problems are the most frequent compli-
cations as a result of direct trauma, chemical dermatitis from 
stoma output or allergic reaction to the pouching system 
 [  15,   16  ] . Skin abrasion from repeated trauma usually pres-
ents as patchy areas of irritated denuded skin around the 
stoma and typically results from frequent appliance changes 
or too aggressive cleansing. Patients should be educated on 
appropriate use of skin sealants and gentle cleaning tech-
niques. Hair surrounding the stoma is best clipped to pre-
vent follicle trauma and potential nidus for infection. 
Allergic dermatitis can present as pruritus, erythema, and 

blistering and usually involves the skin in direct contact 
with the causative agent giving a distinct pattern. Treatment 
involves eliminating triggering factors and occasional use 
of topical steroids. Chemical dermatitis from stoma ef fl uent 
presents as areas of skin damage in the inferior or dependent 
portion of the stoma. This complication is more frequent 
with ileostomies or stomas with poor pouching or retraction. 
For the affected areas, skin barrier powder or  fi lms are rec-
ommended  [  16  ] . 

 Parastomal hernia is a common complication of colosto-
mies. Factors predisposing to parastomal hernia formation 
include obesity, poor abdominal wall tone, and placement of 
the stoma outside the rectus muscle or through an excessively 
large fascial opening. Most hernias are asymptomatic and rarely 
progress to incarceration. They can be managed effectively with 

   Table 66.1    Management of functional stomal complications   

 Odor  Dietary modi fi cation, lower consumption of 
complex carbohydrates, asparagus, eggs, garlic, 
 fi sh, onions, and alcoholic beverages 
 Pharmacological agents: bismuth subgallate, 
chlorophyllin copper complex 

 Excessive gas  Dietary modi fi cation: minimize use of beans, 
cabbage, cauli fl ower, potatoes, corn, noodles, and 
wheat 
 Increase intake of rice, fresh parsley, yogurt, and 
buttermilk 
 Pharmacological agents: simethicone 
 Pouches with  fi lters 

 Increase stool 
output (diarrhea) 

 Dietary modi fi cation: decrease fruits, beans, spicy 
foods, prunes, milk, caffeinated beverages, and beer 
 Increase intake of applesauce, banana, rice, and 
yogurt 
 Pharmacological agents: methylcellulose, kaolin, 
diphenoxylate, and codeine 

 Constipation  Increase  fi ber intake, green beans, spinach, 
vegetables, and prunes 
 Increase  fl uid intake: eight 8-oz glasses of  fl uids 
per day 
 Pharmacological agents:  fi ber, stool softeners, 
laxatives 

   Table 66.2    Management of anatomical stomal complications   

 Complication  Management 

 Peristomal skin problems 
 Abrasion  Gentle appliance removal/use of 

adhesive removers 
 Chemical dermatitis  Use of barrier creams,  fi lms, sprays, 

or wipes 
 Allergic dermatitis  Protective powder paste, topical 

steroids 
 Retraction  Convex appliance 
 Leakage or poor pouching  Proper stomal placement,  fi ller paste/

seal or skin  fi lms 
 Stenosis  Dietary modi fi cations, increase  fi ber 

and water intake, digital dilation or 
surgical revision 

 Parastomal hernia  Abdominal binder and possible 
surgical revision 
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an abdominal stoma hernia support belt  [  7  ] . Surgical inter-
vention is indicated for pain, obstruction, acute incarceration 
and when the hernia results in poor pouching  [  17  ] . 

 Retraction occurs from tension due to inadequate mobili-
zation and is more often seen in obese patients. The major 
problem is achieving an adequate seal resulting in leakage 
and skin breakdown. Management consists of using a convex 
pouching system or surgical correction  [  7  ] . 

 Stomal stenosis refers to narrowing occurring as a conse-
quence of ischemia, infection or inadequate opening in the 
skin or fascia. Mild stenosis is usually asymptomatic; severe 
stenosis can present clinically as crampy abdominal pain 
followed by explosive output. Mild stenosis is managed by 
gentle dilatation of the stoma, but severe cases require surgical 
revision (Fig.  66.4 )  [  7,   14  ]    .  

 Stomal prolapse occurs as a result of too large a fascial open-
ing, elevated intraabdominal pressure, or poor  fi xation to the 
anterior abdominal wall. It is more common in transverse loop 
colostomy and ileostomy than descending end colostomy. Prolapse 
poses a management problem but is only signi fi cant if it impairs 
function or leads to bowel ischemia. Management usually 
involves pouching modi fi cation and application of an abdominal 
belt or binder; surgical intervention is warranted if the prolapse is 
severe enough to produce ischemic changes in the bowel  [  7  ] . 

 Minor bleeding usually occurs after excessively vigorous 
stomal cleaning. Major bleeding from the stoma is rare and results 
from a stoma ulcer secondary to poorly  fi tting appliances or 

stomal varices from portal hypertension. Initial treatment 
involves direct pressure, cautery, or suturing  [  18  ] . 

 Peristomal varices occur with ileostomy after colectomy 
for ulcerative colitis, in those with primary sclerosing cho-
langitis with cirrhosis and portal hypertension. Management 
includes direct pressure, epinephrine compresses, and 
sclerotherapy; although recurrence is frequent. Transjugular 
intrahepatic portosystemic shunt (TIPS) and surgical 
portocaval shunt are recommended for selected candi-
dates  [  18  ] . 

 Diversion colitis is an iatrogenic nutritional complication 
of fecal diversion that manifests in the diverted colon within 
weeks and resolves after continuity is reestablished. Lack of 
short chain fatty acids have been proposed as a causative 
factor, administration of short chain fatty acid enemas is 
bene fi cial. 

 Although the majority of patients can manage colosto-
mies and ileostomies, the frail and cognitively impaired 
elderly will need help from the caregiver to manage their 
ostomies. This will add to the caregiver burden. 

  Key Points 

    Fecal diversion might be a temporary or permanent • 
measure.  
  Based on anatomic location ostomies are ileostomy or • 
colostomy; based on surgical construction, they are loop 
or end.  
  Patients with a stoma must adapt to lifestyle changes • 
relating to fecal diversion. Adequate support and education 
are necessary to ensure successful adaptation, prevention, 
and treatment of complications.  
  Stoma related complications can occur in the early post-• 
operative period or years later and include peristomal skin 
breakdown, stenosis, retraction, parastomal hernia, stomal 
prolapse, bleeding, and diversion colitis.  
  Most complications are preventable by preoperative stoma • 
site marking, appropriate surgical technique, selection of 
an appropriate pouching system, dietary modi fi cations 
and use of various stoma accessories.          
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         Introduction 

 The gastrointestinal (GI) manifestations of systemic diseases 
are important for several reasons. For one, the prevalence of 
certain systemic diseases is increasing, such as diabetes mel-
litus (DM) with the obesity epidemic and chronic kidney dis-
ease (CKD) with increased longevity. Changes in the function 
of GI organs can affect treatment of systemic diseases, such 
as glycemic control in a patient with DM and gastroparesis 
or treatment of diabetic ketoacidosis (DKA) in the presence 
of pancreatitis. GI procedures may be affected by systemic 
diseases such as the risk of certain enemas in end-stage renal 
disease (ESRD) and the possibility of perforation during 
colonoscopy in the presence of vasculitis. Finally, GI dis-
eases may affect morbidity and mortality, such as aspiration 
in scleroderma or mesenteric ischemia in ESRD.  

   Diabetes Mellitus 

 Type 1 DM is caused by autoimmune-mediated destruction 
of the  b -cells in the pancreatic islets early in life with loss of 
insulin (Table  67.1 ). Type 2 DM is a multifactorial disorder 
commonly affecting older individuals. With increasing life 
expectancy, DM is common in the aged; with longstanding 
history of diabetes, complications of the disease occur. The 
prevalence of celiac disease in type 1 DM ranges from 1 to 
7%  [  1  ] . Some favor screening diabetics for celiac disease as 
a gluten-free diet would prevent complications such as 
osteopenia and growth retardation  [  2  ] . Others screen only 
those with symptoms as the asymptomatic patient tends not 
to adhere to dietary restrictions for both diseases. Parietal 

cell antibodies are found in 15–21% of type 1 diabetics  [  3  ] . 
Antibody inhibition of the H + /K +  ATPase pump results in 
hypo- or achlorhydria with atrophic gastritis from autoim-
mune mucosal damage, hypergastrinemia from lack of acid 
inhibition of gastrin production, and iron-de fi ciency anemia 
from lack of hydrochloric acid, a requirement for optimal 
iron absorption.  

 Diabetics may have abnormal esophageal motility, includ-
ing multipeaked or spontaneous contractions, failed peristal-
sis, and decreased lower esophageal sphincter (LES) pressure 
 [  4  ] . Pyrosis, a burning chest sensation, is common with obe-
sity, decreased motility, and hyperglycemia. 

 Cross-sectional studies suggest that gastric emptying of 
solids and liquids is slower in 30–50% of diabetics  [  5  ]  
although rapid emptying may occur early in the disease. 
Gastric emptying studies correlate poorly with symptoms of 
abdominal fullness and bloating. Poor glycemic control 
delays gastric emptying, which in turn, hinders glycemic 
control. 

 A low-fat, low-residue diet with small, frequent meals is 
advocated. Prokinetic drugs include metoclopramide, eryth-
romycin, and domperidone. New modalities include gastric 
electrical stimulation and botulinum toxin injection of the 
pylorus. 

 Diarrhea tends to occur with long-standing, poorly con-
trolled diabetes and must be differentiated from fecal incon-
tinence, also frequent in diabetics. Alternatively, constipation 
tends to be a major problem in diabetics with impaired myo-
electric response of the colon  [  6  ] . Gallstones do not correlate 
with the presence of diabetes, but rather with increasing age 
and BMI  [  7  ] . 

 Patients with chronic pancreatitis acquire the same com-
plications as other diabetics, indicating that strict glycemic 
control is always a goal. However, strict control may be 
dif fi cult to achieve in the elderly, with their comorbid prob-
lems including cognitive impairment, visual and musculosk-
eletal disorders. DKA, due to an extreme de fi ciency of insulin 
with elevated glucagon levels, can be complicated by acute 
pancreatitis in 11% of cases  [  8  ] . The identi fi cation of acute 
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pancreatitis may make management in the geriatric age group 
complex. Volume depletion and hyperglycemia may be exac-
erbated; feeding may require to be delayed; complications of 
pancreatitis may occur; and Ranson’s criteria may overesti-
mate the severity of disease. 

 If diarrhea occurs in a diabetic, considerations include: 
(1) medications particularly metformin; (2) malabsorption 
due to celiac sprue whose prevalence is high in type 1 diabet-
ics; (3) osmotic diarrhea due to sorbitol used as an arti fi cial 
sweetener if ingested in large amounts in a diabetic trying to 
lose weight; (4) maldigestion due to pancreatic insuf fi ciency 
as a cause or consequence of diabetes; (5) rapid transit from 
hyperthyroidism which is increased in prevalence in type 1 
diabetes; (6) in fl ammatory bowel disease, increased in prev-
alence in type 1 DM  [  9  ] ; and (7) secretory diarrheas due to 
rare hormonal causes.  

   Amyloidosis 

 Amyloidosis is characterized by extracellular deposition of 
abnormal protein with six types: primary, secondary, hemo-
dialysis-related, hereditary, senile, and localized  [  10  ] . The 
nomenclature consists of the letter A (for amyloid) followed 
by a description of the precursor protein. Primary AL or light 
chain (L) amyloidosis is associated with monoclonal light 
chains in serum and/or urine. Secondary AA amyloidosis 
with the acute-phase reactant serum amyloid A protein (A) 
is associated with in fl ammatory, infectious, and neoplastic 

diseases. Senile amyloidosis mainly involves the heart but 
can be associated with amyloid in the subserosal veins of the 
large and small bowel. 

 A dilated, atonic esophagus with decreased peristalsis 
predisposes to aspiration. Gastric and duodenal diseases are 
usually asymptomatic. Amyloid deposition is greatest in the 
small intestine, involving the intima or adventitia of vessels 
causing luminal narrowing with ischemia or infarction. 
Alternatively, amyloid may deposit between muscle  fi bers, 
eventually replacing the muscle layers. Symptoms include 
diarrhea, steatorrhea, hemorrhage, or pain from mesenteric 
ischemia. The diarrhea may be due to a sprue-like condition 
from in fi ltration of the villous tips with amyloid. Alternatively, 
diarrhea could be the result of autonomic dysfunction from 
amyloid in fi ltrating the Auerbach’s and Meissner’s plexuses, 
inducing rapid transit. With delayed orocecal transit, diar-
rhea may result from bacterial overgrowth. Pseudoobstruction 
involving small bowel and/or colon carries a particularly 
grave prognosis, with poor response to promotility agents 
 [  11,   12  ] . 

 Hepatic involvement is common but clinical manifesta-
tions are usually mild with hepatomegaly and an elevated 
alkaline phosphatase being frequent  fi ndings. Stigmata of 
chronic liver disease and portal hypertension are rare. 
Amyloid deposits usually begin periportally in the space of 
Disse followed by atrophy of hepatocytes due to compres-
sion by amyloid  fi brils  [  13  ] . 

 Biopsy sites to diagnose amyloidosis include fat, kidney, 
intestine, or bone marrow. The risk of bleeding with liver 
biopsies is controversial  [  10  ] . Amyloid appears homoge-
neous and amorphous under light microscopy. With Congo 
red stain, it is red in normal light and apple-green in polar-
ized light. The routine method to determine the amyloid type 
is immunohistochemistry. 

 Amyloidosis must be a consideration in patients with pro-
teinuria, cardiomyopathy, hepatomegaly (with mildly abnor-
mal liver tests), peripheral and autonomic neuropathy, weight 
loss, and GI symptoms (Table  67.2 ).   

   Thyroid Disease 

 Thyroid disease affects most hollow organs  [  14  ] . Hashimoto’s 
disease, the most common cause of hypothyroidism, may be 
associated with an esophageal motility disorder presenting 
as dysphagia or heartburn with diminished LES pressure and 
reduced amplitude of contractions  [  15  ] . Dyspepsia, nausea, 
or vomiting result from delayed gastric emptying. Abdominal 
discomfort,  fl atulence, and bloating occur with bacterial 
overgrowth and improve with antibiotics  [  16  ] . Reduced acid 
production is due to autoimmune gastritis or low gastrin lev-
els  [  14  ] . Constipation results from diminished motility, leading 
to ileus, megacolon, or rarely, pseudoobstruction. Ascites in 

   Table 67.1    Gastrointestinal manifestations of diabetes and management   

 Manifestations 
   Pyrosis, early satiety, bloating, diarrhea, constipation, fecal 

incontinence 
 Diagnostic  fi ndings 
  General: elevated blood sugar and HbA1c 
  Esophagus: abnormal esophageal motility 
  Stomach: rapid or delayed gastric emptying 
   Small bowel: screen may reveal celiac sprue, thyroid disease, 

pancreatic insuf fi ciency 
  Liver: imaging may identify nonalcoholic fatty liver disease 
  Pancreatic function evaluation may help 
 Treatment 
  General: overall control of diabetes 
  Esophagus: acid-reducing therapy for heartburn 
   Stomach: consider prokinetic drugs, gastric electrical stimulation, 

botulinum toxin injection of pylorus for delayed gastric emptying 
(caution: side effects) 

   Small bowel motility: address underlying cause of diarrhea (e.g., 
medications, exclude celiac sprue, pancreatic insuf fi ciency, 
hyperthyroidism) 

  Colonic motility: consider bulking agents 
  Liver: weight control for NAFLD 
   Pancreatitis in diabetic ketoacidosis (DKA): volume repletion, 

delay feeding, address complications 
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hypothyroidism is of high protein content and occurs with or 
without heart failure (HF). 

 Graves’ disease accounts for 60–80% of thyrotoxicosis. 
Hyperthyroidism is accompanied by variable gastric empty-
ing times with low acid production perhaps due to an autoim-
mune gastritis with hypergastrinemia  [  17  ] . Transit time from 
mouth to cecum is accelerated, resulting in diarrhea. 
Steatorrhea is due to hyperphagia and to stimulation of the 
adrenergic system  [  18  ] . Rarely, the older adult presents with 
resolution of constipation, rather than diarrhea; hyperphagia 
is often absent. Hyperthyroidism is associated with abnormal 
liver function tests, especially in the presence of HF. Elevated 
alkaline phosphatase levels have been attributed to osteoblas-
tic activity and may increase temporarily with treatment. 

 MCT is a calcitonin-producing tumor of the C cells of the 
thyroid gland. It is associated with watery diarrhea, particu-
larly in those with extensive metastatic disease. Diarrhea 
may resolve with removal of the tumor and may be due to 
calcitonin, prostaglandins, 5-hydroxyindoleacetic acid, or to 
unde fi ned elements. 

 Liver disease affects thyroid function tests. Low 
3,5,3 ¢ - l -tri-iodothyronine (T3) syndrome, a low total T3 
with normal total  l -thyroxine (T4) in the absence of clinical 
hypothyroidism, is found in chronic liver disease due to 
impaired liver conversion of T4 to T3  [  19  ] . There is an 
inverse correlation between T3 concentration and severity of 
liver disease, suggesting that T3 may be a helpful prognostic 
indicator. 

 Patients with hepatitis C probably have a higher rate of 
thyroid autoimmune disorders than do either patients with 

hepatitis B or normal individuals  [  20  ] . Interferon-alpha 
(IFN- a ) used to treat hepatitis C induces the entire spectrum 
of autoimmune thyroid diseases from the presence of thyroid 
antibodies without clinical disease to overt hyper- and hypo-
thyroidism  [  21  ] . IFN- a  treatment should continue despite 
hypothyroidism, the most common complication, but its ces-
sation should be considered with Graves’ thyrotoxicosis or 
destructive thyroiditis. 

 Hepatotoxicity resulting from antithyroid drugs is rare 
and usually occurs in the  fi rst few months of treatment prob-
ably due to a hypersensitivity reaction  [  22  ] . Propylthiouracil 
induces a hepatocellular pattern, while carbimazole and 
methimazole cause a cholestatic picture.  

   Sarcoidosis 

 Sarcoidosis is a multisystem disease characterized by nonca-
seating granulomas in affected organs  [  23  ] . Over 90% of 
patients have lung involvement with restrictive disease  [  24  ] . 
Diagnosis is based on a compatible history, demonstration of 
granulomas in at least two organs, negative staining and cul-
ture for acid fast bacilli, and a lack of occupational or domes-
tic exposure to toxins. 

 Involvement of the GI tract is extremely rare. Dysphagia 
and weight loss have been attributed to dysmotility of the 
esophagus  [  24  ] . The stomach, particularly the antrum, is the 
most frequently affected hollow organ with epigastric pain 
the most prominent symptom; the small bowel is the least 
involved. Obstruction can occur at any site in the GI tract due 
to external compression by lymphadenopathy. While a vari-
ety of lesions may contain granulomas, it is unclear whether 
they are truly due to sarcoidosis or to another process with 
granulomas an incidental  fi nding  [  25  ] . 

 The liver follows the lymph nodes and lung in the frequency 
of involvement. Symptoms of liver disease, although uncom-
mon, are usually pruritus and abdominal pain. Up to 35% of 
patients have abnormal liver function tests unrelated to the 
degree of aggression and extent of disease. A signi fi cant frac-
tion (26% in one report)  [  26  ]  has liver without lung involvement. 
Alkaline phosphatase is more reliable than  g -glutamyl-trans-
peptidase in predicting liver involvement  [  24  ] . Hyperglobu-
linemia is common, while jaundice is rare. Hepatomegaly is 
seen in 21% of patients clinically and in over half the patients 
with abdominal CT scans. Histology includes noncaseating 
granulomas, chronic intrahepatic cholestasis, progressive dimi-
nution in the number of interlobular bile ducts, periportal 
 fi brosis, and eventually, biliary cirrhosis. Schaumann bodies, 
while diagnostic of sarcoid granulomas, are rarely seen. Portal 
hypertension from granulomas in the portal triad is rare and 
associated with preserved liver function. 

 Involvement of the spleen causes symptoms in 15% of 
patients and associated with hypersplenism in 20%, mostly 

   Table 67.2    Main characteristics and treatment of amyloidosis      

 Symptoms 
  Weakness, weight loss, joint pain, dyspnea, diarrhea 
 Physical  fi ndings 
   Purpura, macroglossia, joint swelling, congestive heart failure, 

hepatomegaly, orthostatic hypotension (from autonomic 
neuropathy) 

 Diagnostic  fi ndings 
   General: monoclonal light chains, proteinuria, Congo Red-positive 

biopsy 
  Esophagus: dilated and atonic, may resemble achalasia 
  Stomach: polyps, antral narrowing, thickened folds 
   Small bowel: mesenteric ischemia, pneumatosis intestinalis, 

obstruction, and pseudo-obstruction 
   Colon: polyps, ulcerations, strictures, infarction, bleeding, 

perforation 
   Liver: elevated serum alkaline phosphatase, hepatomegaly with 

heterogeneous tracer distribution on liver–spleen scan 
 Treatment 
   AL amyloidosis: high-dose chemotherapy and stem cell 

transplantation 
  AA amyloidosis: treatment of underlying disease 
  ATTR amyloidosis: orthotopic liver transplantation 



626 E.C. Ebert

from giant splenomegaly  [  27  ] . Hepatomegaly and abnormal 
liver function tests occur in 86% of patients with splenom-
egaly. Splenic nodules, which are more common than hepatic 
nodules, tend to be discrete but may coalesce with increasing 
size. 

 In general, corticosteroids should be instituted when 
organ function is threatened, usually involving lungs, eyes, 
and central nervous system. Their role in treatment of GI or 
hepatic sarcoidosis is unclear. Ursodeoxycholic acid is 
reported to be bene fi cial  [  28  ] .  

   Scleroderma 

 GI involvement, occurring in up to 90% of patients with scle-
roderma, is the third most common manifestation after skin 
disease and Raynaud phenomenon. In 10% of cases, GI dis-
ease occurs before the appearance of cutaneous manifesta-
tions  [  29  ] . The primary event may be vascular damage with 
hypoperfusion and ischemia  [  30  ] . Neurogenic involvement 
is due to microvascular changes in the vasa nervorum, nerve 
compression by collagen, and/or in fl ammation. This is fol-
lowed by secondary smooth muscle atrophy, weak muscle 
contractions, and replacement of muscle with  fi brosis. 

 The esophagus is the most commonly affected site (in 
50–90% of cases)  [  30  ] . These patients are at particular risk 
for re fl ux due to low or absent peristalsis, reduced LES pres-
sure, associated hiatal hernia from shortening of the esopha-
gus, gastroparesis, autonomic nervous system dysfunction, 
and associated sicca syndrome with loss of salivary bicar-
bonate. Heartburn, dysphagia, and regurgitation occur in up 
to 82% of patients  [  31  ] . Dysphagia, usually for both liquids 
and solids, is most often due to dysmotility and re fl ux  [  30  ] . 
Candida esophagitis occurs due to poor emptying of the 
esophagus, treatment with immunosuppressive agents, and 
acid suppression. Stricture formation occurs in 17–29% of 
patients. It is unclear whether the incidence of Barrett esoph-
agus or esophageal carcinoma is increased in patients with 
scleroderma compared to other patients with signi fi cant 
re fl ux. 

 Esophageal manometry demonstrates decreased ampli-
tude of contractions in the distal two-thirds of the esophagus 
(containing smooth muscle) followed later by a decline in 
LES pressure, although these  fi ndings are seen in other dis-
eases  [  31  ] . The upper one-third containing striated muscle is 
usually spared. Cine-esophagram provides anatomic data, 
whereas the scintigraphy is easier to quantitate and docu-
ments aspiration. 

 Gastric emptying, particularly to solids, is delayed in 
10–75% of patients depending upon the mode of diagnosis 
 [  32  ] . The gastric emptying study correlates with symptoms, 
such as early satiety, bloating, and emesis  [  33  ] . Metoclopramide 
and erythromycin can improve gastric emptying  [  32  ] . 

 GI hemorrhage is most commonly due to mucosal 
telangie ctasias which occur throughout the GI tract. Gastric 
antral vascular ectasia or watermelon stomach is typically 
seen in elderly females with blood loss and anemia. The 
dilated, ectatic, convoluted vessels travel longitudinally in 
the antrum converging at the pylorus. 

 Small bowel involvement occurs in 17–57% of patients 
depending on the mode of detection  [  32  ] . Motility distur-
bances are common, such as absent or abnormal migrating 
motor complexes, predisposing to bacterial overgrowth  [  34  ] . 
“Hide-bound” bowel consists of dilatation with closely packed 
valvulae conniventes from atrophy of the longitudinal  fi bers of 
the muscularis propria shortening the bowel  [  35  ] . 

 Barium enemas demonstrate pancolonic involvement in 
10–50% of cases although the radiologic features do not nec-
essarily correlate with symptoms  [  32  ] . The true diverticuli 
involving all layers of the intestinal wall generally do not 
lead to diverticulitis due to their wide necks. Pseudoob-
struction can be treated with octreotide and erythromycin 
 [  36  ] . Complications from chronic constipation and pseu-
doobstruction include stercoral ulcers from impaction of hard 
feces in the rectum, volvulus from dilation and elongation of 
the colon causing excess mobility, and perforations due to the 
thin, atrophic bowel  [  37,   38  ] . Pneumatosis cystoides intesti-
nalis and benign pneumoperitoneum, without rebound ten-
derness or the need for urgent surgery, may occur  [  39  ] . 

 The internal anal sphincter (IAS), composed mainly of 
smooth muscle, undergoes atrophy and  fi brosis. Since the 
IAS composes 85% of the resting anal pressure, there is an 
abnormal descent of rectal air and feces into the anal canal. 
The resulting incontinence of feces can be treated by solidi-
fying liquid stool, by biofeedback although responses are 
often unsatisfactory, by sacral nerve stimulation, and by sur-
gical approaches  [  32,   40  ] .  

   Heart Disease 

 Malabsorption, clinical or occult, is present in 56% of 
patients with chronic heart failure (HF), in part due to bowel 
wall edema and decreased perfusion with increased bowel 
wall thickness  [  41,   42  ] . Low cardiac output leads to isch-
emia of intestinal villus tips. Protein-losing enteropathy 
results from increased intestinal permeability. Constrictive 
pericarditis even without typical hemodynamic changes but 
with thickened pericardium (seen in MRI) may cause pro-
tein-losing enteropathy and peripheral edema, with normal-
ization after pericardectomy  [  43  ] . Colonic angiodysplasia 
have a controversial association with aortic stenosis and GI 
bleeding  [  44  ] . 

 GI mucosal changes, particularly a mosaic-like pattern, 
are seen in the majority of patients with HF and correlate with 
GI symptoms  [  45  ] . Congestive hepatopathy is due to hepatic 
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hypoxia and results in centrilobular damage with reduced for-
ward  fl ow and backward congestion. Modest liver function 
abnormalities are noticed with a cardiac index less than 1.5 L/
min/m 2   [  46  ] . Over time,  fi brous tissue bands adjoin cen-
trolobular areas and encircle relatively normal portal tracts. 
Hepatic function, however, correlates primarily with cen-
trolobular congestion, not with liver  fi brosis. Abdominal dis-
comfort, due to stretching of the liver capsule, is a striking 
manifestation of hepatic congestion. Physical  fi ndings include 
hepatomegaly (95%), ascites (25%), and rarely splenomegaly 
 [  47  ] . HF is associated with a high serum ascites albumin gra-
dient and high ascites protein content due to high systemic 
venous pressures of the liver and peritoneal cavity. Portal 
hypertension and hepatic encephalopathy are rare. Serum 
bilirubin is usually below 5 mg/100 mL, often with unconju-
gated pigment. Serum transaminases are usually mildly ele-
vated while the international normalized ratio (INR) is often 
prolonged. CT scan shows lobulated, patchy, inhomogeneous, 
enlarged liver with distention of the inferior vena cava. These 
patients should receive treatment for the heart failure and 
paracentesis for refractory ascites. Albumin does not need to 
be replaced with paracentesis since synthetic function is pre-
served. Transjugular portosystemic shunts are contraindi-
cated. Prognosis relates to severity of the underlying cardiac 
disease. Surgical GI complications after coronary artery 
bypass grafts greatly increase the mortality  [  48  ] . 

 Hypoxic liver injury (HLI) usually occurs in a setting of 
liver congestion from right-sided heart failure and low cardiac 
output, precipitated by an acute event, usually arrhythmia or 
pulmonary edema, often without documented hypotension 
 [  49  ] . Transaminases increase within 48 h after the initiating 
event and decrease within 72 h if the causative event is elimi-
nated. The incidence of HLI de fi ned as transaminase eleva-
tions greater than 20 times normal is 0.16% for inpatients, 
0.9% for critical care patients, and 2.6% for cardiac care 
patients. Symptoms include weakness, shortness of breath, 
and right upper abdominal pain. Ultrasound reveals hypoechoic 
areas, while CT scans show hypodense lesions, all of which 
usually resolve completely. The INR may increase, bilirubin 
may be mildly elevated, but clinical jaundice is unusual.  

   Kidney Disease 

 The prevalence of CKD and ESRD has increased steadily in 
the US. CKD increases in prevalence in older diabetics and 
hypertensives. GI manifestations may be evident in 79% of 
those with CKD  [  50  ] , most common being nausea, vomiting, 
abdominal pain, constipation, and diarrhea. 

 Although upper GI symptoms are common in CKD, there 
is no clear increase in gastroparesis, abnormal gastric emp-
tying time, ulcer disease, or  Helicobacter pylori  infection. 
GI bleeding, however, is common, most commonly from 
angiodysplasias  [  51  ]  or may be secondary to uremic effects 

on GI mucosa, platelet function abnormalities, or use of 
heparin and antiplatelet drugs. Hypergastrinemia results 
from impaired excretion of gastrin or increased synthesis 
due to hypochlorhydria and reduced parietal cell sensitivity 
to gastrin. 

 Constipation is common in CKD and ESRD due to reduc-
tion in physical activity and  fi ber intake (from potassium-
restricted diets); use of iron, calcium supplements, or 
phosphate binders; and presence of comorbidity such as DM 
or cerebrovascular disease. Magnesium- and phosphate-con-
taining enemas are best avoided. 

 While pancreatic abnormalities are observed at autopsy in 
56–60% of patients with ESRD, the incidence of pancreatitis is 
probably not increased  [  52  ] . Amylase levels in CKD are due to 
poor renal clearance. Lipase levels are increased due to heparin-
induced lipolytic activity in patients on dialysis. However, a three-
fold increase in serum amylase levels suggests pancreatitis. 

 The incidence of nonocclusive mesenteric ischemia par-
ticularly of the cecum and right colon is higher in hemodi-
alysis patients  [  53  ] . This is due to intradialytic hypotension, 
excessive use of erythropoietin, and calci fi cation of mesen-
teric arteries  [  50  ] . Patients present with abdominal pain, 
guarding, fever, and leukocytosis. Early surgical resection is 
often necessary as the mortality rate is high. Encapsulating 
peritoneal sclerosis is a rare but lethal complication of peri-
toneal dialysis characterized by peritoneal thickening and 
encapsulation of the bowel. 

 Sodium polystyrene sulfonate (Kayexalate)-sorbitol 
enemas may cause intestinal necrosis and ulcerations; the 
complication can be reduced with cleansing enemas 
administered before and after its use  [  50  ] . Acute phosphate 
nephropathy occurs in 1–4% of patients using a sodium 
phosphate preparation, such as phosphosoda for laxation or 
prior to colonoscopy  [  54  ] . The use of phosphorus- and 
magnesium-containing preparations is relatively contrain-
dicated in CKD    (Table  67.3 ).  

   Table 67.3    Summary of GI manifestations in kidney and heart 
disease   

 System  Manifestations 

 Chronic kidney 
disease 

 Appetite: anorexia, metallic taste 
 Nausea, vomiting 
 Bleeding from uremia, low platelet effects, use 
of heparin and antiplatelet drugs 
 Hypergastrinemia 
 Arterio-venous malformations 
 Constipation, autonomic or medication induced 
 Pancreatic amylase or lipase elevation 
 Nonocclusive mesenteric ischemia 

 Chronic heart 
disease 

 Congestive hepatopathy 
 Hypoxic hepatitis 
 Malabsorption and protein-losing enteropathy 
 Intestinal ischemia (poor perfusion-related) 
 Cardiac cirrhosis 
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  Key Points 

    Gastrointestinal manifestations are common in systemic • 
disease.  
  Diabetes affects the esophagus (pyrosis), stomach • 
(bloating), intestine (diarrhea or constipation), pan-
creas (pancreatitis), and the liver (nonalcoholic fatty 
liver).  
  In amyloidosis, the liver is commonly involved but symp-• 
toms are mild and due to intestinal involvement, resulting 
in diarrhea, steatorrhea, or abdominal pain.  
  Thyroid disease usually causes motility disorders or appe-• 
tite changes.  
  Sarcoidosis is associated with hepatomegaly, elevated • 
alkaline phosphatase, intrahepatic cholestasis eventually 
progressing to biliary cirrhosis, and granulomas, but with 
few symptoms.  
  Scleroderma is associated with esophageal dysmotility, • 
re fl ux, delayed gastric emptying, intestinal dysmotility, 
wide-mouthed diverticuli, and pseudoobstruction.  
  Heart failure may result in congestive hepatopathy, • 
hypoxic hepatitis, malabsorption, and protein-losing 
enteropathy.  
  Chronic kidney disease (CKD) is associated with bleed-• 
ing, mild hyperamylasemia, hypergastrinemia, constipa-
tion, and nonocclusive mesenteric ischemia.          
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   Signi fi cance 

 Abdominal aortic aneurysm (AAA) is de fi ned as a focal dila-
tation of the abdominal aorta. While intact aneurysms are 
usually asymptomatic, aneurysmal rupture is among the most 
dramatic vascular abdominal emergencies, often leading to 
rapid hypovolemic shock and death if not promptly diagnosed 
and addressed. The lethality following rupture is 80–95%; a 
high index of suspicion is critical for early diagnosis and 
prompt management to ensure a favorable outcome  [  1–  5  ] . 
While there is lack of uniform agreement on the de fi nition of 
AAA and this has consequences for practice, most de fi nitions 
use aortic diameter as the basis  [  6  ] . The aortic diameter is 
in fl uenced by body size, age, and gender  [  6  ] . The normal 
diameter of the aorta is around 2 cm. A generally accepted 
de fi nition for AAA is an aortic diameter over 3 cm  [  7  ] . 

 The size of an aneurysm helps in the follow up assessment. 
Generally AAAs of 3–3.9 cm are considered small and do not 
require intervention; size 4–5.4 cm requires surveillance; sur-
gical repair for AAAs at least 5.5 cm may lead to a reduction 
in AAA-associated mortality  [  1,   2  ] . Most AAAs are located at 
a level between the renal arteries and the aortic bifurcation. 
Pathological features of AAA include aortic extracellular 
matrix degradation, in fl ammation, and neovascularization  [  8  ] . 

 AAA affects 5% of the population in developed countries. 
They are more common in men, whites, and smokers  [  8  ] . 
Aneurysms pose variable risks of rupture based on risk fac-
tors, and accordingly pose substantial risk for mortality and 
a need for elective or emergency surgical intervention. 

Despite the awareness, the diagnosis of aneurismal rupture is 
commonly missed or delayed in practice  [  5  ] .  

   Risk Factors 

 The most common risk factors for AAA are age  ³ 65 years, 
male sex, and being an “ever smoker” (de fi ned as  ³ 100 ciga-
rettes in a lifetime). History of AAA in a  fi rst degree relative 
and the presence of vascular disease are also risk factors. 
Smoking is the most important reversible risk factor and 
adversely in fl uences the development, expansion, and rup-
ture of an AAA, stressing the importance of counseling for 
smoking cessation  [  1,   7  ] . Weaker associations include hyper-
tension and hyperlipidemia; interestingly, diabetes is not a 
risk factor. However, the presence of diabetes or chronic kid-
ney disease in fl uences morbidity and mortality in those with 
AAAs  [  1  ] . 

 The prevalence of large AAAs in women is low; data sug-
gests that the ratio of AAAs in men to women is 4–6 to 1  [  1, 
  7  ] . In a large randomized controlled trial in white women 
and men 65–80 years, the prevalence in women was a sixth 
of that in men; the incidence of rupture was the same in both 
screened and control groups of women  [  9  ]  justifying the 
USPSTF recommendation for not screening women. The lit-
erature also suggests that the prevalence of AAA might be 
underestimated in women. Estrogen-mediated reduction in 
macrophage MMP-9 production may be a mechanism for 
gender disparities  [  10  ] . Women however, are at a greater risk 
for aneurysmal rupture, especially with smaller AAAs, com-
pared to men  [  1,   10  ] . 

 The Society for Vascular Surgery has classi fi ed risk factors 
into three groups: those that impact AAA development (e.g., 
tobacco use, hypertension, male gender, hypercholesterolemia, 
and family history of male predominance); AAA expansion 
(advanced age, cardiac disease, tobacco use, prior stroke, car-
diac, or renal transplant); and AAA rupture (female gender, 
large AAA diameter, high mean blood pressure, current 
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tobacco use, cardiac or renal transplant, wall stress/strength 
factors)  [  1  ] . 

 The role of infection has been mentioned as a risk factor, 
due to detection of antibodies against  Chlamydia pneumonia  
and a claim for in fl ammation as a basis for vascular disease; 
it is more likely that proteins cross react with chlamydial 
antibodies, indicating “molecular mimicry”  [  4  ] . Data on the 
role of antibiotics is not conclusive.  

   Presentation 

 The vast majority of AAAs are asymptomatic and detected 
as an incidental  fi nding on ultrasonography or CT imaging 
for other disorders. The presence of a pulsatile mass on 
examination is very suggestive of an AAA. Generally large 
aneurysms (over 5 cm) are detected on physical examination, 
while smaller ones may be missed. It is generally safe to pal-
pate an aneurysm  [  5  ] . The detection of a palpable pulsatile 
mass calls for further evaluation. 

 The most dramatic presentation is aneurysmal rupture 
and hemorrhagic shock from blood loss. Other manifesta-
tions include syncope, acute abdominal or back pain, and 
gastrointestinal dysfunction  [  5  ] . Factors that predispose to 
rupture include size of aneurysm, rate of expansion, and gen-
der  [  1,   3,   5  ] . Increasing size of aneurysm is associated with 
a higher risk  [  1  ] . A large number of patients die before they 
reach a hospital, and many who do, are unable to survive 
surgery. Clearly, poor control of hypertension may increase 
likelihood of rupture. Thrombosis and embolization are 
additional complications. 

 Rarely upper abdominal pain and bloody vomiting may 
be a result of an aneurysm compressing the distal duodenum, 
causing ischemic duodenitis from superior mesenteric artery 
syndrome  [  11  ] . AAAs may be associated with cognitive dys-
function infrequently  [  12  ] . 

 There is a high likelihood that patients with popliteal or 
femoral aneurysm have also an AAA; in contrast, there is a 
smaller likelihood that a patient with AAA also has a femo-
ral or popliteal artery aneurysm  [  1  ] . Hence, a patient with 
one aneurysm requires scrutiny for another aneurysm else-
where. AAAs expand more rapidly in smokers  [  13  ] . 

 The differential diagnosis includes disorders that manifest 
with abdominal discomfort or back pain and include gastro-
intestinal, genitourinary, and spine disease. However, the 
 fi rst priority is to exclude rupture of an AAA than make a 
diagnosis of less serious conditions  [  5  ] . Para-aortic abdomi-
nal lymph nodes or other masses and thin habitus may trans-
mit aortic pulsations and mislead the provider on physical 
examination or imaging  [  5  ] . 

 Table  68.1  presents a overview on AAA.   

   Screening and Surveillance 

 The prevalence of AAA is predicted to go up with the antici-
pated increase in the global aging of people  [  14,   15  ] . As an 
aneurysm causes much morbidity and mortality, screening for 
aneurysms in the asymptomatic state assumes relevance. 
Often, a diagnosis of AAA is incidental during imaging for 

   Table 68.1    Abdominal aortic aneurysm (AAA): an overview  [  1,   3–  5,   7  ]    

 Risk factors 
 Older age 
 Smoking history 
 Male gender 
 Family history 
 White race 
 Hypertension 
 Hyperlipidemia 
 Atherosclerotic occlusive vascular disease 

 Presentation 
 Largely asymptomatic; diagnosis often incidental 
 Abdominal pulsatile mass 
 Abdominal discomfort (pain or pressure effects) 
 Chronic back pain 
 Neuropsychiatric manifestations, rarely 
 Complications 

 Rupture and hemorrhagic shock 
 Syncope 
 Gastrointestinal or genitourinary dysfunction 
 Thromboembolic phenomena 

 Differential diagnosis 
 Spine disorders with pain 
 Gastrointestinal or genitourinary disorders 
   Para-aortic lymph nodes or other mass on imaging, with pressure 
effects 
 Abdominal hernia 

 Screening recommendations and surveillance (Table  68.2 ) 
 Management 

 Watchful waiting, with periodic surveillance for size of aneurysm 
 Medical management 

 History for symptoms at each visit 
 Abdominal examination at each visit 
 Address lifestyle risk factors: promote smoking cessation 
 Control hypertension (beta blockers, ACE inhibitors) 
 Statins for hyperlipidemia 
 Role for antibiotics unclear 

 Surgical management 
 Preoperative testing, including cardiopulmonary status 
 Elective vs. emergency surgical repair 
 Choices in surgery: open vs. endovascular 
  Elective repair indicated when the external diameter is 5.5 cm 
 Immediate repair is indicated for ruptured AAAs 
   Open repair: cost high, perioperative mortality 2–5%, periopera-
tive morbidity high 
   Endovascular repair: cost higher, perioperative mortality 0–2%, 
perioperative morbidity low 
  Outcomes between open and endovascular equivalent at 2 years 



63368 Abdominal Aortic Aneurysm

other conditions  [  7  ] . National programs have been imple-
mented for screening in the US, UK, and Sweden. While there 
is general agreement on the need for screening, the recommen-
dations on whom to screen, age at which to screen and fre-
quency of screening are not consistent in all guidelines  [  16  ] . 

 Screening recommendations and practice guidelines stress 
several areas that are signi fi cant in the care for patients with 
AAA  [  1,   7,   17  ] . While recommendations are not consistent, 
there is general agreement in screening men over 65 years 
 [  1,   7,   17  ] . There is consensus on the need for a one-time 
screening of older men to detect and treat AAAs  ³ 5.5 cm; 
for smaller AAA, however, prediction models and a cost 
analysis are necessary to provide further guidance  [  15,   16  ] . 
Screening and surveillance recommendations are summa-
rized in Table  68.2 .  

 In the UK Multicentre Aneurysm Screening Study 
(MASS) (2009–2010), of the 6,091 men aged 65 years invited 
for screening, two-thirds attended; 162 self-referrals were 
also screened. Aneurysms turned out to be more common in 

the self-referrals than in the invited group; all detected aneu-
rysms were in white men  [  18  ] . 

 AAA screening and surveillance utilize ultrasound imag-
ing to measure the antero-posterior diameter of the infra-renal 
aorta. The sensitivity and speci fi city of ultrasonography 
screening are 95% and 100% respectively  [  7  ] . Yet, variations 
in observer interpretations and reproducibility have been 
cited, warranting the need for standard training and quality 
assessment to make the screening program effective  [  19  ] . In a 
study comparing measurements between ultrasound and com-
puterized tomography (CT), signi fi cant differences between 
the two imaging modalities existed, especially in the 5–5.5 cm 
range; the authors recommended that AAAs measuring  ³ 5 cm 
in ultrasound be referred to a vascular service and CT imag-
ing  [  10  ] . In general ultrasound is an effective imaging modal-
ity but is less precise for measurements than CT  [  20  ] . CT also 
has the ability to evaluate the mesenteric and iliac areas and 
presence of suprarenal aneurysms better  [  21  ] . Magnetic reso-
nance imaging (MRI) is at least as good as CT, but at a higher 
cost  [  22  ] , and offers no advantage over CT. Demonstrating 
blood in the retroperitoneum following rupture of an AAA 
requires a CT scan or MRI  [  5  ] . When rupture is suspected at 
presentation, a CT or MRI should be requested rather than 
ultrasound. For unruptured aneurysms, ultrasonography is the 
imaging of choice for surveillance and initial study  [  5  ] . 

 Selective screening at the vascular laboratory is deemed 
cost-effective  [  23  ] . A study of 5,924 patients (mean age 72.8 
years) referred to a university hospital vascular lab for arterial 
examination revealed an AAA by ultrasonography in 181 
patients; 21.5% underwent elective repair with a perioperative 
mortality of 5.1%  [  23  ] . An Italian study found that AAA 
screening with ultrasound was cost-effective compared to non 
screening scenarios  [  24  ] . Age at initial screening has an impact 
on the cost-utility ratio. Studies including a high proportion of 
men >75 years failed to show signi fi cant reduction in AAA-
related deaths  [  15  ] . Overall, there is growing consensus on the 
value of screening, in that a single ultrasound at age 65 can 
rule out signi fi cant disease for life in 95% of men  [  15  ] . 

 More recently the value of transthoracic echocardiogra-
phy has been demonstrated in detecting AAA, as the cardiac 
ultrasound probes  fi t perfectly for AAAs; the prevalence of 
AAAs over 3 cm in a study was up to 19% in men over 70 
years  [  25  ] . In another study 5.1% of those over 55 years had 
AAAs; the mean aortic diameter was 3.9 ± 1.22 cm, with the 
ratio of men to women with aneurysms 7.3 to 1  [  26  ] . 

 Although there is adequate evidence for bene fi ts from 
ultrasound screening for AAA, application of the principle in 
practice to offer systematic screening is poor and places 
much responsibility on family physicians  [  27  ] . The bene fi t 
of screening is in the reduction of AAA mortality with 
the opportunity for secondary bene fi t for cardiovascular 
mortality, since AAA is a prognostic marker for cardiovas-
cular disease  [  27  ] .  

   Table 68.2    Screening recommendations for AAA   

 United States Preventive Services Task Force  [  7  ]  
 Screening is indicated for AAA in men aged 65–75 years, who ever 
smoked 
 No recommendation for or against in men 65–75 years, who never 
smoked 
  Bene fi ts of screening in male ever smokers aged 65–75 years 
outweigh the harm 
 Abdominal ultrasonography is accurate for screening with high 
sensitivity and speci fi city 
 The USPSTF recommends against routine screening in women; 
harms of screening outweigh the bene fi t (Grade D) 
 Adults below 65 years or any age who never smoked are at low risk 
and unlikely to bene fi t from screening 
 Surgical repair of large AAAs ( ³ 5.5 cm) is associated with 
decreased AAA-speci fi c mortality 

 Canadian Society for Vascular Surgery  [  17  ]  
 Recommend screening for men 65–75 years who are potential 
candidates for surgery. 
  Screening not indicated in women over 65 years of age in general 
 Individualize screening for women with multiple risk factors 
(smoking, family history, and cerebrovascular disease) 

 Society for Vascular Surgery and Society for Vascular Medicine 
and Biology  [  1  ]  

  Screening in all men age 65 years and older 
  Screening for women aged 65 and older if they have smoked or 
have a family history 
  Screen all men aged  ³ 55 years with a family history of AAA 
 Ultrasonography every 6 months if AAA diameter is 4.5–5.4 cm 
 Ultrasonography yearly if AAA diameter is 3.5–4.4 cm 
 If healthy, recommend imaging every 3 years for AAAs 3.0–3.4 cm, 
and every 5 years for AAAs 2.6–2.9 cm 
 Rescreening is not recommended if the initial ultrasound at age 65 
or older demonstrates an aortic diameter <2.6 cm 
 In those with AAA and abdominal or back pain, imaging is 
recommended 
 Timely referrals to vascular surgery for large or expanding aneurysms 
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   Management 

 AAAs are monitored conservatively through the use of medical 
imaging when they are small; when the size (aortic diameter) 
approaches 5–5.5 cm, surgical repair may be required  [  14  ] . 
Management strategies can address any of three options or a rea-
sonable combination: life style measures, medical management, 
and surgery. Watchful waiting combined with medical manage-
ment is an option whenever surgery is not a consideration. 

   Life Style Measures 

 Smoking cessation is perilous in those with vascular dis-
ease, with the bene fi ts of cessation of smoking greatly 
exceeding any risks from pharmacological treatment to 
achieve the goal. Success is achieved through a systematic 
approach with a focus on the  fi ve As (Ask, Advise, Assess, 
Assist, and Arrange)  [  28  ] . No other life style intervention 
offers such a tremendous bene fi t. Dietary recommendations 
must be consistent and individualized to risk factors present, 
such as hypertension, vascular disease, and dyslipidemia.  

   Pharmacological Measures 

 Drug management must address risk factors such as hyper-
tension and hyperlipidemia. The role of beta blockers in this 
regard is controversial  [  5  ] . Bene fi ts from their use have been 
cited years ago  [  29  ] ; beta adrenergic agents and angiotensin 
converting enzyme inhibitors (ACEIs) have been recom-
mended as bene fi cial  [  30  ] , although data is limited. The con-
trasting view is that propranolol does not inhibit aneurysm 
expansion, but level B evidence is available suggesting that 
roxithromycin and doxycycline decrease the rate of aneurysm 
expansion  [  31  ] . Antibiotics have been proposed on the basis 
of in fl ammation playing a role in development of AAAs, a 
view unproven. The same paper also cites Level B and C evi-
dence in favor of statins inhibiting AAA expansion; and ani-
mal data in favor of ACEIs and angiotensin receptor blockers 
in decreasing the rate of expansion  [  31  ] . Interestingly, there is 
also paucity of data on the bene fi t of beta blockers, statins, 
and macrolides for thoracic aorta aneurysms, a related vascu-
lar disorder  [  32  ] . As higher mean blood pressure is associated 
with risk of rupture, AAAs are enough reason to treat hyper-
tension, a noncontroversial statement  [  5  ] . Although the role 
of beta blockers is not clear in the prevention of growth of 
AAAs, the level of recommendation and evidence to continue 
beta blockers in the perioperative period is strong  [  1  ] . 

 The role of statins on expansion rate has been raised due 
to two reasons. First, dyslipidemia is an established risk 

factor for vascular disease; secondly, statins have nonlipid 
pleiotropic effects on the arterial wall (addressing cellular 
components) and on the process of in fl ammation  [  33  ] . Even 
NSAIDs have been mentioned as having bene fi t, although 
not supported by data. After a review of 15 cohort studies 
and over 12,000 patients, the patterns of drug bene fi ts were 
not consistent; the conclusion was that properly designed 
RCTs are required to ascertain the effects of these agents on 
aneurysm expansion  [  34  ] .  

   Surgery 

 Data from two trials suggest no advantage for early surgery 
for AAAs in the 4–5.5 cm range  [  35  ] . A large study from 
2005 to 2009 involved surgical repair of ruptured AAAs and 
outcomes across nine countries, data was collected from vas-
cular registries in Australia and Europe. Here, 31,427 intact 
AAA repairs were performed in the old, mean age 72.6 years, 
including many octogenarians  [  36  ] . The perioperative mor-
tality rate was 2.8%; increasing age, open repair, and comor-
bidities predicted outcome; the same study also identi fi ed 
7,040 ruptured repairs, with mean age 73.8 years, and a peri-
operative mortality of 31.6%  [  36  ] . The outcomes differed 
with geographical locations  [  36  ] . 

 Endovascular aneurysm repair, is one option, and utilizes 
an expandable graft introduced into the aorta to protect the 
AAA from arterial pressure. It is a valid alternative to open 
repair and offers lower 30 day mortality and morbidity than 
open repair, but no survival advantage after 1–2 years  [  5,   37  ] . 
Surgical mortality in a recent study of octogenarians was 
26.7% and confounded by the presence of cardiac disease 
and hypovolemic shock, rather than age  [  38  ] . The near normal 
long-term prognosis in this age group following successful 
repair justi fi es the surgical correction in well-selected cases 
even in octogenarians  [  38  ] . Treatment mortality appears 
higher in women for both elective and ruptured repair of 
AAAs  [  10  ] . Ischemic colitis is a rare complication of AAA 
surgery, requiring the surgeon to be proactive to prevent this 
occurrence  [  39  ] . 

 Ultimately one must take into account the preferences of 
patients and family members, in addition to the recommen-
dations of vascular surgeons. Advance directives, if present, 
must always be respected. Preoperative cardiac assessment 
needs to be ef fi cient and accurate to obtain satisfactory 
operative results  [  40  ] . Cardiopulmonary exercise testing 
was the only means that predicted both 30 day outcome and 
30 month mortality in a UK study  [  41  ] . Major complica-
tions and re-intervention risk were most in fl uential for 
responses of patients, family, and surgeon, as also costs, 
recovery time, and anesthesia in lesser importance  [  42  ] . 
Understanding these facts can help optimize treatment. 
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Once patients understand the implications of diagnosis, they 
are more likely to be satis fi ed with results  [  43  ] .   

   Future Directions 

 There is an expectation that better diagnostic and prog-
nostic markers for AAA will be available in future; molec-
ular markers await identi fi cation  [  1,   14  ] . Markers may 
assist diagnosis and monitoring of response to therapy, but 
thus far markers lack sensitivity and speci fi city  [  1  ] . Recent 
data suggests that men with AAA and those with aortic 
diameters 25–29 mm have increased risk of mortality 
compared to those with aortic diameter <24 mm  [  44  ] . 
Emergency department death is a cause of mortality with 
AAA rupture, and relates to delay in arrival and delays in 
providing defi nitive care, calling for improvement in 
regional systems of care  [  45  ] . In the future, genome-wide 
screening may identify genetic markers to assist early 
diagnosis. 

  Key Points 

    Abdominal aortic aneurysm (AAA) is de fi ned as a dilatation • 
of the abdominal aorta, generally accepted as over 3 cm.  
  AAAs are usually asymptomatic, rupture is followed by • 
dire consequences.  
  Risk factors include older age, smoking, male gender, • 
Caucasian ethnicity, and presence of hypertension and 
vascular disease.  
  The USPSTF guidelines recommend screening through • 
one-time abdominal ultrasonography in men between 65 
and 75 years who have ever smoked.  
  Ultrasonography screening for AAA is speci fi c and sensi-• 
tive, but does carry interpreter bias.  
  CT imaging although more precise, is not the  fi rst choice • 
screening modality; disadvantages include cost, and risks 
of intravenous contrast and radiation.  
  Medical management addresses risk factors such as • 
tobacco use, hypertension, and hyperlipidemia through 
life style modi fi cation and use of medications.  
  Surveillance for size of the aneurysm through periodic • 
imaging is part of the strategy in watchful waiting  
  Patients with aneurysm size over 5.5 cm are candidates • 
for elective surgery.  
  Candidates for surgery must be carefully assessed preop-• 
eratively, utilizing cardiopulmonary exercise testing.  
  Surgical repair decisions are guided by size of aneurysm, • 
rate of growth, and comorbidity and above all patient 
preferences; options for surgery include open and endo-
vascular repair.          
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         Introduction 

 The prevalence of rheumatic manifestations in association 
with colopathies of elderly is impressive. There exists a 
strong link between the gut and the joint, a relationship 
emphasized by the fact that musculoskeletal manifestations 
are well-recognized complications of gastrointestinal (GI) 
disorders. Many rheumatological diseases also present with 
GI manifestations. Diagnosis becomes a challenge in the 
geriatric population as presentations may be atypical in addi-
tion to the coexistence of other musculoskeletal problems. 
As the population ages, there is a need to be aware of the 
varied presentations and limitations involved in diagnosis 
and management especially with regard to safe drug regi-
mens. The pathophysiology of rheumatological manifesta-
tions may involve increased intestinal permeability in speci fi c 
GI disorders resulting in a “leaky gut” situation whereby 
antigenic material may cross the gut wall and produces anti-
bodies that cross-react with host antigens and exhibit sys-
temic symptoms. A description follows on common GI 
disorders with rheumatological manifestations (Table  69.1 ).   

   Reactive Arthritis 

 Reactive arthritis (ReA) is an asymmetric in fl ammatory 
oligoarthritis usually involving lower extremities, axial skel-
eton accompanied by enthesitis, in about a third of patients 
with an episode of bacterial gastroenteritis, nongonococcal 
urethritis or cervicitis, usually resolving in 4–6 months. 
Progression is noted in 30–50%  [  1  ] , with antibiotics usually 
unhelpful  [  2  ] . The incidence is between 2 and 33%  [  3  ]  and 

varies based on the rate of HLA-B27 positivity in the population 
and the type of infectious organism. There exists an associa-
tion between HLA B27 and severity of joint symptoms  [  4  ] . 
Two forms of ReA have been described, postvenereal 
( Chlamydia trachomatis  [Ct]) and postdysentery ( Salmonella , 
 Shigella ,  Campylobacter , and  Yersinia )  [  1  ] . Cases of post-
streptococcal and urinary  Escherichia coli  ReA have also 
been reported in older adults  [  5–  7  ] . A major association 
between reactive joint pain and HLA-B27 was found for 
 Salmonella ,  Shigella , and  Yersinia  but not for  Campylobacter  
and  E. coli .  [  4  ] .  C. trachomatis  was detected in the synovial 
tissue from patients with ReA by electron microscopy 
recently  [  8  ]  and is the most common cause of ReA in the US, 
with  Yersinia  least common though both are in decline  [  1  ]  
(Table  69.2 ).   

   Pathogenesis 

 In genetically vulnerable individuals, peripheral joint 
in fl ammation with gut infections such as  Salmonella typh-
imurium ,  Campylobacter jejuni ,  Yersinia enterocolitica , and 
 Shigella  suggested for a possible relationship between 
in fl ammation of the gut mucosa and peripheral arthritis  [  9  ] . 
The exact mechanism of ReA is unknown; however an 
impaired TH1-cytokine response, a low tumor necrosis factor 
(TNF) alpha status in HLA B27 positive subjects  [  10  ] , 
molecular mimicry  [  11  ] , secretory IgA as a protective factor 
 [  12  ] , 60 kD shock protein as a target for response of CD4 and 
CD8 cells  [  13  ] , toll-like receptors, and cellular uptake  [  1  ]  
are implicated. Rarely antigenic material and bacterial 
fragments from gut organisms including  Yersinia ,  Shigella,  
and  Salmonella  have been isolated from synovial cells or 
 fl uid  [  1,   14  ] . 

 Radiologically, sacroiliitis, periostitis, nonmarginal 
syndesmophytes, periosteal new bone formation, joint erosions, 
and joint space narrowing with syndesmophytes can be appre-
ciated. Sacroiliitis is seen more commonly with postvenereal 
ReA rather than postenteric ReA. NSAIDs, corticosteroids, 
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disease modifying agents (DMARDs) such as sulfasalazine 
are used in therapy. Sulfasalazine is especially helpful as one 
study showed that 67% of patients with ReA have histologi-
cal evidence consistent with in fl ammatory bowel disease 
(IBD) on bowel biopsies. Antibiotics are useful for postchla-
mydial ReA rather than postdysenterial ReA  [  1  ] .  

   Spondyloarthropathies and In fl ammatory 
Bowel Disease 

 IBD including Crohn’s disease (CD) and ulcerative colitis 
(UC) can develop in genetically prone individuals as a result 
of interaction between gut  fl ora and host immune system. 
The mean incidence and prevalence of IBD in Western 
Europe and North America is estimated to be 6–150/100,000, 
respectively, for CD, and 20–200/100,000, respectively, for 
UC  [  15  ] . Historically, IBD and arthropathies have been 
described in association time and again. Similar pathogene-
sis may exist at a molecular level. Mechanisms such as 
mucosal dysregulation  [  16  ] , bacterial recognition, endoplas-
mic reticulum stress, IL23/Th17 axis, response to hypoxia, 
activation of invariant natural killer T cells, and inhibition of 
leukocyte homing have been proposed in IBD genetics  [  17  ] . 

The triple combination comprising of a speci fi c collagen or 
tissue matrix (termed as “soft collagen”), genetic predisposi-
tion (HLA B27, PSORS1, NODS2/CARD mutations), and 
triggering event (trauma or infection) is described as mecha-
nisms for spondyloarthropathies  [  18  ] . Three genetic loci 
have been identi fi ed which could explain IBD-associated 
arthropathy  [  19  ]  and chr1q32 and  STAT3  as ankylosing spon-
dylitis susceptibility loci  [  20  ] . GWAS (Genomic Wide 
Association Studies) have supported the theory of some simi-
lar susceptibility genes between CD and UC  [  19  ] . Genes in 
the innate immune response (NOD2), autophagy (ATG6L1), 
and regulation of the IL-23 pathway (IL-23R) affect the dis-
ease susceptibility  [  21  ] . However, the de fi nite mechanism 
remains unclear yet  [  19  ] . A recent study suggests that IL-23R 
and IL-17 gene polymorphisms affect IL-17A gene expres-
sion and are associated with etiology of IBD  [  22  ] . The com-
mon presentations include peripheral arthritis (7–16%), 
isolated sacroiliitis   , spondylitis (1–10%), enthesitis (5–10%) 
predominantly in CD  [  23  ] , dactylitis (2–4%), and arthralgias 
(8–16%). IBD is bimodal in distribution  [  24  ]  with the second 
peak at 60–70 years of age in 10–15% of the population  [  25  ] . 
Overlapping rheumatic in fl ammatory diseases with IBD, 

   Table 69.1    Gastrointestinal disorders associated with rheumatologi-
cal manifestations   

 Gastrointestinal 
 Acute intestinal-reactive 
arthritis 

  Chlamydia  
  Shigella  
  Salmonella  
  Campylobacter  
  Yersinia  
  Clostridium dif fi cile  
 Other organisms—parasites,  Helicobacter 
pylori , etc. 

 Seronegative 
spondyloarthropathies 

 Peripheral arthritis 
 Axial arthropathy 
 Others—osteonecrosis, steroid-induced 
osteoporosis, etc. 

 Miscellaneous  Celiac disease 
 Whipple’s disease 
 Postbypass arthritis 

 Hepatic 
 Viral  Hepatitis B 

 Hepatitis C 
 Nonviral  Primary biliary cirrhosis 

 Autoimmune hepatitis 
 Liver cirrhosis (viral causes included) 
 Hereditary hemochromatosis 
 Postliver transplant 
 Malignancy 

 Pancreatic 
   Pancreatitis, carcinoma pancreas, pancreatic pseudocysts, 

pancreatic duct stenosis, vascular pancreatic  fi stulas 

   Table 69.2    Organisms associated with reactive arthritis (ReA)  [  1,   14  ]    

 Organism 
 Relevant facts and HLAB27 
positivity 

  Chlamydia trachomatis   Most common cause 
 May be etiology for undiagnosed 
spondyloarthropathy 

  Shigella dysenteriae ,   fl exneri,  
and  sonnei  

 First organism to be described 
 Less common cause for ReA in 
developed countries 
 HLA B27—36% based on a 
French study in 2005 

  Salmonella typhimurium  
and  enteritidis  

 Attack rate 6–30% 
 HLA B27—17–50% 
 Salmonella Saint Paul in USA  [  1  ]  

  Campylobacter   In contrast to other microbial 
ReA, in fl ammatory back pain 
uncommon 
 No signi fi cant association with 
HLA B27 

  Yersinia enterocolitica  
and  pseudotuberculosis  

 Uncommon cause 
 Denmark study mentions attack 
rate to be 23% 

  Clostridium dif fi cile   HLA B27 positivity may mark 
serious or persistent disease  [  1  ]  
 ReA with MTX and CDAD  [  82  ]  

  Strongyloides stercolaris  
reported  [  83,   84  ] , 
Paragonimiasis  [  85  ] ,  Isospora 
belli   [  86  ]  and cryptosporidiosis 
 [  87  ] ,  Giardia lamblia   [  88  ] , 
 Hafnia alvei ,  Ureaplasma 
urealyticum ,  Helicobacter 
pylori , intravesicular Bacillus 
Calmette-Guerin 
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psoriatic, anterior uveitis, reactive, idiopathic, and undiffer-
entiated arthritis have been reported  [  19  ] . Joint hypermo-
bility is more common in CD than UC  [  26  ] .  

   Pathogenesis 

 Histological evidence of ileocolitis without GI symptoms 
was found in particularly HLA B27 positive unidenti fi ed 
in fl ammatory arthritis  [  14  ] . Sixty to seventy percent of spon-
dyloarthritis (SpA) patients have long-term gut in fl ammation 
by ileocolonoscopy wherein IBD manifests in about 7% 
 [  19  ] . In one study, Bactericidal Permeability Increasing 
Protein (BPI) was identi fi ed as a major target antigen of anti-
neutrophil cytoplasmic antibody (ANCA) in IBD and 
Primary Sclerosing Cholangitis (PSC)  [  27  ] . 

 The two major types of arthropathies seen in IBD include 
peripheral arthropathy and axial arthropathy with similar 
prevalence in ulcerative colitis (UC) and Crohn’s disease 
(CD)  [  28,   29  ] . Ultrasound entheseal abnormalities are pres-
ent in IBD patients without symptoms of arthropathy and are 
independent of activity, duration, and type of gut disease 
 [  30  ] . A mild polyarticular arthralgia similar to IBD arthropa-
thy has been observed following restorative proctocolectomy 
 [  31  ]  and cases of arthritis following diverticulitis have been 
reported  [  32,   33  ] . Peripheral and axial arthropathy are pres-
ent in 20–30% of patients with IBD  [  17,   19  ]  (Table  69.3 ).  

 Among patients with Crohn’s disease, those with colitis 
have a greater chance of developing synovitis than small bowel 
disease. The clinical course of extraintestinal manifestations 
(EIM) such as axial arthritis and primary sclerosing cholangi-
tis is independent of IBD activity. One Swiss study showed the 
prevalence of EIM to be: arthritis (CD 33%, UC 21%), apht-
hous stomatitis (CD 10%, UC 4%), uveitis (CD 6%, UC 4%), 

erythema nodosum (CD 6%, UC 3%), ankylosing spondylitis 
(CD 6%, UC 2%), psoriasis (CD 2%, UC 1%), pyoderma gan-
grenosum (CD and UC each 2%), and PSC (CD 1%, UC 4%) 
 [  34  ]  (Fig.  69.1 ). About 36% of IBD patients have at least one 
EIM; anti-TNF therapy especially in CD with articular involve-
ment has improved the symptoms  [  35  ]  and in cases of severe 
spondylosis and enteropathy, considered  fi rst line  [  36  ] . Since 
TNF-alpha blockers are common drugs for joint, gut, eye, and 
skin disease, TNF-alpha is proposed to be a common mediator 
 [  17  ] . Promising strategies including the use of pamindronate 
and thalidomide have been proposed  [  37–  39  ] .   

   Other Associations with IBD 

 Low bone mineral density was found in 31–59% of patients 
in cross-sectional studies in IBD. A study con fi rmed low 
bone mineral density in femur and spine in early spondyloar-
thropathies, speci fi cally with male gender and decreased 
functional capacity  [  40  ] . Low osteocalcin levels, and cumu-
lative corticosteroid doses were identi fi ed as risk factors for 
osteoporosis  [  41  ] . Cases of aseptic osteitis of the clavicle 
 [  42  ]  and spontaneous osteonecrosis unrelated to steroid ther-
apy in CD have been reported  [  43  ] .  

   Liver Disease and Arthropathy 

 There are varieties of liver disorders that present with extra-
hepatic manifestations (EHM). There is an increase in liver-
related morbidity and mortality especially in persons 60 
years and older. Hence it is imperative to recognize and treat 
liver disorders with EIMs  [  44  ] . Table  69.4  discusses nonviral 
liver disorders and arthropathy.  

   Table 69.3    Peripheral and axial arthropathy in colitis   

 Peripheral arthritis  Axial arthropathy 

 More common in CD (10–20%) than UC (5–14%)  [  19  ]  and in women 
 [  15  ]  

 Sacroiliitis and ankylosing spondylitis (AS) 

 Episodic, migratory, asymmetric, and usually nonerosive arthritis; 
commonly involving large joints; may precede (in Crohn’s)  [  23  ] , or follow 
development of intestinal symptoms 

 90% of patients with AS have HLA B27 positivity—helpful in 
early diagnosis  [  19  ]  

 Type I-large joint pauciarticular (acute, self-limiting and parallels IBD); 
type II-polyarticular (persistent and independent of IBD)  [  35  ]  

 IBD-associated antibody can occur in 55% of AS patients 
without clinical IBD. ASCA (IgA and/or IgG), pANCA and 
OmpC antibodies occur in 21%, 30%, and 19% of the AS 
patients, respectively  [  89  ]  

 Runs parallel to underlying gut disease  Sacroiliitis and AS do not depend on the duration, extent, or 
severity of bowel involvement  [  80  ]  and remain progressive 
irrespective of gut disease 

 NSAIDs can cause exacerbations in IBD  [  90  ] ; however COX-2 inhibitors 
may be safe  [  19  ]  
 Responds when underlying IBD improves. Sulfasalazine and in fl iximab 
have been used  [  19  ]  
 Colectomy appears protective  [  15  ]  

 Treatment involves NSAIDs/COX-2 inhibitors, in fl iximab and 
adalimumab. Methotrexate and sulfasalazine not proven useful. 
Etanercept is useful in AS, but contraindicated in CD  [  19  ]  
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   Hepatitis B 

 The prevalence of EHM in Hepatitis B is up to 20% and 
includes myalgia, arthralgias (3%), Sjogren’s (3%), Raynaud’s 
(2%), cryoglobulinemia (2%), and polyarteritis nodosa (PAN) 
 [  45,   46  ] . A causal relationship has been established between 
HBV and PAN with HBV as the inciting agent  [  47  ] . The 
pathophysiology involves intrasynovial immune complexes 
comprised of HBsAg and antibodies affecting complemen-
tary cascade  [  48  ] . Polyarthritis during the initial phase with 
spontaneous remission  [  49  ] , affecting  fi nger joints similar to 
RA but nonerosive, associated occasionally with rheumatoid 
factor positivity is seen  [  47,   48  ] . Post-HBV vaccination PAN 
has been cited  [  50  ] .  

   Hepatitis C 

 Arthralgias and arthritis are the most common EHM of 
HCV and do not correlate with liver disease severity 
 [  44  ] . Two subtypes are rheumatoid-like symmetrical, 
polyarticular, nonerosive involving small joints and 
cryoglobulin-related (older patients with longer HCV 
infection) mono- or oligoarticular  [  51  ] . Testing for anti-
cyclic citrullinated peptide helps distinguish HCV 

arthropathy from rheumatoid arthritis (RA)  [  44  ] . 
Pathogenesis includes synovial damage by viral  invasion, 
cryglobulin-induced immune complexes in synovial 
 fl uid  [  44  ] , increased CD15 expression, and increased 
angiogenesis; the lesions are characterized by mild syn-
ovial lining hyperplasia  [  52  ] . Treatment of arthropathy 
is by NSAIDs, low-dose  short-term prednisone, 
DMARDs (if concomitant RA), antiviral agents, and 
immune suppressants (for cyroglobulinemia-related 
arthropathy)  [  44  ] . Essential Mixed Cryoglobulinemia 
(Raynaud’s phenomenon, arthralgias, peripheral 
 neuropathy, vasculitis, diffuse glomerulonephritis, and 
hepatosplenomegaly) with emphasis on lymphoprolif-
eration  [  53  ]  and rheumatoid  factor positivity  [  54  ]  is 
noted; the risk factors include increased age, female 
gender, and longer duration of disease  [  41  ] . 

 Polymyositis  [  55  ] , RA, and systemic lupus erythematosus 
(SLE)  [  56  ]  are associations with Sicca syndrome  [  57  ] . 
Pegylated interferon alpha treatment in HCV inducing RA is 
also reported  [  58  ] . Since HCV infection causes a variety of 
rheumatological symptoms, it is prudent to check for HCV in 
a patient with unde fi ned rheumatological symptoms  [  59  ]  as it 
helps avoid the use of hepatotoxic drugs in those identi fi ed 
with HCV arthropathy. There is a reported association between 
antineuronal antibodies and mixed cryoglobulinemia  [  60  ] .   

  Fig. 69.1    Pathogenesis of 
extraintestinal manifestations of 
in fl ammatory bowel disease. 
Reprinted with permission from 
Lippincott Williams and Wilkins 
Inc.  [  103  ]        
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   Pancreatic Disorders 

 Medullary fat necrosis (lytic lesions of bone) may occur in 
acute pancreatitis. Ductal pancreatic adenocarcinomas are 
typically a disorder seen in the old  [  61  ] . Carcinoma of pan-
creas may be associated with polyarthritis, usually symmet-
ric involvement of small joints of wrists, hands, and feet and 
sometimes large joints. Panniculitis, referring to in fl ammation 
of subcutaneous fat with necrosis forming multiple subcuta-
neous nodules resembling erythema nodosum, is seen in car-
cinoma of pancreas  [  14  ] , pancreatitis, pancreatic pseudocysts, 
pancreatic duct stenosis, and vascular pancreatic  fi stulas 
 [  62  ] . It is associated with arthritis (54–88% involving usu-
ally ankles but also hands and feet)  [  62  ]  and eosinophilia 
and can precede diagnosis of pancreatic disease by years 
 [  41  ] . Circulating lipase is the inciting agent which appar-
ently causes fat hydrolysis and subsequent in fl ammation. 
Arthritis involves multiple osteolytic lesions, loss of joint 
space, and sometimes periostitis, osteonecrosis, osteosclero-
sis, and fractures and is independent of the pancreatic pro-
cess. MRI has the best sensitivity for detection of fatty bone 
marrow involvement  [  63  ] . Early recognition is important to 
avoid inappropriate treatment to improve joint symptoms 
 [  64  ] . Panniculitis, polyarthritis, and pancreatitis syndrome 

have been reported in 0.3–3% of pancreatic diseases and are 
associated with increased mortality  [  65  ] . There has been a 
report of polyarthritis and panniculitis in a patient with pan-
creatic pseudocyst where the polyarthritis resolved after 
EUS-guided cyst-gastrostomy  [  66  ] .  

   Celiac Disease 

 Up to 34% of patients with newly diagnosed celiac disease 
are 60 years and older  [  61,   67  ] . It occurs in patients with HLA 
DQ2 or DQ8 triggered by gluten ingestion causing diarrhea, 
malabsorption, and malnutrition. The common serologic tests 
include antitissue transglutaminase IgA and antiendomysial 
IgA antibodies. Articular involvement is seen in celiac patients 
and usually presents as acute nonerosive arthritis, involving 
axial or peripheral joints  [  68  ] . A recent study reported sacro-
iliitis in 70% of celiac patients showing accumulation of 
 synovial  fl uid, synovitis, erosion with concomitant sclerosis, 
with the majority clinically asymptomatic while on a gluten-
free diet, though subclinically, the joint pathology was 
 progressive  [  69  ] . Joint pain may precede the diagnosis by 
years in advance and respond to a gluten-free diet  [  70  ] . Other 
features include osteomalacia and osteoporosis  [  63  ] .  

   Table 69.4    Nonviral liver disorders and arthropathy   

 Liver disorder  Related arthropathy 

 Primary biliary 
cirrhosis (PBC) 

 50% in the over 65 years age group  [  91  ]  
 Osteoporosis  [  92  ] , rheumatoid arthritis, scleroderma, CREST syndrome, polymyositis, sarcoidosis, hypertrophic 
osteoarthropathy  [  14  ] , Sjogren’s syndrome  [  93  ]  
 RA and PBC are associated with  CTLA4/ICOS  risk alleles and haplotypes  [  94  ]  

 Autoimmune 
hepatitis (AIH) 

 Rheumatoid arthritis, vasculitis, and temporal arteritis common in the over 65-year age group  [  91  ]  
 Autoimmune hepatitis-type I in young females—antinuclear antibody positive; type II strongly associated with hepatitis 
C—anti-LKM1 positive; type III females—antisoluble liver antigen, antinuclear and antismooth muscle positive  [  14  ]  

 Liver cirrhosis  Hypertrophic osteoarthropathy which involves periosteal reactions along shafts of long bones  [  14  ]  
 Osteoporosis (risk factors include female sex, cholestasis, and low height and weight)  [  95  ]  
 Sterno-clavicular septic arthritis  [  96  ]  

 Hereditary 
hemochromatosis 
(HH) 

 Premature osteoarthritis of wrists, metacarpophalangeal joints (commonly index and middle  fi nger) with limited 
 fl exion—iron  fi st sign  [  97  ] , knees, and spine with subchondral cysts, joint space narrowing, and osteophyte 
formation seen in radiography  [  43  ]  
 Prevalence of arthropathy is 24–81% in hereditary hemochromatosis; deposition of iron over synovial lining cells 
differentiates HH from secondary hemochromatosis  [  97  ]  
 Ferritin is a proin fl ammatory cytokine and could be detrimental to joint  [  97,   98  ] ; damage is irreversible even with 
regular venesection  [  97  ]  
 Iron overload is a major determinant of arthropathy more so than occupational factors  [  99  ] . Chondrocalcinosis 
predicts more severe or extensive disease  [  97  ] ; female gender predicts more deterioration  [  100  ]  
 Osteomalacia, osteoporosis, and renal rickets 
 Present in the elderly and males who are homozygous for the C282Y gene and survive into old age without clinical 
or biochemical abnormalities  [  91  ]  
 Treatment includes NSAIDs, analgesics, and joint arthroplasty  [  97  ]  

 Post liver transplant  Inpatients: osteoarthritis, peripheral neuropathy, and myalgia 
 Outpatients: infection and crystal arthritis secondary to tacrolimus  [  101  ]  

 Malignancy  Hypertrophic osteoarthropathy, polyarthritis and vasculitis  [  102  ]  
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   Whipple’s Disease 

 Whipple’s disease, caused by a bacterium  Tropheryma whip-
plei , is a malabsorption syndrome involving the small intes-
tine, also affecting the joints, CNS, and cardiovascular system. 
Rheumatological manifestations include nondeforming, 
migratory, symmetrical polyarthritis involving knees, ankles, 
and wrists. Sacroiliitis can also occur  [  49  ] . It has also been 
reported in the elderly  [  71  ] . Arthralgia can precede intestinal 
and neurological manifestations  [  72  ] . A sensitive PCR assay 
may detect  T. whipplei  DNA in patients with classic symptoms 
but negative PAS staining on duodenal biopsies  [  73  ] . Patients 
with joint disease must be screened for Whipple’s, as it is a 
fatal condition and the patient should not receive immunosup-
pressive agents  [  74  ] . The effi cacy of antibiotics in polyarthritis 
could be a clue suggesting Whipple’s disease  [  75  ] .  

   Postsurgical Arthritis 

 Postbypass articular symptoms begin usually within 3 years 
of surgery and involve multiple joints, lasting days to weeks, 
and usually resolve with reanastomosis of the bypassed 
bowel  [  49  ] . Polyarthritis and arthralgias have been reported 
years after surgery in 8–36% of patients. Female gender and 
jejunocolic rather than jejunoileal bypass surgery are risk 
factors for arthropathy. Case report of bowel associated 
arthritis-dermatitis syndrome (BADAS) has been reported 
postlaparoscopic gastric bypass (bariatric) surgery  [  76  ]  and 
postjejunoileal bypass surgery  [  77  ] . Raynaud’s phenomenon 
is noted in a third of patients. Subjective joint pain and ten-
derness are severe but abrupt episodes of in fl ammation may 
also develop. Tenosynovitis of the knee, wrist, ankle, shoul-
der, and  fi nger joints are common. Marginal erosions may be 
seen in X-rays with predominance of polymorphs in synovial 
 fl uid. HLA B27, antinuclear antibodies are usually negative 
with positive immune complexes. Treatment involves the use 
of NSAIDs, glucocorticoids, and tetracycline; the last drug 
decreases bacterial overgrowth in the gut and can provide 
prolonged relief. Severe cases require reanastomosis. 
Spondyloarthropathy has been reported post-Whipple proce-
dure for a biliary tract carcinoma; it also represents a rheu-
matic syndrome developing from GI disruption  [  78  ] .  

   Other Disorders 

 Wilson’s disease is associated with osteomalacia, rickets, chon-
drocalcinosis, periarticular calci fi cation, and premature osteoar-
thritis. In one instance, reversal of arthropathy was reported 
following liver transplantation  [  79  ] . Familial Mediterranean fever 
involves abdominal pain, serosal in fl ammation, asymmetric 

nondestructive mono- or oligoarticular disease at times with 
chronic destruction. Behcet’s disease is a triad with oral and genital 
ulceration, with in fl ammatory eye disease and presents with self-
limiting mono- or oligoarticular disease  [  80  ] . Atypical rheumatic 
manifestations may depict underlying occult neoplasm  [  81  ] . 

  Key Points 

    A major association between reactive joint pain and HLA-• 
B27 has been found for  Salmonella ,  Shigella , and  Yersinia  
but not for  Campylobacter  and  Escherichia coli .  
  The common presentations in in fl ammatory bowel dis-• 
ease (IBD) include peripheral arthritis, isolated sacroilii-
tis, spondylitis, enthesitis, dactylitis, and arthralgias.  
  About 36% of IBD patients have at least one extraintesti-• 
nal manifestation (EIM). Peripheral arthritis in IBD 
responds when underlying IBD improves while axial 
arthropathy is progressive irrespective of IBD activity.  
  Osteoporosis, rheumatoid arthritis, scleroderma, CREST • 
syndrome, polymyositis, sarcoidosis, hypertrophic 
osteoarthropathy, Sjogren’s syndrome are common mani-
festations of primary biliary cirrhosis.  
  Premature osteoarthritis of wrists, metacarpophalangeal • 
joints (commonly index and middle  fi nger) with limited 
 fl exion—iron  fi st sign, knees and spine with subchondral 
cysts, joint space narrowing, and osteophyte formation 
are seen in hereditary hemochromatosis.  
  EHM of hepatitis B include myalgia, arthralgias, Sjogren’s, • 
Raynaud’s, cryoglobulinemia, polyarteritis nodosa (PAN).  
  Two subtypes of arthritis in    hepatitis C include rheuma-• 
toid-like symmetrical, polyarticular, nonerosive involving 
small joints and cryoglobulin-related (older patients with 
longer HCV infection) mono- or oligoarticular disease.  
  Carcinoma of pancreas may be associated with polyar-• 
thritis, usually symmetric involvement of small joints of 
wrists, hands, and feet and sometimes large joints.  
  Panniculitis resembling erythema nodosum is seen in car-• 
cinoma of pancreas and pancreatitis.  
  Articular involvement in celiac patients usually presents as • 
acute nonerosive arthritis, involving axial or peripheral joints 
and may precede the diagnosis of celiac disease by years.  
  Rheumatological manifestations of Whipple’s disease • 
include nondeforming, migratory, symmetrical polyar-
thritis involving knees, ankles, and wrists and sacroiliitis.          
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         Introduction 

 As the human body ages, changes in metabolism and lifestyle 
occur, resulting in comorbidty, variably affecting the gastro-
enterological tract. Aging is associated with gastrointestinal 
physiological and pathological manifestations  [  1  ] . Several 
gastrointestinal (GI) diseases increase the risk speci fi cally 
for associated skin disorders. Dermatological manifestations 
may be coincidental clinical associations, complications of 
GI illness, or secondary to therapy administered for the GI 
disorder. Cutaneous manifestations of GI disease in the 
elderly will be reviewed for various sections of the GI 
system.  

   Oral Cavity 

 Manifestations in the older adult’s pharynx and oral cavities 
include Kaposi’s sarcoma and  Candida . In 1872, Kaposi  fi rst 
described  idiopathisches multiples Pigmentsarkom der Haut , 
which has become known as Kaposi sarcoma (KS)  [  2  ] . 
Kaposi’s sarcoma presents itself as blue, red, or purple-
brown patches, papules, plaques, or cutaneous nodules of 
the mucosa, larynx, trachea, stomach, liver, and colon; it is 
prevalent in elderly men of Mediterranean origin  [  3  ] . It is a 
multifocal, vascular, endothelial tumor caused by immuno-
suppression. Oral lesions are more common in those with 
AIDS acquired through blood transfusion, sexual transmis-
sion, or IV drug use, compared to those with traditional KS 
(Fig.  70.1 ).  

 Recently, HHV-8 KS associated herpes virus was identi fi ed 
and linked closely with all four types of Kaposi sarcoma, i.e., 
classic (traditional), endemic (African), epidemic (AIDS 
related), and iatrogenic (related to immunosuppression)  [  3,   4  ] . 
Nearly all of those with oral lesions manifest the disease in the 
GI tract. The histopathology in the early stage lesions show 
irregularly dilated, jagged, anastomising   , thin-walled vascular 
slits containing erythrocytes  [  5  ] . Vascular proliferations sur-
rounded by spindle cells that spread are seen in later plaque 
and nodular stage lesions. Treatment is based on the extent of 
the disease and patient’s immune status. The Klein regimen, 
using vinblastine, has been shown to effectively treat KS with-
out compromising the immune system  [  6  ] . Other treatments 
include nonintervention, surgical removal of severely affected 
areas, radiotherapy, chemotherapeutic agents, nonspeci fi c 
immunotherapy, and cessation of immunosuppressive therapy 
in iatrogenically immunosuppressed patients. 

 Humans carry yeast fungi, including various  Candida  
species, throughout the gastrointestinal tract as part of the 
normal commensal  fl ora.  Candida albicans  is the causative 
species that invades keratinized and nonkeratinized surfaces 
 [  7  ] . Candidiasis presents as beefy, red, moist patches and 
plaques on skin, nails, and mucous membranes, especially 
on the tongue (Fig.  70.2 ). Thrush refers to the white cottage-
cheese-like coating    of  Candida  that can be scraped off the 
tongue (Fig.  70.3 ).  Candida  species are a common cause of 
intertrigo and fungal infection in elderly, diabetic, and immu-
nocompromised patients.   

 Gastrointestinal tract candidiasis may be oropharyngeal, 
esophageal, and nonesophageal.  Candida  species currently 
are the fourth leading cause of bloodstream infections in the 
United States, with occurrence at a disproportionately high 
rate in persons aged 65 years and older  [  8  ] . Patients with 
oropharyngeal candidiasis usually have symptoms of soreness 
in the oral cavity, burning mouth or tongue, dysphagia, or 
thrush. Angular chelitis, an in fl ammatory reaction of candidi-
asis, causes soreness, erythema, and  fi ssuring in the perioral 
areas. Esophageal candidiasis presents as dysphagia and 
odynophagia. 
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 Oral candidiasis in adults can be treated with a topical 
(nyastatin) or oral antifungals ( fl uconazole) daily depending 
on the severity of the disease. Treatment of intertrigo associ-
ated with candidiasis combines protective agents, antimicrobials, 
and topical steroids. Petrolatum-based barrier products such as 
zinc oxide ointment should be applied. A nongreasy alterna-
tive is Tetrix, a prescription dimethicone barrier cream. 
Candidal intertrigo can also be treated with  fi lter paper soaked 
in Castellani paint  [  9  ] . Benzoyl peroxide wash may also be 
used to cleanse subacute intertrigo. Candidiasis, if not treated, 
may progress to sepsis, often a fatal complication.  

   Esophagus and Stomach 

 Esophageal disease with cutaneous manifestations includes 
Plummer–Vinson syndrome (PVS), epidermolysis bullosa 
(EB), scleroderma, and pemphigus vulgaris. PVS, also known 

as Paterson–Brown Kelly syndrome, denotes the collection of 
postcricoid dysphagia, upper esophageal webs, and iron 
de fi ciency anemia  [  10  ] . Signs of PVS include the mucocuta-
neous  fi ndings of brittle, spoon-shaped nails, early loss of 
teeth, cheilosis, tongue atrophy, and angular stomatitis, along 
with iron de fi ciency anemia and the clinical complaint of dys-
phagia  [  11  ] . Diagnosis involves laboratory evaluation to 
con fi rm the presence of iron de fi ciency anemia. 

 Tylosis describes a group of inherited disorders of kerati-
nization characterized by hyperkeratosis of the palms and 
soles. Hyperkeratosis of the soles suggests tylosis and calls 
for evaluation for gastrointestinal malignancy, psoriasis, or 
eczema. There are several types of inheritance. One rare 
form is inherited in a dominant fashion. Clinical signs are 
diffuse hyperkeratosis of the palms and soles and can lead to 
the development of esophageal cancer  [  12  ] . Management of 
esophageal carcinoma is based on tumor extent. Surgery is 
the standard treatment option for early stages, but for cancer 
that is con fi ned to the mucosa, mucosal resection is an 
alternative  [  13  ] . 

 Epidermolysis bullosa describes a rare group of inherited 
diseases that cause fragile skin  [  14  ] . It is characterized 
by subepidermal blistering of the skin and mucous mem-
branes. Immunologically, EB is characterized by the presence 
of immunoglobulin G (IgG) autoantibodies (in most patients) 

  Fig. 70.1    Kaposi’s sarcoma of palate in HIV patient       

  Fig. 70.2    Candiasis of the mouth       

  Fig. 70.3    Candiasis showing white exudates       
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targeting the noncollagenous (NC1) domain of type VII col-
lagen. Clinically, there are three forms of EB depending on 
the layer of blister formation: dystrophic (beneath lamina 
densa), junctional (within the lamina lucida), and simplex 
(intraepidermal). They can be distinguished by electron 
microscopic localization of the basement membrane layer 
separation. Nutritional de fi ciency, anemia, and stunted 
growth may develop over time. Patients with junctional EB 
have many of the complications of dystrophic EB and may 
develop pyloric atresia  [  15  ] . Therapy includes change to a 
softer diet and surgical excision. 

 Scleroderma and systemic sclerosis denote a systematic 
disease of unknown etiology that causes  fi brotic change in 
the skin, blood vessels, lungs, heart, kidneys, and GI tract 
 [  16  ] . Esophageal symptoms can include premature fullness, 
re fl ux esophagitis, dysphagia, and epigastric pain. As many 
as 90% of patients with scleroderma demonstrate GI mani-
festations  [  17  ] . Manifestations are a result of excess collagen 
production, enhanced immunologic activity, and improper 
cellular immunity response. Dermatological manifestations 
are progressive and begin with edema of face, hands, or feet 
(Fig.  70.4 ). The acronym “CREST” has been associated with 
scleroderma which stands for the symptoms of calcinosis, 
Raynaud’s phenomenon, esophageal dysmotility, sclerodac-
tyly, and telangiectasia. The abnormal build up of  fi brous tis-
sue in the skin can result in sclerodactyly. This skin tightening 
is so severe that the  fi ngers curl and lose their mobility. 
Curved nails or periungual telangiectasia may be present. 
Telangiectasia was present in 56% of patients with systemic 
sclerosis in a study and associated with esophageal, heart, 
and lung disease, calcinosis and pitting scars; the study sug-
gested that telangiectasia may be a marker of esophageal 
involvement  [  18  ] . Raynaud’s phenomenon is a vasospastic 
disorder that causes discoloration of the  fi ngers, toes, and 

other areas. It is caused by a decrease in blood supply to the 
various regions. Raynaud’s phenomenon is the initial presen-
tation for 70% of patients with scleroderma. Oral administra-
tion of cipro fl oxacin for 6 months has been shown to reduce 
the severity of dermal symptoms, through anti fi brotic action 
and without secondary effects  [  19  ] .  

 Stevens–Johnson syndrome (SJS) is a mucocutaneous dis-
order,  fi rst described as a febrile erosive stomatitis, severe 
conjunctivitis, and disseminated cutaneous eruption  [  20  ] . 
Infection, vaccination, drugs, systemic diseases, physical 
agents, and food have been implicated as causes of SJS, how-
ever, drugs are most commonly blamed. Antibiotics are the 
most common cause of SJS. Other drugs that may cause the 
disease are analgesics, cough and cold medication, nonsteroi-
dal anti-in fl ammatory drugs (NSAIDs), psychoepileptics, 
and antigout drugs. Most patients are treated symptomati-
cally due to the systemic nature of the disease. Fluid manage-
ment, nutrition, insulin therapy, blood and urine tests are 
control options. Silver sulfadiazine should be avoided and 
instead 0.5% silver nitrate or 0.05% chlorhexidine should be 
used to bathe affected areas. Skin allotransplantation reduces 
pain, minimizes  fl uid loss, improves heat control, and pre-
vents bacterial infection. Hyperbaric oxygen can improve 
healing. Systemic corticosteroid treatment should be short-
term, high-dose intravenous therapy. The effect of systemic 
steroids or IV immune globulin on either the development or 
the outcome of ocular manifestations in SJS and toxic epider-
mal necrolysis (TEN) remains understudied. 

 Acanthosis nigricans (AN) is a brown to black, ill de fi ned, 
brown-to-black velvety hyperpigmentation of the skin, found 
in the posterior and lateral folds of the neck, the axilla, and 
groin (Fig.  70.5 ). It is associated with several endocrine 
disorders such as diabetes, hypo- and hyperthyroidism, 
Cushing’s syndrome, and internal malignancy, typically an 

  Fig. 70.4    Scleroderma of face         Fig. 70.5    Acanthosis nigricans on neck       
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adenocarcinoma in the GI tract. This relatively common skin 
disorder manifests hyperpigmented macules that can progress 
into palpable plaques. Patients usually present with a thick-
ened, dark skin with pruritis. Skin markings on the palmar 
surface of the hands are seen, termed acanthosis palmaris. 
AN can be benign and malignant. Lesions of benign AN may 
occur at any age, including at birth, but more commonly in 
the adult population. Malignant acanthosis nigricans occurs 
more frequently in the elderly  [  21  ] .  

 There are speculations as to the etiology of AN with a 
plethora of systemic diseases associated with AN. Tissue 
resistance to insulin and factors that stimulate epidermal 
keratinocyte and dermal  fi broblast proliferation may play an 
important role in the pathogenesis of AN. The de fi nitive 
cause for AN is not clear, with several possibilities researched. 
Tumors may activate insulin-like growth factors or their 
receptors in the epidermis. Many syndromes of AN have 
been identi fi ed sharing common features, including obesity, 
hyperinsulinemia, and craniosynostosis. These have been 
subdivided into insulin-resistance syndromes and  fi broblast 
growth factor defects  [  21  ] . At low concentrations, insulin 
binds to insulin receptors; at high concentrations, it binds to 
insulin-like growth factor receptors on keratinocytes or 
 fi broblasts  [  22  ] . Another possibility may be that lytic fac-
tors produced by cancer cells may weaken the extracellular 
matrix. The possibility of an intra-abdominal malignancy 
should always be considered, especially in the absence of an 
obvious predisposing condition  [  23  ] . There is no gender 
difference for AN  [  24  ] . The disorder is commonly associated 
with obesity. 

 The presence of tripe palms heralds an underlying cancer 
in most; tripe palms refer to the thick velvety palms with 
prominent dermatoglyphics. The malignancies associated 
with AN include adenocarcinoma (85% of cases), of which 
gastric carcinoma is present in 60%. Prognosis is very poor 
for these patients, with a 1-year mortality rate of greater than 
50%. With successful tumor resection, the skin lesions often 
disappear spontaneously over time. No direct treatment for 
AN exists, however the underlying disease causing AN can 
be treated. Oral or topical retinoids have been used in treat-
ment with varying success  [  25,   26  ] . Correction of hyperinsu-
linemia often reduces the burden of hyperkeratotic lesions. 
Weight reduction in obesity-associated acanthosis nigricans 
may result in resolution of the dermatosis. AN is treated with 
a systemic understanding using a variety of methods.  

   Liver and Pancreas 

 Hemochromatosis is a metabolic disorder of iron over-
load leading to excess deposition in hepatocytes, myocar-
dium, and other visceral cells. Dermatologic manifestation 
of hemochromatosis includes skin hyperpigmentation. 

Associated disorders include cirrhosis, diabetes mellitus, and 
cardiac failure. Skin discoloration is a characteristic diffuse 
gray or brown-bronze color, in the face, neck, arms, genita-
lia, buccal mucosa, or conjunctiva. Other characteristics 
include skin atrophy, ichthyosis, partial hair loss (often in the 
pubis), and koilonychia  [  27  ] . 

 The hereditary form of hemochromatosis is inherited as 
an autosomal recessive trait, with 10% of the American pop-
ulation carrying the mutation in the responsible  HFE . Two 
mutations in the  HFE  gene have been described. The  fi rst, 
C282Y, comprises the substitution of tyrosine for cysteine at 
amino acid position 282. In the second, H63D, aspartic acid 
is substituted for histidine in position 63     [  26  ] . It is expressed 
more in males than females, in fl uenced by the menstruation 
cycle and typically manifests clinically after 40 years of age 
when body iron stores reach 15–40 g or more  [  28  ] . General 
symptoms comprise chronic fatigue, weakness, lethargy, 
and apathy. Fatigue is common in hemochromatosis and 
signi fi cantly more in those homozygous for C282Y. The 
cutaneous hyperpigmentation in hereditary hemochromato-
sis is primarily due to melanin rather than iron  [  27  ] . The 
increase in synthesis of melanin in melanocytes is caused by 
iron deposits that damage skin structure which results in the 
hyperpigmentation often seen in hemochromatosis. 

 The most common GI manifestation with hemochromatosis 
is hepatomegaly, seen in nearly 95% of all patients. Cirrhosis 
may develop in those untreated, leading to complications 
resulting in hemochromatosis-related deaths. Hepatocellular 
carcinoma may also be a complication. Treatments include 
phlebotomy and chelating agents. Phlebotomy does not 
reduce hyperpigmentation immediately. The ef fi cacy of 
treatment is in fl uenced by ferritin levels; evaluation of serum 
ferritin is recommended monthly until the values reach the 
upper limits of normal (300  m g/L in men and 200  m g/L in 
women)  [  29  ] . Patients with anemia cannot undergo phlebotomy. 
Here, iron chelation agents (e.g., deferoxamine, deferiprone, 
deferasirox) are recommended  [  30  ] . Nutritional status 
in fl uences progress and treatment of the disease. Interactions 
between alcohol intake and dietary iron can increase hydroxyl 
free radicals that can cause liver cancer  [  31  ] . 

 Porphyria cutanea tarda (PCT) is the most common por-
phyria in adults. It encompasses a group of familial and 
acquired disorders in which activity of the heme synthetic 
enzyme uroporphyrinogen decarboxylase (UROD) is 
de fi cient  [  32  ] . Sporadic PCT typically manifests in adult-
hood, while double mutations may be severe and observed in 
early childhood  [  33  ] . 

 The patients with the sporadic acquired form of PCT have 
normal UROD DNA sequences, but are exposed to large 
polyhalogenated cyclic hydrocarbons. The familial version 
most often manifests as an autosomal dominant inheritance 
of a single mutation at the UROD locus. A rare recessive 
familial type of PCT in which both  UROD  alleles are mutated 
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is termed hepatoerythropoietic porphyria  [  34  ] . Excess iron 
enhances formation of toxic oxygen species, increasing 
oxidative stress and apparently facilitating porphyrinogenesis 
by catalyzing the formation of oxidation products that inhibit 
UROD  [  35  ] . Diagnosis involves the discovery of increased 
porphyrins in the blood, liver, stool, and urine. 

 The major morbidity of PCT is due to skin damage and 
blistering (Fig.  70.6 ). Daily activities may be hampered 
severely. Secondary erosions may cause epidermal loss and 
infections. Healing is slow and painful, causing atrophic 
scars. Cutaneous  fi ndings are characterized by skin photo-
sensitivity with increased skin fragility, facial hypertrichosis, 
blisters, scarring with milia formation, and skin hyperpig-
mentation on the hands and other sun-exposed areas. Urine 
may be grossly discolored with a tea- or wine-colored tint.  

 Treatment involves removal of extrinsic triggers. Iron and 
estrogen supplementation may reduce symptoms. Also, alco-
hol intake should be cautioned to reduce the creation of 
increased free radical activity. Patients should avoid sunlight 
exposure for maximum defense against photosensitivity. 
Phlebotomy in severe cases may decrease the total iron load 
and lead to improvement. It may improve scleroderma-like 
skin manifestations, but not liver cell function. Chelation 
with desferrioxamine is an alternative means of iron mobili-
zation when phlebotomy is not practical  [  36  ] . Human recom-
binant erythropoietin can stimulate erythropoiesis if the 
patient is anemic. 

 Pancreatic fat necrosis describes the association of skin 
nodules with pancreatic disease. Painful or painless cutane-
ous lesions are seen on the legs, buttocks, and trunk  [  37,   38  ] . 
Pruritis of lower extremities progresses to skin nodules 

with tenderness. These nodules drain white, pus-like exudates. 
An atrophic scar and hyperpigmentation usually results 
after healing. Patients with pancreatic cancer and pancreati-
tis have a tendency to manifest pancreatic fat necrosis. Lipolytic 
enzymes may contribute to development of subcutaneous 
nodules. 

 Glucagonoma, a rare tumor of the alpha cells of the 
pancreas, is characterized by normocytic normochromic 
anemia, psychological illness, and mild diabetes mellitus is 
associated with necrolytic migratory erythema (Fig.  70.7 ).  

 Lichen planus (LP) is a cutaneous manifestation of a vari-
ety of liver diseases. It is a pruritic, papular eruption. Papules 
are purple, polygonal, and have  fl at surfaces that affect the 
skin and mucous membranes. Microscopic examination may 
detect the presence of white or gray linear marks known as 
Wickham striae, found anywhere on the epidermis, com-
monly affecting the wrists, ankles, shins, lower back, and 
genitalia. Genital involvement is common in men with LP. 
Vulvar involvement in women can include reticulated pap-
ules and severe erosions. Hyperpigmentation, subungual 
hyperkeratosis, onycholysis, and longitudinal melanonychia 
can result from lichen planus  [  39  ] . 

 Lichen planus is most likely an immunologically mediated 
reaction. Its origin is unknown but may be associated with 
ulcerative colitis, alopecia areata, vitiligo, dermatomyositis, 
morphea, lichen sclerosis, and myasthenia gravis. In a meta-
analysis, 16% of patients with lichen planus had hepatitis-C 
infection  [  40  ] . Hepatitis should be considered in patients 
with widespread or unusual presentations of lichen planus. 
Atrophy and scarring are seen in the hypertrophic lesions 
and lesions of the scalp. Cutaneous lichen planus does not 

  Fig. 70.6    Porphyria cutanea tarda (PCT)       
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have a higher risk of skin cancer, but ulcerative lesions in the 
mouth, particularly in men, have a higher incidence of malig-
nant transformation  [  41  ]  (Fig.  70.8 ). More than two-thirds of 
patients are aged 30–60 years; however, lichen planus can 
occur at any age  [  42  ] .  

 LP usually resolves by itself within 8–12 months. 
Fluorinated topical steroids can be used to treat mild cases. 
Class I or II ointments are generally used for them. Systemic 
steroids can be used for symptom control. Many practitioners 
prefer intramuscular triamcinolone 40–80 mg every 6–8 weeks. 
Oral acitretin has been shown to be effective  [  43  ] . LP of the 
oral mucosa can be treated with topical steroids. Topical 
immunomodulators and systemic immunosuppressives are 

used for more severe cases. These include thalidomide, 
azathioprine, mycophenolate mofetil, and systemic retinoids.  

   Intestines 

 Peutz–Jeghers syndrome (PJS) is an autosomal dominant 
inherited disorder characterized by intestinal hamartomatous 
polyps in association with mucocutaneous melanocytic mac-
ules. The cause of PJS appears to be a germline mutation of 
the serine threonine kinase ( STK11 ) genes  [  44,   45  ] . The risk 
of cancer increases with the presence of the gastrointestinal 
polyps  [  46  ] . 

 Dermatological manifestations of PJS include mucocutane-
ous pigmentation and melanin spots, appearing as small,  fl at, 
brown spots resembling freckles. The lesions most commonly 
are found on the lips in 95% of patients. The buccal mucosa, 
palms of hands,  fi ngers, nose, gingiva, eyelids, and hard palate 
can also be affected. Cutaneous lesions fade away over time. 
Ruby and argon lasers successfully eradicate the mouth pig-
mentation. Care includes regular surveillance for cancers 
involving the breast, ovary, testicle, cervix, thyroid, and other 
tissues  [  47  ] . Genetic counseling should be provided. 

 Blue rubber bleb nevus syndrome is a rare sporadic or 
autosomal dominant disorder characterized by the combina-
tion of cutaneous vascular malformations in association with 
visceral lesions causing GI bleeding  [  48,   49  ] . The clinical 
manifestations most often present in birth or early childhood, 
although some cases may not be identi fi ed until adulthood. 
The skin lesions range from 1 to over 100 and take three 
forms: nontender soft nodules that leave behind a blue empty 
sac that re fi lls rapidly with blood when compressed (blue 
rubber nipple, Fig.  70.9 ), blue-black tender macular lesions 
distributed on the extremities (Fig.  70.10 ) and trunk, and 
large hemangiomas (up to 10 cm in diameter) that may inter-
fere with limb or organ function.   

 Treatment depends on the severity of the diseases. For 
mild blood loss over time, management includes monitoring, 
iron replacement, and blood transfusions as needed; endo-
scopic therapy with bipolar electrocautery or YAG laser may 
be necessary. A report of blue rubber bleb nevus syndrome 
indicated the successful use of interferon-beta to treat the 
manifestations of disseminated intravascular coagulation in a 
patient with disseminated skin and GI venous malformations 
 [  50  ] . Surgical resection of affected areas may be required. 

 Gardner syndrome is a variant of familial adenomatous 
polypsis  [  51  ] , inherited as an autosomal dominant trait and 
characterized by GI polyps, multiple osteomas, and skin and 
soft tissue tumors. Dermatologic manifestations include epi-
dermoid cysts, desmoid, and other benign tumors  [  52  ] . 
Gardner syndrome is genetically linked to band 5q21, the 
adenomatous polyposis coli locus  [  53  ] . The cutaneous 
 fi ndings may require excision if they become severe. 

  Fig. 70.7    Glucagonoma (courtesy C.S. Pitchumoni, MD)       

  Fig. 70.8    Oral lichen planus       
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 Dermatitis herpetiformis (DH) is an autoimmune blistering 
disorder associated with a gluten-sensitive enteropathy 
(GSE). It is characterized by localized excoriations, ery-
thematous, urticarial plaques, and papules with vesicles. It is 
extremely pruritic and manifests on the elbows, knees, back, 
and buttocks (see Figs.  70.11  and  70.12 ). Many patients with 
celiac disease develop dermatitis herpetiformis. Celiac disease 
(CD) also an autoimmune disorder of the small intestine, 
affects persons of all ages, manifesting as atrophy of intesti-
nal villi with resultant malabsorption and consequent clinical 
manifestations  [  54  ] . The cause of dermatitis herpetiformis is 
the deposition of IgA in the papillary dermis triggering an 
immunologic response to the chronic stimulation of the gut 
mucosa by dietary gluten. Treatment includes a gluten-free 
diet and pharmacotherapy  [  55  ] .   

 Several cutaneous changes occur in the course of 
in fl ammatory bowel disease (IBD) including pyoderma gan-
grenosum, erythema nodosum, urticaria, and purpura; rarely, 

the lesions occur before the development of colitis, with 
leukocytoclastic vasculitis reported several months before the 
intestinal manifestations became overt  [  56  ] . While Crohn’s 
disease affects the intestines, metastatic Crohn’s disease is a 
rare skin manifestation, with granulomatous changes occur-
ring at sites distant from the bowel. The in fl ammatory postu-
lating skin lesions resolve with corticosteroid therapy  [  57  ] . 
Erythema nodosum refers to nodular, tender in fl ammatory 
lesions involving the subcutaneous fat, occurring typically in 
the legs, especially anterior tibia, more often in women. 
Lesions are nonspeci fi c and occur with a variety of infections, 
such as tuberculosis and at times with  Yersinia ,  Campylobacter,  
and  Shigella . Patients with ulcerative colitis and Crohn’s dis-
ease manifest erythema nodosum when the disease is active 
in up to 10% of cases. Management involves the use of 
NSAIDs and addressing the underlying etiology.  

  Fig. 70.9    Blue nevus on forehead       

  Fig. 70.10    Advanced linear epidermal nevus       

  Fig. 70.11    Dermatitis herpetiformis on buttocks       

  Fig. 70.12    Dermatitis herpetiformis on upper back       
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   Visceral Neoplasms 

 Muir–Torre syndrome (MTS) is a syndrome that combines 
sebaceous neoplasms with visceral malignancies. These 
include sebaceous adenoma, sebaceous epithelioma, seba-
ceous carcinoma, and gastrointestinal or genitourinary carci-
nomas. Sebaceous adenoma is the characteristic marker of 
MTS. These fairly rare benign tumors usually appear as 
yellow papules or nodules in adults. Sebaceous carcinomas 
most commonly occur on the eyelids, where they generally 
arise from the meibomian glands and the glands of Zeiss. 
They also occur on ears, feet, penis, and the labia. MTS has 
an autosomal dominant pattern of inheritance in 59% of cases 
and a high degree of penetrance with variable expression. This 
condition is associated with an inherited defect in one copy 
of a DNA mismatch repair gene ( MMR ), which eventually 
leads to microsatellite instability (MSI)  [  58  ] . The two major 
MMR proteins involved are hMLH1 and hMSH2. 
Approximately, 70% of tumors associated with the MTS 
have MSI. While germline disruption of hMLH1 and hMSH2 
is evenly distributed in HNPCC, disruption of hMSH2 occurs 
in over 90% of MTS patients  [  59  ] . 

 Treatment of MTS involves regular screening for GI and 
genitourinary cancers. In many patients, the skin cancers asso-
ciated with MTS tend to have a nonaggressive course. However, 
approximately 60% of patients reportedly develop metastatic 
disease, with a 50% survival rate calculated at 12 years. 
Lesions outside the head and neck may take a more aggressive 
course. Age at presentation of MTS ranges from young adult-
hood to the elderly, with a median age of 53 years  [  60  ] . 

 Cowden disease, a rare disease of autosomal dominant 
inheritance is characterized by hamartomas in various tissues. 
Cutaneous manifestations include trichilemmomas, acral ker-
atoses, and oral papillomas. Oral lesions are common. Papules 
are 1–3 mm with a smooth surface and a whitish appearance 
and are present in the gingival, labial, and palatal surfaces of 
the mouth in over 80% of patients and acral keratoses are 
 fl esh-colored or slightly pigmented smooth or verrucoid pap-
ules on the dorsal hands and feet, occurring in over 60% of 
patients  [  61  ] . The disease is associated with a variety of 
malignancies, including breast, thyroid, endometrial, cervi-
cal, and colon cancer. GI polyposis occurs in at least 35% of 
patients with Cowden disease. The common sites of polypo-
sis are colon and rectum, although polyps can occur in the 
esophagus, stomach, gallbladder, and small bowel. Cowden 
disease (multiple hamartoma syndrome) is caused by a muta-
tion in the  PTEN  tumor suppressor gene (also termed  MMAC1  
or  TEP1 ) on band 10q23.3. Identical mutations in  PTEN  have 
been described in Bannayan–Ruvulcaba–Riley syndrome 
(BRRS). Cutaneous manifestations of Cowden disease are 
similar in both sexes. Systemic treatments (i.e., acitretin) may 

control some cutaneous manifestations of the disease; 
however, recurrence of lesions is typical after treatment is 
discontinued  [  62  ] . A thorough initial GI evaluation is indi-
cated, with appropriate follow-up care. 

 Cronkhite–Canada syndrome (CCS) is a rare, sporadi-
cally occurring, noninherited disorder reported in 1955 by 
Leonard Cronkhite Jr. and Wilma Canada in patients with 
generalized gastrointestinal polyps, cutaneous pigmentation, 
alopecia, and onychodystrophy. Ectodermal changes (i.e., 
hyperpigmentation, alopecia, nail dystrophy) result from 
malabsorption and protein loss. Most patients are over 50 
years old at presentation. As the etiology is unknown, treat-
ment is mainly symptomatic, with the goals to correct  fl uid, 
electrolyte, and protein loss, and regulate stool frequency. 
The most effective treatment is combination therapy com-
posed of systemic corticosteroids with an antiplasmin, an 
elemental diet, antibiotics, and hyperalimentation (nutri-
tional supplements). CCS may be associated with carcinoma 
of the GI tract.  

   Rare Manifestations: Parasitic Diseases 

  Strongyloides  is a helminthic    pathogen associated with 
infection that is clinically characterized by watery diarrhea, 
abdominal cramping, and urticarial rash.  Strongyloides 
stercoralis  infection is acquired when an individual walks 
barefoot in contaminated soil. The infective  fi lariform larvae 
enter the body through the feet by burrowing into the skin. 
Strongyloidiasis generally presents with diffuse nonspeci fi c 
GI, dermatologic, or respiratory symptoms, and can cause 
diarrhea and cachexia in immunocompromised patients 
who are at a higher risk of disease. Benzimidazoles such 
as thiabendazole, mebendazole, and albendazole are 
antihelmintic agents used to disrupt energy production in 
the parasites. 

 Leishmaniasis is another parasitic mucocutaneous 
disease. Sand fl y bites transmit leishmaniasis; however, 
infection potentially may be transmitted via a congenital 
route, through blood transfusions, or through contaminated 
needle sticks. Mucocutaneous leishmaniasis is considered 
a New World disease and includes infection by  Leishmania 
mexicana, L. amazonensis, L. braziliensis, L. guyanensis,  
and  L. panamensis.  Mucocutaneous disease affects the 
mucous membranes of the mouth, nose, and soft palate, 
causing at times extensive midfacial mutilation and, occa-
sionally, death resulting from airway or nutritional com-
promise   . Local therapy for cutaneous symptoms includes 
cryotherapy, in fi ltration of sodium stibgluconate   , local 
heat therapy, and various topical paromomycin prepara-
tions. Pentavalent antimonials are generally  fi rst-line ther-
apy for cutaneous and mucocutaneous diseases.  
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   Additional Considerations in Older Adults 

 Nutritional de fi ciencies are common in the geriatric popu-
lation, especially in those individuals with poor caretaker 
support. Vitamin C de fi ciency can cause scurvy, resulting 
in follicular keratosis (an outgrowth at the base of hair), 
bleeding of gums and teeth, and delayed wound healing. 
Aribo fl avinosis, caused by lack of vitamin B 

2
  can result in 

magenta tongue, seborrhea, cheliosis, and conjunctivitis 
(Fig.  70.13 ). Dermatologic manifestations of zinc 
de fi ciency include hair loss, skin lesions, diarrhea, and 
wasting of body tissue, besides acne; cutaneous signs 
include hair loss and white spots, bands, or lines on 
 fi ngernails, termed leukonychia. Supplementation of vita-
mins and minerals is recommended in those who do not 
receive adequate nutrition.  

 Older patients are on medications for numerous disor-
ders, including gastrointestinal disease; adverse drug events 
may present as a variety of skin lesions warranting a careful 
medication review. Geriatric patients, especially those bed-
bound and in institutions, often have fecal or urinary incon-
tinence, with perianal incontinence-associated dermatitis, a 
disorder that has received little attention; the disorder must 
be distinguished from often coexisting pressure ulcers  [  63  ] . 
Treatment goals of incontinence dermatitis include removal 
of irritants from the skin, eradication of associated infec-
tions such as candidiasis, and contain or divert incontinent 
urine and stool  [  63  ] . And  fi nally, several skin manifesta-
tions may be the result of intestinal malabsorption and 
motility disorders, rather than a primary immunologic or 
genetic disorders; the skin may thus be considered “the 
mirror of the gut”  [  64  ] . 

  Key Points 

    Skin manifestations are common in GI disease and vary in • 
severity.  
  Topical therapy, pharmacotherapy, changes in diet, topi-• 
cal steroids, systemic steroids, and surgery are options in 
treatment for these dermal disorders.  
  Several systemic disorders such as malnutrition, diabetes, • 
hypo- and hyperthyroidism, obesity, and immunosup-
pressed states can manifest as a variety of mucocutaneous 
manifestations.  
  A careful skin examination may be the clue to pres-• 
ence of underlying disease such as a malignancy in the 
GI tract.  
  Medications used for these skin disorders include topical • 
and systemic steroids, at times in combination with topi-
cal or oral antifungals.  
  Other treatments include nonintervention, surgical • 
removal of severely affected areas, radiotherapy, chemo-
therapeutic agents, nonspeci fi c immunotherapy, and ces-
sation of immunosuppressive therapy in those who are 
iatrogenically immunosuppressed.  
  For geriatric patients with malnutrition, supplementation • 
of vitamins and minerals is recommended in those who 
do not receive adequate nutrition, as skin manifestations 
are common in the malnourished group.          
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         Gastrointestinal Manifestations of HIV Disease 

   Introduction 

 To date, more than 60 million people have become infected 
with the human immunode fi ciency virus (HIV) since the 
beginning of the epidemic in 1981, with 2.7 million newly 
infected people in 2010  [  1,   2  ] . The prevalence of HIV infection 
in adults  ³ 50 years of age (older people/adults) is rapidly 
increasing (25% in 2006  [  3  ] , compared to 20% in 2001  [  4  ] ). 
The US Senate Special Committee on Aging predicts that in 
the year 2015 50% of people infected with HIV will be  ³ 50 
years old  [  5  ] . With the advent of highly active antiretroviral 
therapy (HAART), the progression of HIV infection to 
acquired immune de fi ciency syndrome (AIDS) and related 
deaths has declined. References to patients with AIDS imply 
a CD4 count of <200/mm 3  and/or the presence of opportunistic 
disorder(s). Because of the rise in incidence and improvement 
in survival time, AIDS is becoming increasingly important in 
geriatric practice (see Table  71.1 ).    

   Risk Factors for HIV Infection in Older Adults 

 Sexual contact and injection drug use as risk factors are com-
mon in both young and old adults. Sexual contact amongst 
men who have sex with men (MSM) is the most common 

mode of transmission amongst males of all ages in America, 
followed by injection drug use, heterosexual sex, and blood 
transfusion. However, heterosexual sex is the most frequent 
route of exposure to HIV in older women, with drug abuse 
being second in line  [  6  ] . 

 Contrary to perceptions, older adults remain sexually 
active into late life, with the availability of medication for 
erectile dysfunction enhancing their sexuality. Despite the 
stereotypes, older adults engage in risky behavior includ-
ing unprotected sex, often involving multiple partners and 
prostitutes, in part because they do not consider them-
selves at risk of contracting sexually transmitted diseases 
or fear resulting pregnancy  [  7  ] . Many healthcare provid-
ers do not ask about HIV risk factors in patients  ³ 50 years 
old because they do not perceive this age group as one in 
danger of acquiring HIV infection  [  8  ] . Failure to recog-
nize this risk and unwillingness to discuss sexual prob-
lems with their doctors often leads to late presentation and 
delayed diagnosis in those  ³ 50 years of age  [  9,   10  ] . 
Delayed diagnosis in older adults is associated with higher 
levels of mortality, particularly in the MSM group (see 
Table  71.2 )  [  11–  13  ] .  

 Age-related physiological changes increase the chance of 
acquiring HIV. In both sexes, aging is associated with thymic 
atrophy and decreased cell-mediated immunity  [  14  ] . Anal 
mucosal tear is more common due to thinning of epithelial 
structures in older men and increases the chances of acquir-
ing HIV in MSM. Increased friability and vaginal mucosal 
atrophy in postmenopausal women predispose them to 
mucosal breakdown during intercourse, thus increasing the 
likelihood of infection transmission  [  15  ] .  

   Clinical Features and Gastrointestinal 
Manifestations 

 Gastrointestinal (GI) complications are among the most 
common clinical features of AIDS, largely a result of oppor-
tunistic infections  [  16  ] . Assessment and management of GI 
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manifestations varies with the nature and persistence of 
symptoms, as well as the degree of immunosupression  [  17  ] . 
With HAART, GI complaints are often considered secondary 
to non-HIV related conditions, age associated changes in gut 
structure and motility, or drug toxicity from antiretroviral 
agents  [  18,   19  ] .
    1.    Malnutrition and wasting 
   Malnutrition and weight loss are widely prevalent problems 

in all HIV/AIDS patients, as they are common symptoms of 
various diseases, opportunistic infections, as well as drug-
induced anorexia and nausea. “Wasting syndrome” occurs 
in the  fi nal clinical stage of AIDS and is characterized by 

involuntary weight loss >10% of baseline body weight over 
a 1–2 month period, accompanied by fever or night sweats 
that fail to resolve with antibiotics, or diarrhea occurring 
more than 3 times daily for over a month in duration  [  20  ] . 
Management includes treatment of HIV infection and 
prevention of opportunistic infections with HAART, 
addressing comorbidities and improving appetite with 
pharmacologic agents (see Table  71.3 ).   

    2.    Esophageal and gastric manifestations 
   Dysphagia in HIV patients with thrush and a CD4 count of 

<200/mm 3  usually indicates  Candida  esophagitis (see 
Table  71.4 ). Cytomegalovirus (CMV), the second most 
frequent esophageal infection, usually causes deep mucosal 
ulcerations and occurs when CD4 count falls below 50/
mm 3 . In comparison to  Candida  esophagitis, dysphagia is 
much less common in patients with CMV and the pain is 
more focal; chief complaints include odynophagia or 
severe chest pain  [  21  ] . Esophageal strictures occur as a 
complication of esophagitis from CMV. CMV is not to be 
confused with idiopathic ulcerations; although the latter 
closely resembles CMV both clinically and endoscopi-
cally, their main distinguishing feature is the lack of viral 
cytopathic effect evident on histology and immunohis-
tochemical studies. Ulcerated lesions may also be caused 
by the herpes simplex virus (HSV) (see Table  71.4 ).  

    In patients who exhibit oral thrush in addition to dys-
phagia and/or odynophagia, treatment is initiated with 
 fl uconazole  [  22  ] . If empirical treatment fails to resolve the 
symptoms after 1 week, endoscopy with biopsy of the 
ulcer base and histological examination is the next step to 
establish the etiology. Treatment of CMV involves 2–3 
weeks of intravenous ganciclovir or valganciclovir. HSV is 
usually managed by oral intake of acyclovir. Over 90% of 
idiopathic ulcers respond to oral glucocorticoids  [  23  ]  and 
thalidomide is effective in severe, refractory cases  [  24  ] . 

    Other rare causes include  Mycobacterium tuberculo-
sis ,  Mycobacterium  avium complex (MAC), histoplasmo-
sis,  Cryptosporidium , Kaposi’s sarcoma, and lymphoma. 

    Gastric disorders in HIV infection and AIDS result 
from opportunistic infections, malignancies, and other 
causes unrelated to HIV. While the prevalence of 
 Helicobacter pylori  is lower in those with HIV due to 
their recurrent use of antimicrobial therapy, peptic ulcer 
disease is still common in this group  [  25  ] . Decrease in 
secretion of gastric acid and intrinsic factors in patients 
with HIV lead to malabsorption of iron, vitamin B12, and 
medications including Indinavir, Atazanvir, Ketoconazole, 
and Itraconazole. Kaposi’s sarcoma most commonly 
involves the stomach. It typically presents as a violet-blue 
submucosal mass without ulceration and can be con fi rmed 
with biopsy and histological examination. Up to 50% of 
patients have concomitant cutaneous involvement. AIDS-
associated lymphomas are usually multifocal, but on rare 

   Table 71.1    Changing patterns of HIV demographics in the USA a    

 Parameter  1999  2007/2008 b  

 Diagnosis of HIV infection  Data is not 
available 

 41,269 (2008) 
 <50 years old: 34,481 
  ³ 50 years old: 6,788 

 Diagnosis of AIDS  46,400  37,151 (2008) 
 <50 years old: 28,961 
  ³ 50 years old: 8,190 

 Deaths of persons 
with a diagnosis of HIV 
infection 

 Data is not 
available 

 16,661 (2007) 
 <50 years old: 9,859 
  ³ 50 years old: 6,802 

 Deaths of persons with 
an AIDS diagnosis 

 16,432  17,619 (2007) 
 <50 years old: 10,531 
  ³ 50 years old: 7,088 

 Persons living with 
a diagnosis of HIV 
infection 

 113,02  580,370 (2007) 
 <50 years old: 415,230 
  ³ 50 years old: 165,140 

 Persons living with 
an AIDS diagnosis 

 290,547  459,595 (2007) 
 <50 years old: 304,114 
  ³ 50 years old: 155,481 

   a Data compiled from 1999 and 2008 CDC Surveillance reports  [  6,   43  ]  
  b HIV infection is reported in 37 states  

   Table 71.2    Effect of late presentation and delayed diagnosis   

  Sexual orientation    Ratio  
 Men who have sex 
with men present 
late 

 Older MSM almost 2 times as likely to present 
late than younger MSM (40% vs. 21%)  [  13  ]  

 Heterosexuals 
present late 

 53% of older heterosexual men present late, 
compared to 45% of younger heterosexual 
men  [  13  ]  
 51% of older heterosexual women present late, 
compared to 36% of heterosexual women  [  13  ]  

 Men who have sex 
with men diagnosed 
late 

 10 times more likely to die within a year of 
diagnosis, compared to those diagnosed 
early  [  11  ]  

 Heterosexuals 
diagnosed late 

 9 times more likely to die than 
heterosexuals diagnosed early  [  12  ]  

  Age    Ratio  
 Older adults 
diagnosed late 

 2.4 times more likely to die within a year of 
diagnosis than younger adults diagnosed late  [  13  ]  
 14 times more likely to die within a year of 
diagnosis, compared to older adults diagnosed 
early  [  13  ]  
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occasions can be related to  H. pylori  leading to gastric 
mucosa-associated lymphoid tissue (MALT) lymphomas. 
Biopsy and immunohistochemical staining are needed for 
diagnosis.  

    3.    Diarrheal diseases 
   Diarrhea, a common complaint in AIDS, may be caused 

by infections (bacterial, viral, fungal, parasitic, opportu-
nistic), medications and dietary intolerance (see 
Table  71.5 )  [  26  ] . Immunode fi ciency renders patients with 
AIDS particularly vulnerable to prolonged and severe 
diarrhea  [  27  ] . Small intestinal dysfunction and mucosal 
damage not attributable to intestinal pathogens is termed 
“HIV enteropathy.” It is characterized by chronic diar-
rhea, advanced HIV disease (CD4 <100/mm 3 ) and lack of 
an identi fi able pathogen  [  28  ] . Symptoms may improve 
with HAART. HIV enteropathy may result from indirect 
effects of HIV on enteric homeostasis.  

    A detailed history, clinical features, and CD4 count 
help narrow the differential diagnosis (see Table  71.5 ). 
Initial evaluation should include stool cultures for bacteria, 
ova and parasites. If the etiology cannot be discerned, 
colonoscopy with multiple mucosal biopsies is performed. 
Most cases of diarrhea are self-limiting and can be man-
aged conservatively with rehydration, dietary modi fi cation, 
and relief of symptoms. Otherwise, management is directed 
against the causative agent. Common gram-negative 
enteric pathogens should be treated empirically with 
appropriate antibiotics (see Table  71.5 ). Hospitalization is 

indicated in patients with CD4 count <200/mm 3  with signs 
of systemic involvement, or in the presence of severe dehy-
dration, signi fi cant electrolyte imbalance or acidosis  [  29  ] .  

    4.    Anorectal problems 
   Anorectal disease (warts,  fi ssures, and ulcers) is present 

in many patients with HIV infection/AIDS, particularly 
in MSM  [  30  ] . Typical manifestations include pain, rec-
tal discharge, blood in stool, and pruritus. Sexually 
transmitted infections such as  Chlamydia trachomatis , 
human papilloma virus (HPV),  Neisseria gonorrhoeae, 
Treponema pallidum , and HSV are common pathogens. 
Etiology and stage of HIV disease will direct the man-
agement strategy, with surgical intervention reserved for 
cases when less invasive means have failed  [  31  ] . 
Although physical examination may suggest the cause 
of anorectal symptoms, de fi nitive diagnosis is estab-
lished by anoscopy and sigmoidoscopy with mucosal 
biopsy.  

    5.    Hepatobiliary complications 
   Hepatomegaly is a common  fi nding on physical examina-

tion. Abnormal liver tests are common in HIV infection/
AIDS. Liver test abnormalities are secondary to hepatitis, 
biliary tract disease, neoplasms, opportunistic infections, 
and/or medications. In the HAART era, liver test abnor-
malities commonly result from chronic viral hepatitis or 
drug toxicity  [  32  ] . 

    The predominant causes of hepatitis in HIV-infected 
patients include hepatitis B and C virus, CMV and HIV 

   Table 71.3    Wasting syndrome in AIDS  [  20,   44  ]    

 Common causes  Clinical features  Diagnosis  Management 

 Viremia 
 Opportunistic infections 
 Anorexia and nausea induced by 
medications including HAART 
 GI conditions that affect nutritional 
intake or absorption 

 weight loss of >10% with  either  
(a) diarrhea for longer than 1 
month more than 3 times daily, or 
(b) fever or night sweats lasting 
over a month that do not respond 
to antibiotics or antimalarial 
agents 

 Clinical diagnosis  Immune reconstruction and prevention of 
opportunistic infections with HAART therapy 
 Treat diarrhea and comorbidities 
 Increase caloric intake with appetite stimulants 
such as dronabinol and megestrol, steroids 
including oxandrolone and nandrolone 

   Table 71.4    Esophagitis  [  21–  23,   45,   46  ]    

 Common causes  Clinical features  Diagnosis  Management 

  Candida  esophagitis  Thrush, dysphagia, odynophagia  Upper endoscopy (shows plaques) 
 Biopsy (con fi rms desquamated epithelial cells with yeast 
forms, fungal invasion in the super fi cial epithelium) 

 Fluconazole 

 Cytomegalovirus (CMV)  Odynophagia, substernal chest pain; 
dysphagia is less common 

 Upper endoscopy (demonstrates large and deep 
lacerations) 
 Biopsy (shows CMV inclusions) 

 Ganciclovir or 
valganciclovir 

 Herpes simplex virus (HSV)  Oral lesions, odynophagia  Upper endoscopy (reveals shallow, small ulcers) 
 Biopsy (shows HSV inclusions) 

 Acyclovir 

 Idiopathic  Same as CMV  Lack of viral cytopathic effect evident on histology 
and immunohistochemical studies 

 Prednisone or 
thalidomide 
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   Table 71.5    Diarrhea (bacterial, viral, parasitic, and fungal infections, HIV enteropathy, and noninfectious causes)  [  18,   26–  29,   47–  49  ]    

 Common causes  Clinical features  Diagnosis  Management 

 Bacterial infections 
  Salmonella  

  Shigella  

 Large volume, watery stool, nausea, 
vomiting, fever, dehydration, upper 
abdominal cramps, self limiting, 
preceded by contaminated food/water 
intake 
 Small volume, nausea, vomiting, bloody 
stool, tenesmus, frequent 
bowel movement, lower abdominal 
cramps 

 Blood cultures for bacteria 
 Stool culture a  and sensitivity for 
bacteria, white blood cell count, 
red blood cell count 
  C. dif fi cile  toxin essay 
 Stool ova and parasite 
examination 
 Cultures of rectal tissue 
for bacteria 
 Colonoscopy, endoscopy, 
sigmoidoscopy 
 Biopsy 

 Empiric therapy using cipro fl oxacin 
or ceftriaxone 

 Empiric therapy using cipro fl oxacin 
or azithromycin 

  Campylobacter   Empirical therapy using 
cipro fl oxacin 

 Metronidazole, vancomycin 
 Rifampin, ethambutol, isoniazid, 
pyrazinamide 
 Clarithromycin + ethambutol or 
antiretroviral therapy accompanied 
by drugs for symptomatic relief 

  Clostridium dif fi cile   Small volume, tenesmus, frequent 
bowel movement, lower abdominal 
cramps, history of antibiotics or 
hospitalization 
 Prolonged fever, night sweats, 
abdominal pain 
 Large volume, watery stool, upper 
abdominal cramps, low CD4 count, 
prolonged fever, night sweats, weight 
loss, malabsorption, hepatomegaly 

  Mycobacterium 
tuberculosis  

  Mycobacterium  avium 
complex (MAC) 

 Viral infections 
 Norwalk virus 

 Rotavirus 

 Cytomegalovirus (CMV) 

 Herpes simplex virus 
(HSV) 

 Nausea, vomiting, watery stool, 
abdominal discomfort, myalgias 
 Subclinical to severe diarrhea, can 
cause chronic symptomatic diarrhea 
 Small volumes, CD4 <100/mm 3  and 
often <50/mm 3  
 Weight loss, fevers, colitis, bright red 
blood per rectum, lower abdominal 
pain, tenesmus, frequent bowel 
movement 
 Painful oral lesions, dysphagia, taste 
change 

 Same as bacterial infections 
 Retinal exam for possible CMV 
retinitis 
 CMV requires biopsy for 
de fi nitive diagnosis and stool test 
is negative 
 Endoscopy reveals subepithelial 
hemorrhage and mucosal 
ulcerations 
 Visual exam may be suf fi cient to 
diagnose HSV 

 Supportive care 

 Supportive care 

 Ganciclovir, foscarnet, acyclovir, 
antiretroviral therapy 

 Acyclovir, famciclovir or valacyclovir 
given orally or intravenously in 
severe cases 

 Parasitic infections 
  Giardia lamblia  

  Entamoeba histolytica  

  Cryptosporidium  

 Microsporidia 

  Isospora belli  

 Large volume, gas, upper abdominal 
cramps, bloating, watery and foul 
smelling stool 
 Small volume, frequent bowel 
movement, tenesmus, lower abdominal 
cramps, mucoid or bloody stool 
 Large volume, watery stool, 
 dehydration, nausea, vomiting, upper 
abdominal pain, severe weight loss 
 Large volume, mild severity, watery 
stool, nonbloody stool, no fever, 
malabsorption, absence of abdominal 
pain, weight loss present but not severe, 
CD4 <100/mm 3  
 Watery stool, abdominal discomfort, 
steatorrhea, nausea, vomiting, weight 
loss, malabsorption 

 Same as bacterial infections 
 Giardia antigen test 

 Metronidazole or tinidazole 

 Nitazoxanide, paromomycin, 
antiretroviral therapy 

 Albendazole 

 Trimethoprim, sulfamethoxazole 

(continued)
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itself (see Table  71.6 ). HIV coinfection accelerates the 
progression of and resulting liver injury from the hepatitis 
C virus. Recent studies demonstrate an increased risk of 
liver damage and subsequent morbidity and mortality in 
coinfection, compared with chronic hepatitis B virus alone 
 [  33,   34  ] . Infection with hepatitis B and C may progress to 
cirrhosis and primary hepatocellular carcinoma. Hepatitis 
E virus is an established cause of acute hepatitis. It can be 
fulminant in patients with chronic liver disease  [  35  ] . Over 
the past few years, however, a number of cases of chronic 
hepatitis caused by hepatitis E virus genotype 3 have been 
reported in patients with HIV  [  36  ] .  M. tuberculosis  is the 
most common opportunistic infection in AIDS patients 
 [  37,   38  ] . Mycobacterial and fungal infections may cause 

granulomatous disease. Hepatic involvement generally 
re fl ects a disseminated process and is not the direct cause 
of morbidity or mortality. Peliosis hepatis is a rare con-
dition which is associated with immunode fi ciency. Blood-
 fi lled cysts of various sizes are histologically characteristic 
of peliosis hepatitis. Although spontaneous regression 
may occur, hepatic failure, portal hypertension, and hem-
orrhage are possible complications.  

    Biliary disorders in AIDS patients can be classi fi ed into 
non-HIV-associated diseases (e.g., gallstones), AIDS cho-
langiopathy (AC), and acalculous cholecystitis. Patients 
usually present with right upper quadrant pain in a setting 
of cholestatic pattern of laboratory abnormalities (see 
Table  71.7 ).  Cryptosporidium parvum  is the most common 

 Common causes  Clinical features  Diagnosis  Management 

 Fungal infections 
 Histoplasmosis 

  Coccidioidomycosis  

 Cryptococcosis 

 Fever, sweats, muscle aches, headache, 
dry cough, chest pain, appetite loss 
 Fever, cough, headaches, rash, and 
myalgias 
 Headache, fever, nausea, vomiting, 
behavioral changes 

 Fungal smear 
 Urine culture 
 Blood culture 
 Histoplasmosis antigen 

 Amphotericin B followed by 
itraconazole for approximately 3 
weeks 

 HIV enteropathy 
 Chronic diarrhea not attributable to 
intestinal pathogens 

 Diagnosis is by exclusion (i.e., 
diagnostic methods fail to 
identify and intestinal pathogen) 
 Low-grade mucosal atrophy of 
the small bowel with a decrease 
in mitotic  fi gures 

 HAART, octreotide, antimotility 
drugs, symptomatic therapy with 
luminal agents ( fi ber supplements, 
cholestyramine, kaolin) 

 Noninfectious causes 
 Drug induced diarrhea (antiretroviral therapy and antibiotics) 
 Neoplasms 

   a Stool samples usually provide a de fi nitive diagnosis for  Salmonella, Shigella,  and  Campylobacter  and  C. dif fi cile   

Table 71.5 (continued)

   Table 71.6    Hepatobiliary complications  [  32,   38,   40,   50  ]    

 Common causes  Clinical features  Diagnosis  Management 

 Hepatitis 

 Medication-induced 
liver injury 

 Neoplasms 

 Biliary tract diseases 

 Jaundice, hepatomegaly, fever, nausea, 
vomiting, abdominal tenderness, 
 amphotericin, diarrhea 
 Same as hepatitis + use of antiretroviral 
agents, azoles, rifampin, isoniazid, 
sulfonamides 
 Kaposi’s sarcoma: dark red/purple nodules 
in the portal regions,  fi lled with densely 
packed spindle-shaped endothelial cells 
that form slit-like vascular channels 
 Acalculous cholecystitis: right upper 
quadrant pain, fever, vomiting, CD4 count 
<100/mm 3 , history of prior infection with 
CMV 
 AIDS cholangiopathy: papillary stenosis, 
sclerosing cholangitis, extrahepatic biliary 
stenosis, CD4 count <200/mm 3  

 Elevated liver enzymes 

 Liver scans 

 Stool-blood culture 

 Ultrasonography 

 CT 

 Magnetic resonance 
cholangiography 

 Liver biopsy 

 ERCP 

 HAART, interferon + ribavirin for Hepatitis C. 
In addition, protease inhibitor for genotype 1 

 Usually dose related; therapy should be 
changed when transaminase levels exceed 5 
times the upper limit of normal 
 Radiotherapy, chemotherapy; depends on 
extent and location of the tumor 

 Laparoscopic cholecystectomy for acalculous 
cholecystitis, 

 Sphincterotomy for symptomatic relief in aids 
cholangiopathy 

 HAART 
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organism associated with AC  [  39  ] . The four types of cho-
langiographic abnormalities seen in AC are papillary 
stenosis, intra/extrahepatic sclerosing cholangitis, combi-
nation of papillary stenosis and sclerosing cholangitis, as 
well as extrahepatic duct strictures. In patients with AC, 
endoscopic retrograde cholangiopancreatography (ERCP) 
helps diagnose and reduce pain by sphincterotomy. Since 
it does not extend survival, treatment is aimed at raising 
CD4 count and lowering the viral load. Cholecystectomy 
or percutaneous cholecystostomy are viable management 
options for acalculous cholecystitis  [  40  ] .   

    6.    Pancreatic diseases 
   Pancreatic diseases in patients with HIV are caused by 

alcohol abuse, hyperlipidemia, cholelithiasis, medication 
toxicity, HIV-related opportunistic infections, and occa-
sionally neoplastic in fi ltration  [  18  ] . The main culprits are 
pentamidine, dideoxyinosine, and trimethoprin-sulfame-
thoxazole. Common HIV-related pathogens leading to 
pancreatitis are CMV,  M. tuberculosis, M. avium, 
Cryptococcus , HSV,  Toxoplasma gondii, Pneumocystis 
jirovecii , and protozoa. On rare occasions, lymphoma or 
Kaposi’s sarcoma can invade the pancreas and present 
itself with mass effect on adjacent duodenum and/or exo-
crine insuf fi ciency if the pancreatic duct is obstructed. 
Higher baseline CD4 counts are associated with decreased 
risk of pancreatitis.  

    7.    Gastrointestinal neoplasms 
   Kaposi’s sarcoma (KS) is the most common HIV-related 

tumor of the GI tract; other neoplasms include non-Hodg-
kin’s lymphoma, squamous cell carcinoma of the rectum 
or anus, and cloacogenic carcinoma of the rectum  [  41  ] . 
Anorectal carcinomas occur with greater frequency in 
MSM as a result of chronic perianal herpes or HPV 
acquired through sexual contact and can be detected using 
cytologic specimens of the anal canal  [  42  ] . 

    KS is generally asymptomatic unless extensive; 
HAART improves prognosis. Lymphomas are aggressive 
 (high-grade B-cell in origin) with short survival that cor-
relates with degree of immunocompromise. Barium con-
trast X-ray studies, abdominal ultrasound, and CT scans 
can be diagnostic, but biopsies provide de fi nitive 
diagnosis.     

  Key Points 

    Risk factors for HIV infection in older adults include • 
risky sexual behavior, physiological changes with age, 
and parenteral drug use.  
  Nonspeci fi c gastrointestinal manifestations and weight • 
loss are common initial presentations of AIDS, largely a 
result of the aging process, opportunistic infections, drug 
toxicity, and other non-HIV related causes.  
   • Candida albicans , Cytomegalovirus, and HSV are the 
most common infectious agents that cause esophagitis in 
older HIV infected individuals.  
  Immunode fi ciency in AIDS patients renders patients • 
particularly susceptible to prolonged and severe diar-
rhea. Chronic diarrhea in a setting of advanced AIDS 
without an identi fi able pathogen is termed “HIV 
enteropathy.”  
  In patients on HAART, the main etiology of abnormal hepatic • 
function tests is medications and chronic viral hepatitis.  
  The two main HIV-related biliary diseases are AIDS cho-• 
langiopathy and acalculous cholecystitis.  
  Didanosine is a common cause of asymptomatic hyper-• 
amylasemia, pancreatitis, and in rare cases, fulminant 
pancreatic toxicity.  
  Kaposi’s sarcoma is the most common HIV-related tumor • 
of the GI tract.          

   Table 71.7    Abdominal pain  [  18,   40,   41,   48  ]    

 Common causes  Clinical features  Diagnosis  Management 

 Infection by 
 Cryptosporidium , CMV 
and MAC in the absence 
of perforation or 
obstruction 
 Obstruction in the 
stomach, small bowel 
or colon 
 Infection in the presence 
of perforation 

 Biliary tract diseases 

 Dull, mild and intermittent 
pain accompanied by nausea 
and vomiting 

 Severe nausea and vomiting 
with accompanying pain 

 Severe pain with peritoneal 
irritation points to perforation 
in the small bowel or colon 
 Right upper quadrant pain 
and abnormal liver 
biochemical tests 

 Stool cultures, sigmoidoscopy, stool ova 
and parasite examination 

 Abdominal ultrasonography and endos-
copy are required to establish diagnosis 

 Imaging modalities, surgical exploration 
and laparoscopy may be necessary in 
presence of ascites 
 Ultrasonography or computed topography, 
magnetic resonance cholangiography, 
endoscopic retrograde cholangiopancre-
atography and liver biopsy 

 HAART therapy for opportunistic 
infections 
 Chemotherapy or radiation for lymphoma 
or Kaposi’s sarcoma related illnesses 
 Antibiotic or antineoplastic regimens for 
symptomatic relief 
 Surgical management for obstruction, 
perforation, acalculous cholecystitis 
 Sphincterotomy for AIDS 
cholangiopathy 
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      Introduction 

 The gastrointestinal tract is phylogenetically the oldest system 
in the body and hence most likely to be used to express emo-
tions that cannot be dealt with through the regular channels. 

 Franz Gabriel Alexander, Hungarian physician and psy-
choanalyst, known as the father of psychosomatic medicine, 
reported in 1934 that, “The abdomen has aptly been called 
 the sounding board of the emotions”  and, “In spite of the fact 
that this relation between psyche and soma is well known, it 
is surprising how little attention is given to this matter in the 
actual management of gastrointestinal disorders”  [  1  ] . Despite 
the research and experience obtained ever since, the lack of 
precision in the diagnosis of symptomatic gastrointestinal 
disorders without structural abnormalities remains  [  2  ] . The 
presence of medical comorbidity with mental illness has 
been associated with less improvement after treatment, worse 
quality of life, poorer adherence to treatment, slower recov-
ery, greater suicide risk, and higher cost utilization  [  3–  5  ] . 

 There are multiple signs of psychological distress present in 
patients with GI disturbances, but the most widely studied due 
to their frequency and potential severity are discussed here.  

   Major Psychiatric Syndromes In fl uencing the 
Diagnosis and Treatment of Gastrointestinal 
Illness in Older Adults 

   Depression and Mixed Anxiety-Depression 

 Foremost, a depressive disorder, which interferes with the 
ability to function, is not a normal part of aging, although 
temporary “blue” moods are normal. Due to the erroneous 

conception that persistent depression is a normal response to 
the development of medical complications and gradual loss 
of independence, Major Depressive Disorder is greatly 
underdiagnosed in the old  [  6–  8  ]  

 In cancer patients, there is a well-studied association between 
gastrointestinal cancer and an increased incidence of depres-
sion. Higher rates were seen in cancer of the stomach (20.2%), 
followed by pancreas (17.3%) and colon (8.6%) possibly due to 
the release of cytokines in some cases  [  9–  14  ] . In a comprehen-
sive review of over 50 psychiatric consultation studies of depres-
sion in cancer patients, 25% of patients with advanced bowel 
cancer presented with depression, compared to 50% of patients 
with pancreatic cancer; 13% of those with colon cancer, and 
40% of geriatric patients with oropharyngeal cancer  [  13  ] . 

 The risk of mixed anxiety–depression symptoms, 
contrary to the common belief, decreases with every 10-year 
increase in age. While 17% of patients in their 30’s mani-
fested mixed anxiety–depression symptoms, only 10% of 
those in their 60s reported these symptoms. Generally, 
increasing age brings with it lessons of experience and a 
greater sense of ful fi llment. Clinically, it highlights the 
importance of identifying mixed anxiety–depression in 
younger, not older, patients  [  14  ] . 

 Older individuals are at greater risk for depression and 
suicidal acts whether they are physically healthy of not. In 
addition to the loss of good health, the elderly patient often 
has sustained other losses, including physical ability,  fi nancial 
stability, and death of loved ones  [  15  ] . 

 In a recent study based on data from the Primary Care 
Research in Substance Abuse and Mental Health for the 
Elderly (PRISM-E), the  fi ndings indicated that the DSM cri-
teria are not decisive in determining remission from major 
depression, whereas addressing medical comorbidity was 
important to optimize such remission  [  16  ] . Among nursing 
home dwellers, the presence of depression is related to a 
greater risk of hospital admissions due to medical comor-
bidities including gastrointestinal problems, independent of 
their functional status. Hence, the recognition and appropriate 
treatment of depression would result in a lower inpatient 
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services utilization, mortality, and cost-effective issues for 
the health care system  [  17,   18  ] . 

 Likewise, factors like failure to thrive, dietary and health 
behavior are associated with depression and mortality in a 
study of community-dwelling elderly. Low-grade in fl ammation 
and low plasma vitamin C levels were independently associ-
ated with depression and mortality, which would explain that, 
in contrast with the nursing home population, physical dys-
function might partly mediate this association  [  19  ] . 

 A cross-sectional study with 413 patients showing that 
elderly individuals with depression, fecal incontinence, and 
cognitive and functional limitations, manifest poor nutritional 
status, with a higher risk for hospitalizations; these patients 
tend to have lower blood hemoglobin, serum total protein, 
and albumin, and higher incidence of geriatric syndromes 
 [  20  ] . A case–control study with 108 elderly patients revealed 
that those with Generalized Anxiety Disorder presented 
higher rates of diabetes and gastrointestinal conditions, sug-
gesting the bene fi t of screening for anxiety in older individuals 
presenting with gastrointestinal illness  [  21  ] . A prospective 
survey in 92 elderly, terminally ill cancer patients, found 
depression and hopelessness to be the strongest, independent 
predictors of desire for hastened death, whereas, interestingly, 
no association was found between either presence of pain or 
pain intensity and desire for hastened death, con fi rming 
results of previous research in that topic  [  22–  25  ]   

   Treatment 

 When treating depression in the elderly, medications are 
started at low dose, and the dosage is increased more slowly 
than with a younger patient. Also, drugs with fewer anticho-
linergic effects are preferred due to greater sensitivity of the 
elderly to anticholinergic complications such as delirium, 
urinary retention, constipation, and cardiac arrhythmias. 
Evidence continues to support the use of antidepressants of 
the selective serotonin reuptake inhibitors (SSRIs) class 
which prescribed initially because they have fewer sedative 
and autonomic effects than the tricyclic antidepressants 
(TCAs). Antidepressants are well tolerated by elderly people 
and is, overall, as effective as in young adults. Of note, every 
antidepressant medication carries a warning from the FDA, in 
which patients of all ages should be monitored appropriately 
and observed closely for clinical worsening, suicidality, or 
unusual changes in behavior. See Table  72.1  for doses of the 
antidepressants most commonly used in the elderly  [  26–  28  ] .   

   Delirium 

 In the hospital setting, approximately 15% of elderly patients 
are reported to exhibit delirium on admission and another 

10–40% are diagnosed with delirium during the hospitalization 
 [  29,   30  ] . In the nursing home setting, up to 60% of residents 
aged 75 years or older may be delirious cross-sectionally 
 [  31  ] . Elderly patients who develop delirium during a hospi-
talization have an estimated 22–76% chance of dying during 
that admission  [  32  ] . 

 Delirium is the most common and serious neuropsychiatric 
complication in different types of cancer including liver, 
gastric, pancreatic, and colon cancer. Likewise, this acute 
confusional state is developed due to metabolic disorders 
such as hepatic encephalopathy, thiamine de fi ciency, hypoal-
buminemia; systemic illness like postoperative states (bowel 
resection due to trauma and cancer, intestinal obstruction, 
perforation, or severe diverticular disease)  [  32–  34  ] . 

 Another factor commonly associated with the development 
of delirium is the abuse of laxatives, mainly among the 
elderly, possibly due to the belief that daily bowel movements 
are needed to maintain good health. Laxatives of the stimulant 
class are more frequently abused, yielding in a confusional 
state related to electrolyte imbalance and acid/base changes 
that can be life threatening  [  35  ]  

 Polypharmacy, common in the old, can result in adverse 
drug effects (ADEs), which may present as a variety of 
neuropsychological disorders and gastrointestinal (GI) 
syndromes; the former may include depression, cognitive 
impairment, and agitation amongst others, while the GI 
manifestations range from dry mouth and appetite distur-
bances, to constipation, diarrhea, and abdominal discomfort 
 [  36  ] . Delirium may be the only presenting feature of the life-
threatening Serotonin Syndrome, resulting from the drug 
interaction involving the SSRI antidepressant citalopram and 
 fl uconazole, in frail, susceptible individuals such as cancer 
and elderly patients  [  37  ] . 

 Chemotherapy agents have also been associated with 
delirium during the treatment of solid tumors and hemato-
logic malignancies. Delirium due to ifosfamide toxicity is 
observed in 5–30% of patients with cancer; ifosfamide also 

   Table 72.1    Antidepressant medications commonly used in the elderly   

 Drug and class 
 Starting daily 
dose (mg) 

 Therapeutic daily 
dose (mg) 

 Fluoxetine (SSRI)   10  20–60 
 Sertraline (SSRI)   25  50–200 
 Paroxetine (SSRI)   10  10–40 
 Bupropion (NDRI)   75  200–300 
 Venlafaxine (SNRI)   18.75  75–225 
 Mirtazapine (TeCA)   7.5  15–45 
 Moda fi nil (Analeptic)  100  200–400 
 Citalopram (SSRI)   20  20–40 
 Escitalopram (SSRI)   10  10–40 

   SSRI  selective serotonin reuptake inhibitor;  NDRI  norepinephrine-
dopamine reuptake inhibitor; SNRI  serotonin-norepinephrine reuptake 
inhibitor ;  TeCA  tetracycllc antidepressant  
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causes nausea and vomiting in over half of the patients, 
besides anorexia, diarrhea, and in some cases, constipation. 
Delirium due to the neuropsychiatric toxicity of ifosfamide 
is successfully treated with methylene blue that can be used 
either orally or intravenously  [  38  ] . Fatal gastrointestinal 
ADEs from neuroleptic medications are reported, such as 
death from constipation and bowel obstruction induced by 
clozapine, an antipsychotic commonly used in the treatment 
of schizophrenia not controlled with other neuroleptics, or 
when the schizophrenia presents with prominent negative 
symptoms  [  39  ] . 

 Neuroleptics have become a crucial component of treat-
ment of delirium, targeting agitation, paranoia, and halluci-
nations. The list of medications used in the management of 
delirium is provided in Table  72.2 ; however, primarily one 
must address the cause of delirium and inciting factors, and 
it involves correction of volume, electrolyte imbalance, treat-
ment of infection, or withdrawing a medication that may 
have predisposed to delirium.  

 In a double-blind, randomized study comparing haloperidol, 
chlorpromazine, and lorazepam in the treatment of delirium, 
lorazepam alone was ineffective in the treatment of delirium. 
Moreover, lorazepam alone exacerbated delirium and 
increased cognitive impairment  [  32,   40  ] . However, since the 
use of lorazepam is acceptable in the treatment of alcohol 
withdrawal delirium, and the use of neuroleptics could decrease 
the threshold for seizures, the management of delirium 
syndrome should be on a case-by-case basis. 

 In another study, olanzapine appeared highly effective 
in patients younger than 70 years, while another atypical, 
risperidone, was more effective in controlling delirium 
symptoms in patients older than 70 years, with a history of 
dementia  [  41  ] . 

 The important side effects of  fi rst-generation (typical) 
antipsychotics involve the dopaminergic system (galactor-
rhea) with extrapyramidal effects (parkinsonism, akathisia, 
dystonia, tardive dyskinesia), cholinergic system (urinary 
retention, constipation, visual disturbances), and histaminer-
gic system (sedation). Among the atypical antipsychotics, 
weight gain, increased risk of diabetes, metabolic syndrome, 
stroke and cataract development are the most signi fi cant. 
Regardless of the typical or atypical character of the antipsy-
chotics, all of them increase the risk of prolongation of the 
QTc interval and reduce the threshold for seizures. 

   Special Considerations in Older Adults 
 In general, gold standard depression measures are not appro-
priate for use in geriatric cancer patients due to lack of 
validation and possibly fail to assess common symptoms 
of depression in this population  [  42  ] . Anxiety and depres-
sion are common in older adults, especially so in chronic 
disease, contributing to impairments and disabilities; higher 
rates are seen in in fl ammatory bowel disease, and may lead 
to deteriorating trends of the GI disease  [  43  ] . Screening for 
anxiety and depression in the older adult with GI illness, and 
timely referrals by the gastroenterologist or the primary 
physician/geriatrician to a psychiatrist for comanagement 
can be a useful strategy in the older age group  [  43  ] . 

  Key Points 

    Older patients with chronic GI illness may have a psychiatric • 
disorder as the basis for complaints; on the other hand, the 
GI illness may contribute to depression or delirium from 
the complications of illness or treatment provided.  
  The most common psychiatric comorbidities in this setting • 
are depression, anxiety, and delirium.  
  Antidepressants of the SSRI type and related, remain as • 
 fi rst line for treatment of depression in the elderly.  
  Whether typical or atypical, antipsychotics are helpful in • 
controlling symptoms of delirium, but side effects must be 
taken into account when used in those with speci fi c medi-
cal problems.            
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  A 
  AAAs.    See  Abdominal aortic aneurysms (AAAs)  
  AAD .   See  Antibiotic-associated diarrhea (AAD)  
  Abdomen surgery 

 biliary tract disease 
 acute pain , 608  
 appendicitis (   see  Appendicitis) 
 choledocholithiasis , 609  
 cyolecystectomy , 608–609  
 diagnosis , 608  
 gangrenous cholecystitis , 609  
 hernia (   see  Hernia) 
 prophylactic cholecystectomy , 609  

 cecal volvulus , 612  
 diverticulitis , 610  
 early postoperative obstruction , 611–612  
 improvement, techniques , 607  
 intestinal obstruction , 610–611  
 pain 

 acute abdomen , 608  
 causes , 607  
 drugs , 607  
 gastrointestinal events , 607  
 location based diagnosis , 607–608  
 symptoms , 607  
 types , 608  

 peptic ulcer disease , 610  
 role , 607  
 volvulus , 612   

  Abdominal aortic aneurysms (AAAs) 
 defi nition , 631  
 diagnosis 

 and management , 631  
 and monitoring , 635  

 IC , 476  
 management 

 life style measures , 634  
 medical imaging , 634  
 pharmacology ,634  
 surgery , 634  

 presentation, synopsis , 632  
 risk factors 

 hypertension and hyperlipidemia , 631  
 impacts, expansion and rupture , 631  
 infection , 631–632  
 prevalence , 631  
 smoking , 631  

 ruptured, pain , 326  
 screening and surveillance 

 CT and MRI , 633  
 guidelines , 633  

 morbidity and mortality , 632  
 national programs , 632  
 recommendations , 633  
 transthoracic echocardiography , 633  
 ultrasound , 633  

 size and effects , 631   
  Abdominal compartment syndrome (ACS) , 437   
  Abdominal pain 

 assessment 
 communication barriers , 323  
 diagnosis , 324  
 evaluation and history , 324, 325  
 incidentaloma , 323  
 instruments/tools , 324  

 causes 
  acute abdomen  , 325  
 biliary tract disease , 324  
 bowel obstruction and hernia , 326  
 cholecystitis, pancreatitis and peptic ulcer disease , 325  
 diverticular disease and appendicitis , 326  
 drugs , 326  
 mesenteric ischemia , 326  
 nongastrointestinal , 324, 325  
 splenic infarction and ruptured AAA , 326  
 unusual , 326  

 dealing , 326–327  
 description , 323   

  Acalculous cholecystitis 
 clinical features , 425  
 diagnosis , 425  
 epidemiology , 424  
 pathogenesis , 424–425  
 risk factors , 425  
 treatment , 425   

  ACEI .   See  Angiotensin-converting enzyme inhibitor 
(ACEI)  

  Acetaminophen , 413   
  Achalasia , 227   
  ACOs.    See  Associated Care Organizations (ACOs)  
  ACS.    See  Abdominal compartment syndrome (ACS)  
  Activities of daily living (ADLs) , 11, 57, 

600, 603   
  Acute cholecystitis 

 AIDS cholangiopathy , 424  
 clinical features , 423  
 complications , 424  
 diagnosis , 424  
 emphysematous cholecystitis , 423  
 epidemiology , 423  
 pathogenesis , 423  
 treatment , 424   
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  Acute diarrhea 
 approach, elderly , 357  
 causes, older adult , 352  
 chronic , 353  
 defi nition , 351  
 diagnosis , 356  
 uncomplicated , 359   

  Acute fulminant infection , 523   
  Acute liver failure (ALF) , 413   
  Acute mesenteric ischemia (AMI) 

 causes, frequency and mortality , 478  
 chronic mesenteric insuffi ciency 

 abdominal angina (AA) , 254, 256  
 bowel wall , 254, 257  
 SMA (   see  Superior mesenteric artery (SMA)) 
 and CT , 479  

 MVT , 478–479  
 predisposing factors , 478  
 treatment , 479   

  Acute pancreatitis (AP) 
 defi nition , 429  
 diagnosis, acute AP 

 abdominal pain , 431–432  
 laboratory data , 431–432  

 differential diagnosis , 435  
 epidemiology , 430  
 etiological factors , 430–431  
 management 

 enteral nutrition , 436  
 ERCP/EUS , 436–437  
 fl uid resuscitation , 436  
 pain , 436  
 pancreas , 436  
 prophylactic antibiotic therapy , 436  
 surgical options, acute pancreatitis , 437  

 pathogenesis/natural history , 429–430  
 severity assessment 

 determination , 433–434  
 imaging studies , 435  
 scoring criteria , 434  
 single markers, severity , 434–435  

 US , 429   
  Acute phosphate nephropathy , 367, 368   
  Adenomas 

 defi nition , 559  
 duodenal , 561  
 esophageal , 561  
 prevalence , 559  
 small bowel , 559, 561   

  Adequate intake (AI) 
 chloride , 149  
 description , 145  
 potassium , 148  
 RDA , 145–146  
 sodium , 149  
 and TUL , 145   

  ADLs.    See  Activities of daily living (ADLs)  
  Adverse drug events (ADR) , 73   
  Adverse drug reaction (ADE) , 73   
  AGA.    See  Anti-gliadin antibody (AGA)  
  Aging 

 absorption , 84  
 age related changes , 83, 84  
 anthropometrics and body composition 

 clinical impact , 20  
 height , 19–20  

 lean body mass , 20  
 weight , 20  

 cardiovascular system (   see  Cardiovascular system) 
 description , 15, 83  
 distribution , 84  
 elimination , 84–85  
 endocrine system , 25–26  
 gait and balance 

 clinical impact , 19  
 description , 18  

 immune function , 26–27  
 impact , 86  
 kidney (   see  Kidney) 
 life expectancy and span , 17  
 metabolism 

 hepatic blood fl ow , 85  
 PPIs , 85–86  
 routine liver function tests , 85  

 nervous system , 26  
 pharmacokinetics , 83–84  
 respiratory system (   see  Respiratory system) 
 skin and hair , 19  
 sleep 

 clinical impact , 27–28  
 physiology  ,27  

 theories 
 clinical impact , 18  
 DNA and RNA , 17–18  

 vision and hearing 
 clinical impact , 21  
 morphology and physiology , 21  

 vital signs , 20–21   
  AI   . See  Anal incontinence (AI)  
  AIP   . See  Autoimmune pancreatitis (AIP)  
  ALF   . See  Acute liver failure (ALF)  
  Alkaline phosphatase (ALP) 

 elevated serum , 378  
 GGT , 377   

  ALP   . See  Alkaline phosphatase (ALP)  
  Altemeier procedure , 544   
  AMI   . See  Acute mesenteric ischemia (AMI)  
  Anal canal bulking agents , 538   
  Anal continence mechanisms , 534   
  Anal hygiene , 537   
  Anal incontinence (AI) 

 diagnostic test 
 anorectal physiology , 535  
 ARM , 535–536  
 EMG , 536  
 PNTML , 536  

 epidemiology , 533  
 etiology , 534–535  
 medical management 

 anal hygiene , 537  
 biofeedback training , 537  
 bowel management regimen , 536  
 dietary modifi cation , 536  
 miscellaneous approaches , 537  
 pelvic fl oor exercises , 536–537  
 pharmacologic agents , 536  

 physical examination , 535  
 physiology, continence , 533–534  
 pseudoincontinence , 533  
 surgical treatment 

 anal canal bulking agents , 538  
 artifi cial bowel sphincter , 538  
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 colostomy , 538–539  
 radiofrequency energy , 538  
 SNS , 538  
 sphincteroplasty , 538   

  Anemia 
 CD , 502  
 VCE , 222   

  Angiotensin-converting enzyme inhibitor (ACEI) , 414   
  Anorectal monometry (ARM) , 341, 342, 535–536   
  Antibiotic-associated diarrhea (AAD) , 102, 524   
  Antibiotic sensitivity test , 528   
  Anti-gliadin antibody (AGA) , 504   
  Antihypertensives , DILI, 414   
  Antiseizure medications , DILI, 414   
  Appendicitis 

 cecal vovulus , 612CT, 610  
 early postoperative obstruction , 611–612  
 management, bowel obstruction , 612  
 sigmoid vovulus , 612  
 symptoms and diagnosis , 611  
 treatment , 611–612   

  ARM   . See  Anorectal monometry (ARM)  
  Artifi cial bowel sphincter 

 anal canal , 538  
 complications , 538   

  Artifi cial feeding 
 EN (   see  Enteral nutrition) 
 PN (   see  Parenteral nutrition)  

  Aspiration 
 pulmonary , 123  
 risk , 120   

  Aspiration pneumonia, dysphagia , 293, 295   
  Associated Care Organizations (ACOs) , 12   
  Asymptomatic diverticular disease , 512, 513   
  Atypical presentation 

 importance , 464  
 PUD , 465   

  Autoimmune disorders , CD, 503   
  Autoimmune hepatitis , DILI, 411–412   
  Autoimmune pancreatitis (AIP) 

 histopatholology , 446  
 IgG4 positive cells , 445–446  
 types , 445–446  

 B  
  Bacteriology, CDAD , 521   
  Balloon expulsion test , 342   
  Barrett’s esophagitis (BE) 

 defi nition , 572  
 diagnosis, surveillance, and therapy goals , 572, 573  
 endoscopic defi nition , 573  
 gastroesophageal junction (GEJ) , 573  
 metaplasia , 572  
 screening , 572–573   

  Behcet’s disease , 642   
  Belching, intestinal gas , 331   
  Bilirubin , 379   
  Biofeedback therapy , 537   
  Bisphosphonate-related osteonecrosis of the jaw (BRONJ) , 455   
  Bleeding , 120, 124   
  Bloating, intestinal gas 

 maldigestion and malabsorption , 332  
 SIBO , 331, 332  
 sorbitol , 332  
 splenic fl exure syndrome , 331   

  BMD   . See  Bone mineral density (BMD)  
  BMI   . See  Body mass index (BMI)  
  Body mass index (BMI) , 205   
  Bone mineral density (BMD) , 502   
  Bowel management regimen , 536   
  Bristol stool chart , 340   
  BRONJ   . See  Bisphosphonate-related osteonecrosis of the jaw (BRONJ)  
  Buried bumper syndrome , 120, 123    

  C 
  Caffeine , 92   
  Calcium (Ca) 

 defi ciency 
 diseases , 188  
 lactose intolerance , 188  
 postmenopausal women , 188  
 vegetarians , 188–189  

 intake , 186, 188  
 metabolism , 186  
 sources 

 dietary , 190  
 food , 190   

  Cancer 
 breast , 64  
 cervical , 64  
 colorectal , 64  
 prostate , 64  
 screening, older adults , 64, 65   

  Candida esophagitis , 274   
  Cardiovascular system 

 clinical impact , 22  
 morphology and physiology 

 changes, aging , 22  
 myocytes , 21–22   

  Catheter-directed angiography (CA) 
 AMI , 254–256  
 disadvantages , 253  
 extravasation , 253  
 GI bleeding , 253   

  CC   . See  Collagenous colitis (CC)  
  CCK   . See  Cholecystokinin (CCK)  
  CD   . See  Celiac disease (CD); Crohn’s disease (CD)  
  CDAD   . See Clostridium diffi cile -associated diarrhea (CDAD)  
  Celiac disease (CD) 

 clinical presentation , 502  
 defi nition , 501  
 diagnosis , 503–504  
 diagnostic algorithm , 504, 505  
 elderly 

 anemia , 502  
 autoimmune disorders , 503  
 celiac crisis , 503  
 chronic pancreatitis , 503  
 dermatitis herpetiformis , 503  
 IBS , 503  
 intusussception , 503  
 malnutrition , 503  
 neurology , 503  
 obesity , 543  
 osteoporosis , 502–503  

 epidemiology , 501  
 genetics , 502  
 GI pathology , 279  
 management , 504–506  
 Marsh classifi cation , 504  
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Celiac disease (CD) (cont.)
 older adult , 501  
 patients , 355  
 prognosis and complications 

 malignancy and mortality , 506  
 refractory , 506   

  Cellulose , 197, 198   
  CGA   . See  Comprehensive geriatric assessment (CGA)  
  Cholecystokinin (CCK) , 39   
  Cholelithiasis 

 abdominal pain , 325  
 clinical features , 421–422  
 diagnosis , 422  
 epidemiology , 421  
 pathogenesis , 421  
 treatment , 422   

  Cholestasis 
 DILI , 412  
 liver function tests , 377–378   

  Chronic diarrhea 
 and acute, causes , 352–353  
 diagnosis , 356  
 evaluation , 358  
 noninfectious causes , 353   

  Chronic disorders 
 cholesterolosis and gallbladder polyps , 426  
 chronic cholecystitis , 426  
 hyperplastic cholecystoses and adenomyomatosis , 426   

  Chronic MI (CMI) 
 color duplex ultrasound , 479  
 patients , 479  
 symptoms and diagnosis , 479  
 treatment , 479–480   

  Chronic obstructive pulmonary disease (COPD) , 476   
  Chronic pancreatitis 

 abdominal pain , 444–445  
 acute , 441  
 aging, effects , 441–442  
 autoimmune pancreatitis , 445–446  
 CD , 503  
 clinical presentation , 442  
 diabetes mellitus , 445  
 diagnosis 

 function , 443  
 structure , 443–444  

 epidemiology , 441  
 risk factors 

 alcohol , 442  
 autoimmune pancreatitis , 442  
 hereditary pancreatitis , 442  
 idiopathy , 442  
 obstructive pancreatitis , 442  
 tobacco , 442  
 tropical pancreatitis , 442  

 steatorrhea , 445  
 treatment , 444   

  Clopidogrel , 315   
   Clostridium diffi cile  

 cause , 497  
 infections , 527   

   Clostridium diffi cile -associated diarrhea (CDAD) 
 elderly 

 acute diarrhea , 357  
 chronic diarrhea , 358  

 epidemiology , 78   

   Clostridium diffi cile -associated diseases (CDAD) 
 AAD , 519  
 bacteriology ,521  
 clinical manifestations , 521  
 description , 519  
 diagnosis 

 culture , 521–522  
 sigmoidoscopy and colonoscopy , 521  
 toxins , 521  

 epidemiology , 519–520  
 older adults , 524  
 PMC , 519  
 probiotics , 524  
 risk factors , 520  
 treatment 

 acute fulminant infection , 523  
 initial disease , 522–523  
 preventive measures , 522  
 principles, management ,522  
 recurrences , 523  
 surgery , 524   

  CMI   . See  Chronic MI (CMI)  
  COC   . See  Conventional optical colonoscopy (COC)  
  Colitis 

 infectious , 369  
 ischemic , 369   

  Collagenous colitis (CC) , 494   
  Colon cancer , 197, 199–201   
  Colonic diverticulosis , 512, 513   
  Colonoscopy 

 colorectal cancer , 215  
 CRC screening , 554  
 fi ndings , 215, 216  
 indications , 215, 216  
 preparations 

 colonic , 216  
 side effects , 216, 217   

  Colon polyps , 199   
  Colorectal cancer (CRC) 

 clinical features , 583  
 epidemiology , 587, 588  
 management 

 adjuvant chemotherapy , 591–592  
 chemotherapy , 590–591  
 comorbidity and functional status , 591  
 limitations , 590  
 locoregional disease , 591, 592  
 metastatic disease , 592–593  
 rectal cancers , 593  

 pathogenesis and pathology 
 adenoma-carcinoma sequence , 587, 588  
 histopathology , 588–589  

 prognostic factors , 588  
 risk factors 

 chemoprevention , 588  
 disease associations , 587  
 environmental and lifestyle , 587, 588  
 familial/genetic syndromes , 587, 589  
 protective factors , 588  

 staging evaluations , 590, 591  
 surveillance , 593–594   

  Colostomy and ileostomy 
 classifi cation 

 brook ileostomy , 615  
 decompressive and diverting , 615  
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 end colostomy , 615, 616  
 Hartman’s procedure , 615  
 transverse colon loop colostomy , 615, 616  

 complications 
 hernia , 618–619  
 management, functional and anatomical stoma , 618  
 peristomal skin , 618  
 stomal stenosis and prolapse , 619  

 fecal diversion , 615  
 lifestyle 

 daily activities , 618  
 dietary modifi cations , 617  
 disposable adherent stoma appliances , 617  
 drug effects , 617–618  
 modifi cations , 616  
 psychological adaptation , 616–617  
 sexual activity , 618  
 traveling , 618   

  Complicated diverticular disease 
 diverticular bleeding 

 gastrointestinal bleeding , 515  
 management , 515  
 pathophysiology , 515  

 diverticulitis 
 complicated , 514–515  
 uncomplicated , 513–514   

  Comprehensive geriatric assessment (CGA) 
 advance directives , 58  
 AGS , 55  
 cargiver support and burden , 65  
 concept , 55  
 elements , 56, 57  
 history and evolution ,56–57  
 life care , 58  
 medication review and reconciliation , 57  
 prevention 

 counseling , 59–60  
 description , 58  
 immunization , 60–61  
 primary , 58  
 secondary , 58  

 psychosocial , 57–58  
 secondary prevention 

 AAA , 63  
 cancer , 64  
 depression , 62  
 diabetes , 62–63  
 dyslipidemia , 63  
 lung disease , 64  
 MMSE tests , 62  
 osteoporosis , 62  
 screening , 61–62  
 visual and hearing impairment , 62  

 team approach 
 consultations , 55–56  
 description , 55  
 members , 55, 56   

  Computed tomographic colonography (CTC) , 555   
  Computed tomography (CT) 

 AMI , 479  
 appendicitis , 609–610  
 IC , 476, 478   

  Constipation 
 defi nition , 337  
 evaluation (   see  Evaluation, constipation) 

 management 
 endoscopy intervention , 346  
 fi ber , 343  
 lifestyle modifi cation (   see  Lifestyle modifi cation, 

constipation) 
 manual fragmentation , 346  
 nonpharmacologic approaches , 342  
 pharmacotherapy (   see  Pharmacotherapy, constipation) 
 surgical and biofeedback therapy , 346  

 Medicare costs , 337  
 pathogenesis 

 motility abnormalities , 338–339  
 structural abnormalities , 339  

 physiological changes, aging 
 colonic motility , 337–338  
 gastric distension and chemical stimulation , 338  
 GI tract , 337  
 opioids , 338  

 refractory, indications , 346   
  Conventional optical colonoscopy (COC) , 249, 251   
  COPD   . See  Chronic obstructive pulmonary disease (COPD)  
  Copper 

 absorption, transport and storage , 181  
 description , 181   

  Corticosteroids, IBD , 486   
  Counseling 

 driving skills , 60  
 environmental disorder , 60  
 moderate intensity activity , 59  
 physical activity , 59  
 tobacco and alcohol , 59  
 unintentional injuries , 60   

  CRC   . See  Colorectal cancer (CRC)  
  CRC screening 

 advantages and disadvantages, test options , 
555–556  

 approach 
 age-specifi c morality , 552  
 colonoscopy and fl exible sigmoidoscopy , 

553–554  
 decision-making , 552  
 fecal DNA test , 553  
 functional assessment and cognitive status , 552  
 g-and i-FOBT , 552–553  
 health risk , 554  
 risk of dying , 552, 553  
 tests , 552  

 colonoscopy , 554  
 guidelines , 549–551  
 older adults 

 application , 549  
 cessation , 549, 551  
 USPSTF guidelines , 549  

 periprocedural complications , 554  
 prevalence , 551  
 techniques 

 CTC and MRC , 555  
 endoscopic , 554   

  Crohn’s disease (CD) 
 diagnosis, older and younger patients , 485  
 GI pathology , 280   

  Cronkhite-Canada syndrome (CCS) , 654   
   Cryptosporidium parvum  , 530   
  CT   . See  Computed tomography (CT)  
  CT angiography (CTA) , 253–254   
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  CT colonography (CTC) 
 adenoma-carcinoma sequence , 249  
 COC (   see  Conventional optical colonoscopy (COC)) 
 2D and 3D images , 249, 251  
 indications , 249, 250  
 polyp measurements , 249   

  CYP   . See  Cytochrome P450 superfamily (CYP)  
  Cystic tumors 

 GGT , 392–393  
 PCL , 392   

  Cytochrome P450 superfamily (CYP) , 409–410   
  Cytotoxic T-Cell lines , 485    

  D 
  DASH   . See  Dietary Approaches to Stop Hypertension (DASH)  
  Deamidated gliadin peptides (DGP) , 503–504   
  Defecography , 536   
  Delorme procedure , 544   
  Dementia 

 aspiration pneumonia , 138–139  
 dysphagia , 139  
 hospital mortality , 140  
 mortality , 138–139  
 nutritional status , 139  
 PEG and aspiration pneumonia , 138   

  Depression 
 IBS , 469  
 and mixed anxiety , 667   

  Dermatitis herpetiformis (DH) , 503   
  DF   . See  Dietary fi ber (DF)  
  DGP   . See  Deamidated gliadin peptides (DGP)  
  DH   . See  Dermatitis herpetiformis (DH)  
  Diabetes , 131   
  Diabetes mellitus , 445   
  Diagnosis 

 dysphagia 
 disorders , 293  
 esophagus  vs.  OPD , 295–296  
 oropharynx , 293–294  
 signs and symptoms , 294  
 therapeutic options , 298  

 gastroparesis 
 confi rm delayed GE , 304  
 etiologies and complications , 304  
 exclude mechanical obstruction , 304  
 gastric motor function, assessment , 304, 305  
 initial evaluation , 304  
 vomiting , 304  

 GERD 
 autoimmune and mechanical disorders , 313  
 Candida esophagitis , 313  
 esophageal 24 h pH testing , 313–314  
 high-dose PPI , 313   

  Diarrhea 
 acute , 353  
 defi nitions , 351–352  
 elderly , 356–358  
 epidemiology , 351  
 etiologies 

 celiac disease , 355  
 diabetic , 355  
 diverticular disease , 354–355  
 fecal incontinence , 355–356  
 infectious gastroenteritis , 353–354  

 infl ammatory bowel diseases , 354  
 irritable bowel syndrome , 355  
 ischemic colitis , 354  
 lactose maldigestion , 355  
 long-term care facilities , 356  
 microscopic colitis , 354  
 obscure origin , 356  
 pancreatic causes, malabsorption , 355  
 small intestinal bacterial overgrowth(SIBO) , 355  
 travelers , 354  
 tube feeding-associated , 354  

 older adult , 351  
 predisposing factors , 352–353  
 predominant treatment, IBS , 471  
 treatment , 359   

  Diarrheal 
 AIDS/HIV , 661  
 diagnosis , 661  
 infections 

 bacteria , 662  
 fungi , 663  
 HIV enteropathy , 663  
 parasitic , 662  
 viral , 662  

 treatment , 661   
  Dietary Approaches to Stop Hypertension (DASH) , 

113–114, 149   
  Dietary fi ber (DF) 

 clinical uses , 198  
 defi nition , 197  
 gastrointestinal function, alterations , 199–200  
 glycemic index , 198–199  
 low fi ber content, foods , 200, 202  
 physiological properties , 198, 199  
 side effects , 200  
 sources , 200, 201  
 types 

 IF , 197  
 SF ,197–198   

  Dietary reference intake (DRI) 
 AI , 145–146  
 description , 145  
 physiologic and epidemiologic factors , 150  
 RDA , 145  
 UL , 146   

  Diet guide, Mayo Clinic , 505   
  Divalent metal ion transporter (DMT1) , 177   
  Diverticular colitis 

 clinical features , 496  
 NSAIDs , 496  
 treatment , 541   

  Diverticular disease (DD) 
 abdominal pain , 326  
 clinical features 

 asymptomatic , 512  
 diverticular bleeding , 515  
 diverticulitis (   see  Diverticulitis) 
 symptomatic uncomplicated , 512–513  

 description , 511  
 diverticulum , 511  
 epidemiology , 511  
 IBS ,469–470  
 incidence , 354–355  
 pathology , 511–512  
 terminology ,511, 512   
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  Diverticulitis 
 complicated 

 abscess , 514  
 fi stula , 514  
 intestinal obstruction , 515  
 perforation and peritonitis , 514–515  

 gastrointestinal radiology , 234  
 GI pathology , 284  
 terminology , 512  
 uncomplicated 

 CT scan , 514  
 DD , 513  
 defi nition , 513  
 diagnosis , 513  
 management , 514  
 treatments , 514  

 United States , 511   
  Diverticulosis , 197, 199  

 acute LGIB , 366  
 angiographic treatment , 368  
 elderly , 368  
 IBS , 469–470  
 urgent colonoscopy , 368   

  DMT1   . See  Divalent metal ion transporter 
(DMT1)  

  DNI   . See  Drug-nutrient interactions (DNI)  
  Drug effects 

 ADR and ADE , 73  
 anus and rectum , 79  
 colon 

 local , 77  
 systemic , 77–78  

 esophagus (   see  Esophagus) 
 mouth 

 ageusia/dysgeusia , 74  
 local effects , 73–74  
 systemic effects , 74  
 xerostomia/dryness , 74  

 pancreas , 79  
 prescribing cascade , 73, 74  
 problems, older adult , 78  
 small bowel 

 description , 76  
 diaphragm disease , 76–77  
 jejunal diverticula , 77  
 local effects , 76–77  
 systemic , 77  

 stomach (   see  Stomach)  
  Drug-induced colitis 

 antibiotics , 497  
 antineoplastic drugs , 498  
 cause , 498  
 clinical features and treatment , 497  
 epidemiology , 497  
 gold therapy , 498  
 laxatives , 497  
 local effects , 498  
 NSAIDs , 497  
 vasoactive drugs , 497   

  Drug-induced liver injury (DILI) 
 clinical patterns 

 autoimmune hepatitis ,412  
 characteristics , 411  
 cholestasis , 412  
 drug-induced vascular injury , 412  

 granulomatous hepatitis , 412  
 hepatocellular , 411–412  
 neoplasia , 412–413  
 steatosis and steatohepatitis , 412  

 diagnosis , 415–416  
 epidemiology , 409  
 geriatric patients , 417  
 management , 416–417  
 mechanisms ,409–410  
 older adults 

 acetaminophen , 413  
 antidepressants , 414–415  
 antidiabetic drugs , 415  
 antihypertensives , 414  
 antimicrobials , 413–414  
 antiseizure medications , 414  
 herbal and dietary supplements , 415  
 neuropsychiatric medications , 414  
 nonsteroidal anti-infl ammatory drugs , 414  
 statins , 414, 415  

 risk factors 
 age , 410  
 alcohol , 411  
 coexisting chronic liver disease , 411  
 drug interactions , 410  
 gender , 410  
 glutathione , 411  
 prior history , 411   

  Drug-induced vascular injury , 412   
  Drug-nutrient interactions (DNI) 

 aging changes 
 corticosteroids , 91  
  ex vivo  bioinactivation , 90  
 factors , 90–91  
 nutrient depletion , 91  
 TFF , 90  

 alcohol , 92  
 bisphosphonates , 93  
 caffeine , 92  
 categories , 89, 90  
 description , 89  
 geriatrics 

 parenteral nutrition and interactions , 94  
 tube feeding , 93–94  

 herbs , 96–97  
 occurrence , 95  
 smoking , 92  
 vitamin B12 , 93  
 vitamin D , 92–93  
 warfarin , 92   

  Dumping syndrome , 120   
  Dysphagia 

 causes 
 esophageal (   see  Esophageal dysphagia) 
 transfer (   see  Transfer dysphagia) 
 classifi cation , 293, 294  
 description , 293  
 diagnosis (   see  Diagnosis, dysphagia)   

  E 
  EACs   . See  Esophageal adenocarcinomas (EACs)  
  EGD   . See  Esophagogastroduodenoscopy (EGD)  
  EHE   . See  Epithelioid hemangioendothelioma (EHE)  
  EIA   . See  Enzyme immunoassay (EIA)  
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  Elderly 
 acute diarrhea , 357–358  
 artifi cial feeding 

 EN , 132  
 PN , 132–133  

 chronic diarrhea , 358  
 diagnosis, IBDs , 354  
 evaluation, acute and chronic diarrhea , 356–358  
 fecal incontinence (FI) , 355–356  
 IBS prevalence , 355  
 systemic symptoms , 356–357   

  EMA   . See  Endomysial antibody (EMA)  
  Empiric antimicrobials , 528   
  EN   . See  Enteral nutrition (EN)  
  Endocrine system 

 clinical impact , 25–26  
 morphology and physiology , 25   

  Endomysial antibody (EMA) , 504   
  Endoscopic retrograde cholangiopancreatography (ERCP) , 442, 444   
  Endoscopic ultrasound (EUS) , 444, 584   
  Endoscopy 

 anticoagulation management , 218  
 colonoscopy ,215–216  
 comorbid disease , 465  
 EGD (   see  Esophagogastroduodenoscopy (EGD)) 
 preprocedure preparation 

 bowel , 216–217  
 diabetics , 216  
 ICDs , 217  

 sedation, analgesia and safety , 217–218   
  Enteral feeding 

 complications ,123–124  
 description , 119   

  Enteral formulas 
 disease specifi c/specialty , 130–131  
 parenteral methods ,131–132   

  Enteral nutrition (EN) 
 complications , 132  
 dementia , 132  
 depression , 132  
 description , 135  
 dysphagia and aspiration , 132  
 methods 

 nasogastric feeding , 129  
 percutaneous gastrostomies , 130  
 postpyloric feeding , 129–130  

 nasogastric feeding , 130  
 orthopedic surgery , 132  
 PEGs , 132  
 postpyloric feeding , 130  
 pressure sores , 132  
 role , 132   

  Enzyme immunoassay (EIA) , 521   
  Epithelioid hemangioendothelioma (EHE) , 396   
  ERCP   . See  Endoscopic retrograde cholangiopancreatography (ERCP)  
   Escherichia coli  

 gastrointestinal infections and antibiotic sensitivity , 528  
 Shiga toxin , 529   

  Esophageal adenocarcinomas (EACs) 
 clinical presentation , 574  
 epidemiology , 571  
 smoking and alcoholism , 573   

  Esophageal cancer 
 agents 

 bevacizumab , 577  
 cetuximab , 576  

 lapatinib , 576  
 trastuzumab , 576  

 clinical presentation , 574  
 diagnosis , 574  
 epidemiology 

 achalasia and structures , 573  
 age/gender , 572  
 alcohol , 573  
 BE (   see  Barrett’s esophagitis (BE)) 
 bisphosphonates role , 574  
 diet , 573  
 EACs , 571  
 GERD , 572  
 incidence rates , 571, 572  
 obesity , 573  
 occupational exposure , 574  
 risk factors , 571–572  
 SCCs , 571  
 smoking , 573  
 tyelosis , 573  

 gastrointestinal radiology , 228  
 management 

 combination chemotherapy , 576  
 early stage , 575  
 locally advanced, stage , 576  
 metastatic , 576  
 options , 575  
 single-agent chemotherapy , 576  
 treatment planning , 575  

 prognosis , 575  
 TNM staging , 574–575  
 treatment , 576   

  Esophageal dysphagia 
 functional , 296–297  
 infl ammation and GERD , 297  
 mechanical causes 

 malignant mechanical obstruction , 297  
 peptic strictures , 298  
 primary esophageal cancer , 297–298  
 solid food, etiology , 295, 298  

 structures, dilation , 298–299   
  Esophageal varices , 366   
  Esophagitis , 120, 123   
  Esophagogastroduodenoscopy (EGD) 

 dyspepsia , 215  
 fi ndings , 215, 216  
 indications , 215, 216  
 sedation , 217   

  Esophagus 
 clinical application , 36  
 description , 35  
 local effects 

 drug , 76–77  
 prevention , 75  

 motility 
 LES , 35–36  
 UES , 35  

 systemic effects 
 GERD , 75  
 LES , 75   

  Etiologic factors, undernutrition 
 demantia , 108  
 depression , 109  
 malnourished , 108  
 oral health , 109  
 polypharmacy , 108   
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  EUS   . See  Endoscopic ultrasound (EUS)  
  Euvolemia , 157–158   
  Evaluation, constipation 

 Bristol stool chart , 340  
 diagnostic tests 

 abdominal radiograph , 340–341  
 anorectal manometry , 341  
 balloon expulsion , 342  
 colonic transit times , 341  
 defecography , 342  
 hypothyroidism , 340  
 pelvic fl oor function , 341  

 lifestyle , 340  
 normal bowel habits , 339  
 onset and duration, symptoms , 340  
 physical examination , 340, 341    

  F 
  False prolapse , 541   
  FAO   . See  Food and Agriculture Organization (FAO)  
  Fecal incontinence (FI) 

 defi nition , 351  
 and diarrhea , 355–356   

  Fecal incontinence quality of life scale , 535   
  Fecal occult blood testing (FOBT) , 264–265   
  FGP   . See  Fundic gland polyps (FGP)  
  FI   . See  Fecal incontinence (FI)  
  Fibronodular hyperplasia (FNH) , 391   
  Fibrovascular polyps ,562–563   
  Flatulence, intestinal gas , 332–333   
  Fluoroscopic percutaneous gastrostomy , 122   
  FOBT   . See  Fecal occult blood testing (FOBT)  
  Folic acid (FA) 

 absorption, transport and storage , 169  
 alcohol and folate , 181  
 clinical manifestations , 170  
 defi ciency , 170  
 description , 169  
 epidemiology , 169  
 folate defi ciency , 170  
 folate requirements , 170–171  
 interactions , 172  
 treatment , 171   

  Food and Agriculture Organization (FAO) , 99   
  Fundic gland polyps (FGP) , 561–562    

  G 
  Gallbladder cancer 

 epidemiology , 426  
 pathogenesis , 426  
 porcelin gallbladder , 426  
 treatment , 426   

  Gallbladder disease 
 acalculous cholecystitis 

 clinical features , 425  
 diagnosis , 425  
 epidemiology , 424  
 pathogenesis , 424–425  
 treatment , 425–426  

 acute cholangitis and treatment , 423  
 acute cholecystitis 

 AIDS cholangiopathy , 424  
 clinical features , 423  
 complications , 424  

 diagnosis , 424  
 emphysematous cholecystitis , 423  
 epidemiology , 423  
 pathogenesis , 423  
 treatment , 424  

 choledocholithiasis and treatment , 422, 423  
 cholelithiasis 

 clinical features , 421–422  
 diagnosis , 422  
 epidemiology , 421  
 pathogenesis , 421  
 treatment , 422  

 chronic disorders 
 cholesterolosis and gallbladder polyps , 458  
 chronic cholecystitis , 458  
 hyperplastic cholecystoses and adenomyomatosis , 458  

 gallbladder cancer 
 epidemiology , 426  
 pathogenesis , 426  
 porcelin gallbladder , 426  
 treatment , 426   

  Gallstones , 422   
  Gamma-glutamyl transferase (GGT) , 392–393   
  Gastric adenocarcinoma , 565   
  Gastric cancers (GC) 

 adenocarcinoma , 565  
 classifi cation , 565  
 clinical features , 566  
 diagnosis , 566  
 epidemiology and aetiology 

 chronic atrophic gastritis , 566  
  H. pylori  infection , 565–566  
 incidence , 565  
 intestinal and diffuse , 565  
 medications , 566  
 risk and predisposing factors , 566  

 GIST , 568  
 incidence and prevalence , 567–568  
 older adults , 567  
 PGLs , 568–569  
 staging , 566  
 treatment , 567   

  Gastric electrical stimulation (GES) , 307   
  Gastric emptying , 198, 199   
  Gastric neoplasms   . See  Gastric cancers (GC)  
  Gastrocutaneous fi stula , 120   
  Gastroenteritis, infectious diarrhea 

 acute viral gastroenteritis , 353  
 bacterial agents, cause , 353  
 diarrhea outbreaks , 356  
 norovirus , 353  
 protozoal infections , 354  
 risk factor , 353   

  Gastroesophageal refl ux disease (GERD) 
 antacids , 314  
 antirefl ux surgery , 316  
 Barrett’s esophagus (BE) , 317  
 clinical features , 313  
 complications , 316  
 diagnosis , 313–314  
 dysphagia , 297, 298  
 epidemiology , 311  
 esophageal adenocarcinoma , 317  
 extraesophageal manifestations , 313  
 H 

2
 RAs , 314–315  

 management , 314  
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Gastroesophageal refl ux disease (GERD) (cont.)
 pathophysiology 

 aerodigestive apparatus , 312  
 antirefl ux barrier , 312  
 factors , 312  
  Helicobacter pylori  , 312  
 HH , 311–312  
 LES and tLESRs , 311  

 PPIs (   see  Proton pump inhibitors (PPIs))  
  Gastrointestinal (GI) bleeding 

 CA and CTA , 251  
 categories , 363  
 endoscopic control , 366  
 endoscopy , 251  
 lower (   see  Lower gastrointestinal bleeding (LGIB)) 
 upper (   see  Upper gastrointestinal bleeding (UGIB))  

  Gastrointestinal cancers 
 adenomatous colonic polyps , 53  
 age-comparative information , 52  
 diagnosis and death , 52  
 esophageal , 52–53  
 pancreatic adenocarcinoma , 53   

  Gastrointestinal disease 
 cancer , 52–53  
 description , 49  
 tract, benign disorders 

 abdominal hernia , 51  
 ambulatory care visits , 49, 50  
 celiac disease , 51  
 diverticular disease , 52  
 gastrointestinal infections , 51–52  
 gastroparesis , 51  
 geriatric population , 49, 50  
 hospital discharges rates , 49, 50  
 IBD , 51  
 pancreatitis , 51  
 peptic ulcer disease , 49–50  
 swallowing disorders and gastroesophageal refl ux , 49  
 upper gastrointestinal bleeding , 50  
 US population projections , 49, 50   

  Gastrointestinal disorders, adult 
 Alexander report , 667  
 depression and mixed anxiety 

 cancer , 667  
 control , 668  
 delirium , 668–669  
 functions , 667  
 gold standard measures , 669  
 monitoring , 668  
 mortality , 668  
 PRISM-E , 667  
 risk , 667  
 treatment , 668  

 emotions , 667  
 mental illness , 667  
 oral manifestations , 453   

  Gastrointestinal (GI) infections 
 acute syndromes 

  Cryptosporidium parvum  infection , 530  
 etiologic agents , 528–529  
 etiologic considerations , 529  
 listeriosis , 529–530  
 noroviruses , 530  
 Shiga toxin , 529  
  Staphylococcus aureus  and  Bacillus cereus  , 528  
 travelers diarrhea , 530  

 disorders , 527  

 host defense , 527  
 immune and nonimmune , 527  
 intraperitoneal, hepatic and splenic abscess , 530–531  
 manifestations , 528  
 pathogenesis , 528  
 principles , 527, 528   

  Gastrointestinal (GI) pathology 
 autoimmune hepatitis , 285  
 Barrett 

 adenocarcinoma , 273  
 dysplasia , 273  
 esophagus , 272  

 bile refl ux gastropathy and chronic gastritis , 277  
 colorectal 

 adenomas , 283  
 cancer , 284  

 description , 271  
 diverticulitis and extranodal lymphoma , 284  
 gallbladder adenocarcinoma , 287  
 gastric adenoacarcinoma and GIST , 278  
 HCC (   see  Hepatocellular carcinoma (HCC)) 
 herpes and eosinophilic esophagitis , 275  
 hypergastrinemia and iron pill gastropathy , 276  
 IPMN and chronic pancreatitis , 289  
 ischemic and pseudomembranous colitis , 281  
 melanosis coli and radiation proctitis , 282  
 metastatic colon cancer , 287  
 NSAID-associated enteropathy and celiac disease , 279  
 pancreatic 

 cancer , 288  
 pseudocyst , 290  
 serous cystadenoma , 288  

 primary biliary cirrhosis , 287  
 refl ux esophagitis , 272  
 serrated colorectal polyps , 283  
 small intestinal diverticulosis , 280  
 squamous cell carcinoma and Candida esophagitis , 274  
 steatohepatitis and primary sclerosing cholangitis , 286  
 UC and CD , 280   

  Gastrointestinal polyps 
 adenomas , 559, 561  
 categorization , 559, 560  
 FGP , 613–614  
 fi brovascular , 561–562  
 hyperplastic , 561  
 IFP , 562  
 incidence and prevalence , 559, 560  
 NETs , 562   

  Gastrointestinal radiology 
 achalasia , 227  
 acute 

 appendicitis , 246  
 cholecystitis , 236, 237  

 appendiceal abscess , 246  
 biliary stent and tree , 238, 239  
 CBD stricture and stones , 238, 239  
 cecal carcinoma , 231, 235  
 cecal volvulus , 234  
 choledocholithiasis , 236  
 diverticulitis , 234  
 enteritis , 230  
 esophageal cancer , 228  
 gallstones and gallbladder cancer , 237, 238  
 gastric cancer , 229  
 gastroparesis , 229  
 hepatic abscess and carcinoma , 243, 244  
 intestinal obstruction , 235  
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 ischemic colitis (IC) , 233  
 left inguinal hernia , 245  
 malignant intraductal papillary mucinous tumor , 248  
 pancreas (   see  Pancreas and gastrointestinal radiology) 
 partial small bowel obstruction , 230  
 perforated viscus , 235  
 peritoneal cavity , 231  
 pneumatosis intestinalis and portal venous air , 245  
 porcelain gallbladder , 238  
 postcholecystectomy , 239  
 pseudomembranous colitis,  C. diffi cile  , 233  
 rectovaginal fi stula , 236  
 sigmoid colon , 232  
 Zenker’s diverticulum , 228   

  Gastrointestinal stromal tumors (GIST) 
 clinical features and diagnosis , 568  
 description , 568  
 staging and treatment , 568   

  Gastrointestinal (GI) system and aging 
 anorectal function , 39  
 colonic motility , 38–39  
 description , 33  
 esophagus (   see  Esophagus) 
 gastric and small bowel motility 

 age-related physiological changes , 37  
 clinical application , 37  
 isotope , 37  
 MMC , 37  

 hepato-biliary system (   see  Hepato-Biliary System) 
 hormones (   see  Hormones) 
 immune function , 38  
 intestinal microfl ora (   see  Intestinal microfl ora) 
 motor function , 33  
 oral changes 

 taste sensation , 34  
 teeth , 34  
 tongue , 34  
 xerostomia , 34  

 stomach 
 clinical application , 36  
  Helicobacter pylori  infection , 36   

  Gastrointestinal (GI) tract 
 argon washout technique , 329  
 bicarbonate and acids , 330  
 colonic bacterial fl ora , 330  
 oxygen, swallowed air , 330  
 volume and composition , 329–330   

  Gastroparesis 
 botulinum toxin , 307  
 clinical presentation , 303–304  
 diagnosis (   see  Diagnosis, gastroparesis) 
 diet and lifestyle modifi cations , 304  
 epidemiology , 301  
 etiology 

 achlorhydria , 303  
 endocrine disorders , 302–303  
 iatrogenic disorders , 303  
 neurological diseases , 302  
 paraneoplastic/cancer-related syndromes , 303  
 renal disease , 303  

 feeding/venting tubes , 307  
 gastric motility 

 aging, effects , 301–302  
 glucose-regulating hormones , 301  
 types, waves , 301  

 gastrointestinal radiology , 229  
 GES , 307  

 pharmacological therapy (   see  Pharmacological therapy, 
gastroparesis) 

 practical approach , 307–308   
  GC   . See  Gastric cancers (GC)  
  GERD   . See  Gastroesophageal refl ux disease (GERD)  
  Geriatric gastroenterology 

 ACO , 12  
 ADLs , 11  
 age-related statistics , 4  
 age  vs.  disease , 3  
 awareness , 5  
 benign and malignant diseases , 8  
 centenarians , 3  
 chronic liver disease , 8  
 chronological age , 3  
 constipation , 7–8  
 dementia , 12  
 demographic shift , 7  
 description , 11  
 diverticular disease , 8  
 electronic medical records , 11  
 geriatrician  vs.  gastroenterologist , 5  
 health care providers , 3  
 IBD , 8  
 later stages, life , 4–5  
 PPI , 7   

  Geriatric gastrointestinal pathology, imaging 
 acute GI bleeding (   see  Gastrointestinal (GI) bleeding) 
 AMI and chronic mesenteric insuffi ciency (   see  Acute mesenteric 

ischemia (AMI)) 
 CA (   see  Catheter-directed angiography (CA)) 
 CTA (   see  CT angiography (CTA)) 
 CTC (   see  CT colonography (CTC)) 
 MRCP (   see  Magnetic resonance imaging 

cholangiopancreatography (MRCP)) 
 scintigraphy , 252–253   

  Geriatric nutritional assessment 
 description , 107  
 overnutrition , 113–114  
 undernutrition, older persons 

 adverse effects , 107–108  
 epidemiology , 107  
 etiologic factors , 108–109  
 management , 110–113  
 nutritional status assessment , 109–110   

  GES   . See  Gastric electrical stimulation (GES)  
  g-FOBT   . See  Guaiac testing fecal occult blood test (g-FOBT)  
  GFR   . See  Glomerular fi ltration rate (GFR)  
   g -Glutamyl-transferase (GGT) 

 ALP , 377  
 levels , 378   

  Giant gastric ulcer , 464   
  GI pathology   . See  Gastrointestinal (GI) pathology  
  GIST   . See  Gastrointestinal stromal tumors (GIST)  
  GI tract   . See  Gastrointestinal (GI) tract  
  Glomerular fi ltration rate (GFR) , 24, 527   
   b -glucan , 197–198   
  Glutathione , 441   
  Glutathione  S -transferases (GST) , 410   
  Glycemic index , 198–199   
  Granulomatous hepatitis , 412   
  Group for Epidemiology and Prevention for Cholelithiasis 

(GREPCO) , 422   
  GST   . See  Glutathione S-transferases (GST)  
  Guaiac testing fecal occult blood test (g-FOBT) , 

552–553   
  Gums , 197, 198, 200    
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  H 
  HCA   . See  Hepatocellular adenoma (HCA)  
  HDC   . See  Hypodermoclysis (HDC)  
  Healthy diet 

 BMI , 205  
 global issues , 209–210  
 nutritional status , 205, 206  
 physical activity , 209, 210  
 physiologic changes, aging , 205, 206  
 recommendations 

 description , 207, 208  
 dietary guidelines, Choose MyPlate.gov , 206–207  

 vitamins and minerals , 209  
 whole grains , 207, 209   

  Heart disease , 626–627   
  Heart failure (HF) ,625   
   Helicobacter pylori  

 eradication , 465  
 infection , 463  
 NSAIDs , 365   

  Hemangioma (HA) , 391   
  Hemicellulose , 197, 198   
  Hemolytic uremic syndrome (HUS) 

 cause , 495  
 complication , 495  
 occurrence , 495  
 treatment , 495–496   

  Hemorrhoids 
 acute LGIB , 366  
 internal, LGIB , 369   

  Hepatic abscess 
 fever of unknown origin (FUO) , 530  
 gastrointestinal infections, older adult , 530  
 malignant disorders , 530  
 organs , 530  
 ORS, characteristics , 531  
 splenic abscess , 530   

  Hepatic synthetic function , 378–380   
  Hepatitis A 

 clinical features and diagnosis , 383, 384  
 prevention , 383  
 treatment , 383   

  Hepatitis B 
 clinical features and diagnosis , 386–387  
 genotypes , 387–388  
 infection , 387  
 reactivation , 388  
 treatment , 388, 389   

  Hepatitis C 
 clinical features and diagnosis , 385  
 extrahepatic manifestations , 385  
 genotypes , 385  
 transmission and risk factors , 385  
 treatment , 385–386   

  Hepatitis E , 383–384   
  Hepatobiliary scintigraphy (HIDA) , 424   
  Hepato-biliary system 

 ALT , 42  
 clinical application 

 gastrointestinal disorder , 42, 44  
 medications impact , 42, 44   

  Hepatocellular adenoma (HCA) , 391–392   
  Hepatocellular carcinoma (HCC) 

 diagnosis , 394  
 GI pathology , 285  
 HBV , 393  

 risk factor , 393  
 treatment , 394–395  
 tumor markers , 394   

  Hepatocellular injury 
 aging , 376–377  
 aminotransferase levels , 376  
 AST:ALT ratio , 376  
 extrahepatic infl uences , 377  
 mild aminotransferase elevations , 375–376  
 ULN , 375   

  Herbs 
 SJW , 95  
 use , 94   

  Hereditary pancreatitis , 442   
  Hernia 

 colostomy and ileostomy , 618–619  
 existence , 612  
 pain , 613  
 symptoms , 612–613   

  Hiatal hernia (HH) , 311–312   
  HIDA   . See  Hepatobiliary scintigraphy (HIDA)  
  Hinchey classifi cation , 514   
  Histamine-2-receptor antagonists (H 

2
 RAs) , 314–315   

  HIV disease 
 gastrointestinal manifestations 

 anorectal disease , 661  
 assessment and management , 659–660  
 beginning , 1981, 659  
 demographics , 660  
 diarrhea (   see  Diarrhea) 
 dysphagia , 660  
 effects, delayed diagnosis , 660  
 gastric disorders , 660  
 hepatobiliary complications , 661, 663  
 Kaposi’s sarcoma , 660  
 malnutrition and wasting , 660  
 Mycobacterium avium complex (MaC) , 660  
 prevalence , 659  

 risk factors, older adults , 659   
  HMAs   . See  Hypochromic, microcytic anemias (HMAs)  
  Homocysteine , 264, 266   
  Hormone replacement therapy , 61   
  Hormones 

 CCK , 39  
 clinical application , 41–42  
 description , 39  
 gastrin , 39  
 ghrelin , 41  
 GLP-1 , 40  
 glucagon peptide superfamily , 40  
 gut hormones , 42, 43  
 insulin-releasing polypeptide , 40  
 leptin , 41  
 motilin , 41  
 oxyntomodulin , 41  
 PP , 40–41  
 secretin , 39–40  
 somatostatin , 41  
 VIP , 40   

  Hospice care , 599–600   
  H 

2
 RAs   . See  Histamine-2-receptor antagonists (H 

2
 RAs)  

  HUS   . See  Hemolytic uremic syndrome (HUS)  
  Hyperkalemia , 149   
  Hyperlipidemia , 197, 631   
  Hyperplastic polyps , 561   
  Hypertension , 631   
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  Hypochromic, microcytic anemias (HMAs) , 180   
  Hypodermoclysis (HDC) , 131   
  Hyponatremia , 158    

  I 
  IBD   . See  Infl ammatory bowel disease (IBD)  
  IBS   . See  Irritable bowel syndrome (IBS)  
  IC   . See  Ischemic colitis (IC)  
  ICC   . See  Intrahepatic cholangiocarcinoma (ICC)  
  ICDs   . See  Implantable cardioverter defi brillators (ICDs)  
  IED   . See  Immune-enhancing diets (IED)  
  IF   . See  Insoluble fi ber (IF)  
  i-FOBT   . See  Immunochemical fecal occult blood test (i-FOBT)  
  IFP   . See  Infl ammatory fi broid polyp (IFP)  
  II   . See  Intestinal ischemia (II)  
  Immune dysregulation , 484–485   
  Immune-enhancing diets (IED) , 131   
  Immune function 

 clinical impact , 27  
 microglial immunosenescence , 26–27  
 T and B lymphocyte , 26   

  Immunization 
 description , 60  
 hormone replacement therapy , 61  
 older adults , 61   

  Immunochemical fecal occult blood test (i-FOBT) , 552–553   
  Implantable cardioverter defi brillators (ICDs) , 217   
  Infl ammatory bowel disease (IBD) 

 acute diarrhea , 357  
 CDAD , 521  
  C. diffi cile  infection , 520  
 chronic diarrhea , 358  
 Crohn’s disease , 483  
 defi nition , 483  
 diagnosis 

 antibodies , 485  
 computerized tomography , 485  
 Crohn’s disease , 485  
 ulcerative colitis , 485–486  

 epidemiology , 483–484  
 extraintestinal manifestations , 488, 489  
 medical treatment 

 anti-tumor necrosis factor drugs , 487  
 corticosteroids , 486  
 purine analogs , 487  
 sulfasalazine and 5-aminosalycilates , 486  
 surgery , 487–488  

 mortality rate , 488  
 older adult , 488  
 pathogenesis 

 environmental factors , 484  
 genetic factors , 484  
 immune dysregulation , 484–485   

  Infl ammatory fi broid polyp (IFP) , 562   
  Infl iximab , 487   
  Insoluble fi ber (IF) , 197   
  Intestinal gas 

 belching , 331  
 bloating (   see  Bloating, intestinal gas) 
 challenges , 333  
 description , 329  
 extra-oral halitosis , 331  
 fl atulence , 332–333  
 GI tract (   see  Gastrointestinal (GI) tract) 
 hydrogen (H 

2
 ) , 330  

 methane (CH 
4
 ) and oxygen (O 

2
 ) , 331  

 nitrogen(N 
2
 ) and carbon dioxide (CO 

2
 ) , 330  

 non-pharmacologic therapy (   see  Non-pharmacologic therapy, 
intestinal gas) 

 pharmacological therapy (   see  Pharmacological therapy, intestinal 
gas)  

  Intestinal ischemia (II) 
 IC , 475–478  
 MI 
 AMI (   see  Acute mesenteric ischemia (AMI)) 
 CMI (   see  Chronic MI (CMI)) 
 pathophysiology 

 arterial supply, digestive system , 475, 476  
 ischemic injury , 475  
 spectrum and frequency, intestinal ischemia , 475, 476  
 splenic fl exure , 475  

 vascular abdominal emergencies , 475   
  Intestinal microfl ora 

 clinical application , 38  
 proximal small intestine , 38   

  Intraductal papillary mucinous neoplasm (IPMN) , 289   
  Intraepithelial lymphocyte , 504   
  Intrahepatic cholangiocarcinoma (ICC) 

 description , 393  
 diagnosis , 393  
 management , 393   

  Intravenous fl uid administration 
 infusion 

 achieving euvolemia , 157–158  
 achieving isotonicity , 158  
 maintenance fl uid requirements , 157  

 sodium , 155–157  
 water , 153–155   

  Introducer method 
 fl uoroscopic percutaneous gastrostomy , 122  
 surgical gastrostomy , 122   

  IPMN   . See  Intraductal papillary mucinous neoplasm (IPMN)  
  Iron 

 clinical features , 179  
 content, food , 178, 179  
 defi ciency , 178–179  
 description , 177  
 diagnosis 

 HMAs , 180  
 serum ferritin assay , 179  

 physiology 
 DMT1 , 177  
 factors , 177–178  
 hepcidin , 177  

 replacement 
 iron-zinc interactions , 181  
 parenteral iron formulations , 180   

  Irritable bowel syndrome (IBS) 
 algorithmic approach, older patient , 470  
 constipation , 102  
 depression , 469  
 diagnosis , 468–469  
 diverticular disease/diverticulosis , 469–470  
 epidemiology, geriatric age group , 467–468  
 management , 470–471  
 microscopic colitis , 469  
 neurological disorders , 470  
 pathophysiology , 468  
 polypharmacy , 470  
 SIBO , 459   

  IRSIC   . See  Isolated right sided IC (IRSIC)  
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  Ischemic colitis (IC) 
 abdominal pain , 476  
 after AAA repair , 476  
 arterial supply, colon and distribution , 

476, 477  
 causes , 476, 477  
 clinical features , 494–495  
 colonoscopy and endoscopic biopsy , 476, 478  
 description , 475  
 diagnosis , 476  
 IRSIC , 476  
 risk factor , 476  
 treatment , 478  
 United States and Western Europe , 494   

  Isolated right sided IC (IRSIC) , 476    

  J 
  Jejunostomy , 120, 123    

  K 
  Kegel exercises , 536–537   
  Kidney 

 clinical impact , 24  
 morphology and physiology 

 aging , 24  
 GFR , 24  
 serum creatinine levels , 24    

  L 
  Laboratory tests 

 description , 261  
 documentation , 262  
 endoscopy , 266  
 individualization 

 acute pancreatitis , 265  
 antinuclear antibodies , 265–266  
 bleeding and coagulation , 265  
 celiac disease , 265  
  Clostridium diffi cile  , 265  
 diabetes , 265  
 FOBT (   see  Fecal occult blood testing (FOBT)) 
 homocysteine , 266  
 vitamin D status , 265  

 manifestations , 261  
 preprocedure testing , 266  
 routine (   see  Routine testing) 
 screening program , 262   

  Lactose maldigestion , 355   
  Laxatives 

 bulk , 344  
 misuse , 345–346  
 saline , 344  
 stimulant and osmotic , 345   

  LC   . See  Lymphocytic colitis (LC)  
  LES   . See  Lower esophageal sphincter (LES)  
  LFTs   . See  Liver function tests (LFTs)  
  LGIB   . See  Lower gastrointestinal bleeding (LGIB)  
  Lifestyle modifi cation, constipation 

 bowel training and education , 342–343  
 exercise and diet , 343   

  Lignins , 197, 198, 200   
   Listeria monocytogenes  , 529–530   
  Liver 

 benign tumors 

 cystic , 392–393  
 HA and FNH , 391  
 HCA , 391–392  
 NRH , 392  

 EHE , 396  
 evaluation , 391, 392  
 malignant tumors , 393–395  
 metastases , 396   

  Liver disease and arthropathy , 697   
  Liver function tests (LFTs) 

 cholestasis , 377–378  
 hepatic synthetic function , 378–380  
 hepatocellular injury (   see  Hepatocellular injury) 
 liver diseases , 375, 377  
 and mortality , 380  
 practice , 375   

  Liver injury 
 acetaminophen related , 413  
 drug-induced , 417  
 herbals , 416  
 older adults, drugs predisposition , 412  
 statin related , 415   

  Lord’s procedure , 535   
  Lower esophageal sphincter (LES) 

 effect, smoking , 314  
 pH testing , 314  
 pressure , 311, 314, 316  
 relaxation , 312, 316   

  Lower gastrointestinal bleeding (LGIB) 
 cause , 369  
 colitis , 369  
 diverticulosis , 368  
 endoscopic management , 367–368  
 initial evaluation and resuscitation , 367  
 internal hemorrhoids , 369  
 neoplasms , 369  
 non-endoscopic management , 368  
 radiation proctitis and anal fi ssures , 369  
 vascular ectasias , 369   

  Lymphocytic colitis (LC) , 469, 494    

  M 
  Magnetic resonance angiography (MRA) 

 AMI , 479  
 CMI , 479   

  Magnetic resonance colonography (MRC) , 555   
  Magnetic resonance imaging cholangiopancreatography 

(MRCP) , 249, 250   
  Malignant liver tumors 

 HCC , 393–395  
 ICC , 393   

  Manning criteria , 467   
  Marsh classifi cation , 504   
  MC   . See  Microscopic colitis (MC)  
  Mental illness , 667   
  6-Mercaptopurine (6-MP) , 487   
  Mesalamine , 486   
  Mesenteric ischemia (MI) 

 AMI (   see  Acute mesenteric ischemia 
(AMI)) 

 CMI (   see  Chronic MI (CMI))  
  Microscopic colitis (MC) 

 clinical features , 493–494  
 epidemiology , 493  
 treatment , 494   

  Migrating motor complex (MMC) , 37   
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  Mini-Mental State Examination (MMSE) test , 62   
  Minimum daily water losses , 146   
  Mini Nutritional Assessment (MNA) , 111   
  MMC   . See  Migrating motor complex (MMC)  
  MMSE   . See  Mini-Mental State Examination 

(MMSE)  
  MNA   . See  Mini Nutritional Assessment (MNA)  
  Mortality, liver function tests , 380   
  6-MP   . See  6-Mercaptopurine (6-MP)  
  MRA   . See  Magnetic resonance angiography 

(MRA)  
  MRC   . See  Magnetic resonance colonography 

(MRC)  
  Mucilages , 197, 198   
  Mucocutaneous manifestations, gastrointestinal disease 

 aging , 647  
 disorders , 647  
 esophagus and stomach 

 acanthosis nigricans, neck , 649–650  
 epidermolysis bullosa , 648–649  
 Paterson’Brown Kelly syndrome , 648  
 Plummer’Vinson syndrome (PVS) , 648  
 scleroderma and systemic sclerosis , 649  
 Stevens’Johnsons syndrome (SJS) , 649  
 treatment , 650  
 tripe palms heralds , 650  
 tylosis , 648  

 gastrointestinal tract , 647  
 glossitis, B2 defi ciency , 655  
 intestines 

 blue rubber bleb nevus syndrome , 652, 653  
 dermatitis herpetiformis (DH) , 653  
 dermatology , 652  
 infl ammatory bowel disease (IBD) , 653  
 linear epidermal nevus , 653  
 mutations, serine theronine kinase genes , 652  
 PJS , 652  

 liver and pancreas 
 fatigue , 650  
 fat necrosis , 651  
 glucagonoma , 651  
 hemochromatosis , 650  
 lichen planus , 651–652  
 mutations, HFE gene , 650  
 porphyria cutanea tarda (PCT) , 650  
 skin discoloration , 650  
 treatment , 650  

 malabsorption and motility disorders , 655  
 medications , 655  
 nutritional defi ciencies , 655  
 oral cavity 

 HHV-8 KS , 647  
 Kaposi’s sarcoma , 647  
 lesions , 647  
 mouth , 647  
 sarcoma, HIV patient , 647  
 treatment , 647  
 white exudats , 647  
 yeast fungi,  Candia  , 647  

 parasitic diseases 
 leishmaniasis , 654  
 stronglyoides , 654  

 visceral neoplasms , 654   
  Mucosal prolapse 

 edema , 543  
 PPH procedure , 543   

  Muir-Torre syndrome (MTS) , 654    

  N 
   N -acetyl- p -benzoquinone imine (NAPQ1) , 413   
  NAFLD   . See  Nonalcoholic fatty liver disease (NAFLD)  
  NAPQ1   . See N -acetyl- p -benzoquinone imine (NAPQ1)  
  Nasogastric feeding , 129   
  Nasogastric (NG) tube feeding , 129   
  National Health and Nutrition Examination Survey (NHANES) , 210, 533   
  Natural Orifi ce Transluminal Endoscopic Surgery (NOTES) , 422   
  Neoplasia , 412   
  NERD   . See  Nonerosive refl ux disease (NERD)  
  Nervous system 

 clinical impact , 26  
 morphology and physiology , 26   

  NETs   . See  Neuroendocrine tumors (NETs)  
  Neuroendocrine tumors (NETs) , 562   
  Neuropsychiatric medications , 414   
  NHANES   . See  National Health and Nutrition Examination Survey 

(NHANES)  
  Nodular regenerative hyperplasia (NRH) , 392   
  NOMI   . See  Nonocclusive mesenteric ischemia (NOMI)  
  Nonalcoholic fatty liver disease (NAFLD) 

 causes , 399, 400  
 complication , 402  
 diagnosis 

 clinical evaluation , 400–401  
 imaging studies , 401  

 epidemiology and prevalence , 399–400  
 management 

 insulin-sensitizing agents , 403  
 lipid-lowering agents , 402–403  
 pentoxifylline , 403  
 TZD , 403  
 urodeoxycholic acid , 403  
 vitamins C and E , 403  

 metabolic syndrome , 399, 400  
 pathology 

 liver biopsy , 402  
 scoring system , 402  

 pathophysiology , 401–402   
  Nonalcoholic steatohepatitis (NASH)   . See  Nonalcoholic fatty liver 

disease (NAFLD)  
  Nonerosive refl ux disease (NERD) , 459   
  Non-IBD and noninfectious colitis 

 diverticular colitis (   see  Diverticular colitis) 
 drug-induced colitis (   see  Drug-induced colitis) 
 IC (   see  Ischemic Colitis (IC)) 
 MC (   see  Microscopic colitis (MC)) 
 older adults , 493  
 radiation colitis (   see  Radiation colitis) 
 uremic colitis (   see  Uremic colitis)  

  Nonocclusive mesenteric ischemia (NOMI) , 478   
  Non-pharmacologic therapy, intestinal gas 

 emotional factors , 33  
 gas-producing foods , 333, 334  
 helpful tips, gas control , 333, 334  
 lactose-free foods , 333, 334  
 nondairy food sources, calcium , 333, 334   

  Nonsteroidal anti-infl ammatory drugs (NSAIDs) 
 acute phosphate nephropathy risk factors , 368  
 cause , 497  
 diverticular bleeding , 515  
 gastrointestinal tract , 497  
 induced ulcers , 222, 223  
 peptic ulcer disease , 365–366  
 risk factor, PUD , 464  
 treatment , 464  
 use , 464   
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  Noroviruses , 530   
  NOTES   . See  Natural Orifi ce Transluminal Endoscopic Surgery (NOTES)  
  NRH   . See  Nodular regenerative hyperplasia (NRH)  
  NSAIDs   . See  Nonsteroidal anti-infl ammatory drugs (NSAIDs)  
  Nutrition 

 description , 127  
 enteral formula, types 

 diabetes , 131  
 fi ber , 130  
 IED , 131  
 liver failure , 131  
 malabsorption, maldigestion and bowel , 130–131  
 obstructive lung disease , 131  
 renal failure , 131  

 hydration , 131  
 indications 

 mechanical obstruction , 127  
 nutritional and fl uid management , 127, 128  
 parenteral rehydration , 129  
 postpyloric feeding , 128  

 malnutrition 
 pathophysiology , 127, 128  
 prevalence , 127  

 oral nutritional supplements 
 description , 129  
 EN , 129–130  

 PN , 132–133  
 screening and assessment , 127   

  Nutritional status assessment, older persons 
 MNA , 110, 111  
 SNAQ, 109–110 
 weight measurement , 109    

  O 
  Obligatory sodium losses , 149   
  Obscure gastrointestinal bleeding (OGIB) , 221–222   
  Obstructive lung disease , 131   
  OGIB   . See  Obscure gastrointestinal bleeding (OGIB)  
  Older adults 

 causes 
 acute diarrhea , 352  
 chronic diarrhea , 353  

 complications, diarrhea , 351, 352  
 depression , 469  
 IBS , 467   

  OPD   . See  Oropharyngeal dysphagia (OPD)  
  Operative treatment, rectal prolapse 

 Altemeier procedure , 544  
 Delorme procedure , 544  
 laparoscopy and minimally invasive surgery , 545  
 mucosal prolapse , 543  
 multiple surgical procedures , 543  
 patient’s preexisting bowel function , 545  
 perineal approach , 544  
 polyvinyl alcohol , 545  
 trans-abdominal approach , 545   

  Oral cavity , 455   
  Oral health, older adults 

 access and barriers to care , 451–452  
 cardiovascular disease , 453  
 elderly , 454  
 gastrointestinal disorders , 453  
 interrelationship , 451  
 medications , 454–455  
 oral-to-systemic health and disease , 452  

 periodontal infl ammation and gastrointestinal disorders , 452–453  
 tooth loss , 451   

  Oral nutritional supplements , 129   
  Oral rehydrating solutions (ORS) , 531   
  Oropharyngeal dysphagia (OPD) , 295   
  ORS   . See  Oral rehydrating solutions (ORS)  
  Osteoporosis , CD, 502   
  Overnutrition 

 BMI , 113  
 DASH , 113–114  
 geriatric nutritional assessment , 114    

  P 
  Palliative care 

 ascites , 602–603  
 constipation , 603  
 defi nition , 599  
 etiologies 

 anorexia , 601  
 enteral/parental feeding , 601–602  
 enteral tube feeding , 602  
 inadequate oral intake , 601  
 total parental nutritional (TPN) , 602  

 geriatric gastroenterology issues , 601, 602  
  vs.  hospice care , 599–600  
 integration , 599, 600  
 intestinal obstruction , 603  
 measures and outcomes 

 activities of daily living (ADLs) , 600  
 functional abilities ,600  
 geriatric care delivery barriers , 601  
 interventions , 600–601   

  Pancreas and gastrointestinal radiology 
 acute necrotizing pancreatitis , 243  
 chronic pancreatitis, stones , 242  
 cystic tumor , 240, 241  
 fatty liver , 241  
 normal , 240  
 pancreatic cancer , 239  
 pancreatic mass , 247  
 pseudocyst , 240, 242   

  Pancreatic cancer 
 clinical presentation 

 signs , 582–583  
 symptoms , 582  

 description , 581  
 diagnosis 

 EUS , 584  
 imaging , 583–584  
 tumor markers , 583  

 epidemiology , 581  
 management , 583  
 pathology , 582  
 prognosis , 584  
 risk factors 

 environmental and dietary , 581  
 female hormone use , 582  
 genetic/hereditary , 581, 582  
 host , 581–582  

 screening , 584  
 treatment 

 chemotherapy and radiotherapy , 584  
 palliation , 584  
 surgery , 584   

  Pancreatic insuffi ciency , 503   
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  Pancretic polypeptide (PP) , 40   
  Parenteral nutrition 

 geriatric patients , 132–133  
 refeeding syndrome , 133  
 TPN , 133   

  PCL   . See  Polycystic liver disease (PCL)  
  Pectin , 197, 198   
  PEG   . See  Percutaneous endoscopic gastrostomy (PEG)  
  PEJ   . See  Percutaneous endoscopic jejunostomy (PEJ)  
  Pelvic fl oor dysfunction , 339, 341, 342   
  Pelvic fl oor exercises , 536–537   
  Peptic ulcer disease (PUD) 

 abdominal pain , 325  
 acute UGIB , 364  
 clinical features 

 cyclooxygenase (COX-2) , 464  
 epigastric pain , 464  
 gastrointestinal bleeding , 464  
 giant gastric ulcers , 464  
 peritonitis , 464  

 complications , 465  
 diagnosis , 465  
 elderly, UGIB , 364–365  
 etiology 

  H. pylori  , 463  
 NSAIDs , 464  

 older adults, United Kingdom , 463  
 pathophysiology , 463  
 treatment 

 gastrointestinal bleeding , 465  
 perforated peptic ulcer , 465  
 PPI-based triple therapy , 465  
 quadruple therapy, options , 466   

  Percutaneous endoscopic gastrojejunostomy 
 jejunostomy tubes , 123  
 PEJ , 123   

  Percutaneous endoscopic gastrostomy (PEG) 
 appropriate indications , 137  
 caregiver and provider discussions , 141  
 dementia , 138–140  
 description , 119, 120, 137  
 ethical aspects , 140  
 reasons and expectations , 138  
 replacement , 123  
 technique 

 indications and contraindications , 119, 120  
 introducer method , 122  
 pull technique , 121–122  
 push technique , 121, 122  

 tube-related consequences , 141   
  Percutaneous endoscopic jejunostomy (PEJ) , 123   
  Percutaneous transluminal angioplasty (PTA) , 479   
  Perineal 

 approach , 544  
 proctosigmoidectomy , 544   

  Peritonitis , 120   
  PGLs   . See  Primary gastric lymphomas (PGLs)  
  Pharmacological therapy 

 gastroparesis 
 antiemetics , 305, 306  
 domperidone , 306–307  
 erythromycin , 307  
 exacerbating factors , 305  
 histamine-2 receptor antagonists , 307  
 pain control and psychopharmacology , 305  
 prokinetic agents , 305, 306  

 intestinal gas 
 anticholinergic/ant-spasmodic agents , 335  
 pancreatic enzymes , 335  
 probiotics , 334–335  
 prokinetic agents , 335   

  Pharmacotherapy, constipation 
 bulk laxatives , 344  
 enemas , 345  
 laxative abuse/misuse , 346  
 osmotic laxatives , 345  
 pharmacological agents , 343, 344  
 prokinetic and newer agents , 345  
 saline and stimulant laxatives , 344–345  
 stool softeners and emollients , 343   

  PMC   . See  Pseudomembranous colitis (PMC)  
  Pneumoperitoneum , 120, 124   
  PNTML   . See  Pudendal nerve terminal motor latency (PNTML)  
  Polycystic liver disease (PCL) , 392   
  Post-pyloric feeding , 129–130   
  Potassium 

 AI , 148  
 clinical conditions , 148  
 daily intake , 148  
 dietary reference intakes , 150  
 excretion rate , 148–149  
 foods , 147–148  
 kidneys , 147  
 preponderance , 148   

  PP   . See  Pancretic polypeptide (PP)  
  PPIs   . See  Proton pump inhibitors (PPIs)  
  Prebiotics , 200   
  Primary gastric lymphomas (PGLs) 

 clinical features and diagnosis , 568  
 description , 568–569  
 staging and treatment , 568–569   

  Probiotics 
 constipation and IBS 

 cause , 102  
 use, health , 102, 103  

 diarrhea 
 AAD , 102  
 causes , 101  

 FAO , 99  
 immunity , 101  
 microfl ora 

  Bifi dobacterium and Lactobacillus  , 99  
 techniques , 99–100  

 transit time , 100  
 treatment, IBS , 471   

  Procidentia , 541, 542   
  Proton pump inhibitors (PPIs) 

 GERD 
 clopidogrel interaction , 315  
 description , 315  
 drug’drug interactions , 315  
 failure and recommended approach , 315  
 osteoporosis and fractures , 316  
 therapy and enteric infections , 316  
 use and pneumonia , 315–316  

 quadruple therapy, options , 466  
 risks , 366  
 treatment, PUD , 465  
 UGIB patients , 364   

  Pseudomembranous colitis (PMC) , 519   
  PTA   . See  Percutaneous transluminal angioplasty (PTA)  
  PUD   . See  Peptic ulcer disease (PUD)  
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  Pudendal nerve terminal motor latency (PNTML) , 536   
  Pull technique , 121–122   
  Push technique 

 EGD , 121  
 endoscopic fi nger impression , 121  
 external bumper, gastrostomy tube , 121, 122  
 gastrostomy tube , 121, 122  
 incision , 121  
 internal bumper, endoscopic view , 121, 122  
 snare , 121, 122    

  R 
  Radiation colitis 

 clinical features , 496  
 treatment , 496   

  Radiofrequency energy, AI treatment , 538   
  RAIR   . See  Rectoanal inhibitory refl ex (RAIR)  
  Ranson’s criteria , 434   
  RCD   . See  Refractory CD (RCD)  
  Recommended dietary allowance (RDA) 

 AI , 145–146  
 EAR , 146  
 RNIs , 145   

  Recommended nutritional intake (RNI) , 145   
  Rectal prolapse 

 clinical classifi cation , 541  
 defi nition , 541  
 etiology 

 anatomy and physiology , 542  
 associated disorders , 542  
 evaluation , 542–543  
 gastrointestinal associations , 542  
 theories , 541–542  

 false prolapse , 541  
 nonoperative treatment , 543  
 operative treatment 

 Altemeier procedure , 544  
 Delorme procedure , 544  
 laparoscopy and minimally invasive surgery , 545  
 mucosal prolapse , 543  
 multiple surgical procedures , 543  
 patient’s preexisting bowel function , 545  
 perineal approach , 544  
 polyvinyl alcohol , 545  
 trans-abdominal approach , 545   

  Rectoanal inhibitory refl ex (RAIR) , 534   
  Refeeding syndrome , 133   
  Refractory CD (RCD) , 506   
  Respiratory system 

 clinical impact , 23  
 morphology and physiology 

 aging , 23  
 thoracic rib cage , 22–23   

  Rheumatological manifestations 
 celiac , 641  
 diagnosis , 637  
 gastrointestinal disorders , 637–638  
 liver disease and arthropathy 

 EHM , 639–640  
 hepatitis B , 640  
 hepatitis C , 640  
 nonviral disorders , 641  

 pancreatic disorders , 641  
 pathogenesis 

 ANCA , 639  
 Crohn’s disease , 639  

 gut organisms , 637  
 HLA B27 , 639  
 peripheral and axial anthropathy, colitis , 639  
 peripheral joint infl ammation , 637  
 sacroiliitis , 637–638  
 sulfasalazine , 638  
 therapy , 639  

 postsurgical arthritis , 642  
 prevalence , 637  
 reactive arthritis (ReA) , 636–637  
 spondyloarthropathies and IBD 

 genetic loci , 638  
 hypermobility syndrome , 638–639  
 mechanisms , 638  
 prevalence , 638  

 whipple , 642  
 Wilson’s disease , 642   

  Rheumatological manifestations GI , 642   
  Rome III criteria , 468   
  Routine liver function tests , 85   
  Routine testing 

 description , 262  
 ferritin, B12 and folic acid , 262–263  
 hemoglobin and hematocrit , 262  
 LFTs , 263  
 renal function , 263  
 sedimentation rates , 264  
 serum albumin and lipids , 264    

  S 
  Sacral nerve stimulation (SNS) 

 indications , 538  
 long-term data , 538  
 United States , 538   

  SBBO   . See  Small bowel bacterial overgrowth (SBBO)  
  SCCs   . See  Squamous cell carcinomas (SCCs)  
  SCFAs   . See  Short chain fatty acids (SCFAs)  
  SECCA procedure , 538   
  Serological tests , 504   
  Serum albumin , 264, 266   
  Serum ferritin assay , 179   
  SF   . See  Soluble fi ber (SF)  
  Shiga toxin,  E. coli  

 clinical presentation , 529  
 sequele , 529  
 transmission , 529   

  Short chain fatty acids (SCFAs) , 198–200   
  SIBO   . See  Small intestinal bacterial overgrowth (SIBO)  
  Simplifi ed Nutritional Appetite Questionnaire (SNAQ) , 109–110   
  SIRS   . See  Systemic infl ammatory response (SIRS)  
  SJW   . See  St. John’s wort (SJW)  
  Skin and hair 

 clinical impact , 19  
 morphology and physiology 

 graying , 19  
 UVA and UVB rays , 19   

  Small bowel bacterial overgrowth (SBBO) , 355, 459   
  Small intestinal bacterial overgrowth (SIBO) syndrome 

 bloating, intestinal gas , 331, 332  
 defi nition , 457  
 diagnosis , 460–461  
 management , 461  
 manifestations , 459–460  
 normal gut fl ora , 457  
 prevalence , 458  
 risk factors and predisposition , 458–459  
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 role, IBS , 468  
 special considerations, elderly , 461   

  Smoking , 631   
  SNAQ   . See  Simplifi ed Nutritional Appetite Questionnaire 

(SNAQ)  
  SNS   . See  Sacral nerve stimulation (SNS)  
  Sodium 

 content levels , 156, 157  
 distribution, body , 155  
 elimination , 155, 156  
 salt substitutes , 156, 157   

  Sodium and chloride 
 AI , 150  
 daily obligatory , 149  
 DASH , 149  
 description , 149  
 dietary reference intakes , 150   

  Sodium intake , 150   
  Soluble fi ber (SF) , 197–198   
  Sphincteroplasty , 538   
  Splenic abscess , 530   
  Squamous cell carcinomas (SCCs) 

 clinical presentation , 574  
 epidemiology , 571  
 smoking and alcoholism , 573   

  Steatohepatitis , DILI, 412   
  Steatorrhea , 445   
  Steatosis , DILI, 412   
  St. John’s wort (SJW) herbs , 95   
  Stomach 

 local , 75–76  
 NSAIDs and COX 2 receptor , 75  
 systemic , 76   

  Sulfasalazine , 486   
  Superior mesenteric artery (SMA) , 254–256   
  Surgical gastrostomy , 122   
  Symptomatic uncomplicated diverticular disease (SUDD) 

 anticholinergics and antispasmodics, role , 513  
 IBD , 513  
 muscular hypertonicity , 513  
 pathogenesis , 513–514   

  Systemic diseases, GI and hepatic manifestations 
 characteristics and treatment, amyloidosis , 624, 625  
 diabetes mellitus 

 celiac disease , 623  
 diarrhea , 623–624  
 gastric emptying , 623  
 glycemic control , 623  
 management , 624  
 modalities , 623  
 pyrosis , 623  
 type 1 and type 2 , 623  

 heart disease , 626–627  
 kidney , 627  
 prevalence , 623  
 sarcoidosis , 625–626  
 scleroderma , 626  
 thyroid (   see  Thyroid)  

  Systemic infl ammatory response (SIRS) , 429, 430    

  T 
  Taste sensation 

 clinical application , 35  
 olfaction , 34  
 taste bud , 34   

  TD   . See  Travelers diarrhea (TD)  

  TFF   . See  Tube feeding formulations (TFF)  
  Thiazolidinediones (TZD) , 403   
  Thyroid 

 dyspepsia and nausea , 403  
 hashimoto , 624  
 heart failure (HF) , 625  
 hepatitis B and C , 625  
 hypothyroidism , 625  
 liver disease , 625  
 MCT , 625   

  tLESRs   . See  Transient episodic LES relaxations (tLESRs)  
  TNM staging   . See  Tumor-node-metastasis (TNM) staging  
  Tolerable upper intake level concept , 146   
  Total parenteral nutrition (TPN) , 133   
  TPN   . See  Total parenteral nutrition (TPN)  
  Trans-abdominal approach , 544–545   
  Transfer dysphagia 

 functional , 296  
 mechanical causes , 3296   

  Transient episodic LES relaxations (tLESRs) , 311, 316   
  Travelers diarrhea (TD) , 354   
  Tropical pancreatitis , 442   
  Tube dislodgement , 120   
  Tube feeding 

 complications , 123–124  
 description , 119  
 drug-enteral nutrition interaction , 93–94  
 nasogastric , 119, 120  
 PEG (   see  Percutaneous endoscopic gastrostomy (PEG)) 
 percutaneous endoscopic gastrojejunostomy , 123  
 psychotropic liquid formulations and interactions , 93, 94   

  Tube feeding formulations (TFF) , 90   
  Tube migration , 120   
  Tumor-node-metastasis (TNM) staging , 574–575   
  Tyelosis , 573   
  TZD   . See  Thiazolidinediones (TZD)   

  U 
  UC   . See  Ulcerative colitis (UC)  
  UCDA   . See  Ursodeoxycholic acid (UCDA)  
  UES   . See  Upper esophageal sphincter (UES)  
  UGIB   . See  Upper gastrointestinal bleeding (UGIB)  
  Ulcerative colitis (UC) 

 diagnosis, older and younger patients , 485–486  
 GI pathology , 280   

  ULN   . See  Upper limit of normal (ULN)  
  Undernutrition, management 

 lactose and gluten-free oral nutritional supplements , 
110, 112  

 malnutrition , 112  
 sarcopenia and cachexia , 110   

  Upper esophageal sphincter (UES) , 35–36   
  Upper gastrointestinal bleeding (UGIB) 

 endoscopic management , 364–365  
 esophageal varices , 366  
 GI bleeding , 363  
 initial evaluation and resuscitation 

 hemoglobin level , 364  
 intensive care , 364  
 laboratory studies , 363  
 measurement , 364  
 NSAIDs , 363  
 PPI therapy , 364  
 rectal examination and nasogastric tube aspiration , 363  
 severity , 363  

Upper gastrointestinal bleeding (UGIB) (cont.)
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 less common causes, elderly , 366  
 non-endoscopic management , 365  
 peptic ulcer disease , 365–366   

  Upper limit of normal (ULN) , 375   
  Uremic colitis 

 clinical features , 495  
 HUS , 495  
 risk factors , 495  
 treatment , 495–496   

  Ursodeoxycholic acid (UCDA) , 422   
  The US Preventive Services Task Force (USPSTF) 

guidelines , 549    

  V 
  Vascular ectasias 

 acute LGIB , 368  
 acute UGIB , 364  
 bleeding , 369  
 severe aortic stenosis , 369   

  Vasoactive intestinal polypeptide (VIP) , 40   
  VCE   . See  Video capsule endoscopy (VCE)  
  Video capsule endoscopy (VCE) 

 anemia , 222  
 contraindications , 225  
 Crohn’s disease , 223–224  
 description , 221  
 instrument , 221  
 limitations , 225  
 NSAID-induced ulcers , 222, 223  
 OGIB , 221–222  
 performance, challenges , 224  
 small bowel tumors , 238   

  VIP   . See  Vasoactive intestinal polypeptide 
(VIP)  

  Viral liver diseases 
 hepatitis A , 383, 384  
 hepatitis B , 386–387  
 hepatitis C , 384–386  
 hepatitis delta , 389  
 hepatitis E , 383–384   

  Vitamin B12 
 absorption 

 gastrointestinal , 161–162  
 lysosomes , 162  

 causes 
 chronic atrophic gastritis , 163  
 drug-nutrient interactions , 162–163  
 gastric surgery , 164  

 clinical manifestations , 164–165  
 description , 161  
 diagnosis , 165–167  
 epidemiology , 161  
 folate interactions , 172  
 properties , 161, 162  
 requirements and lifestyles 

 bioavailability , 164, 165  
 content, foods , 164, 165  
 folate content , 164, 166  

 treatment , 167–169   
  Vitamin D 

 assessment , 192  
 and calcium toxicity , 192  
 description , 185  
 extraskeletal health , 191  
 gastrointestinal factors , 190  
 intake , 186, 188  
 manifestations , 191  
 metabolism and functions 

 musculoskeletal roles , 186  
 sources , 185  

 osteoporosis and osteomalacia , 191  
 prevalence and epidemiology , 185  
 prevention and treatment , 192–193  
 risk factors, defi ciency , 188  
 sources 

 dietary , 189  
 sunlight and diet , 189  
 supplements , 189    

  W 
  Warfarin , 92   
  Water 

 acute reductions , 154  
 dietary reference intakes , 150  
 elimination , 154  
 fl uid excess/loss , 154  
 losses and production , 146  
 renal excretion , 153–154  
 serum osmolality , 146  
 sodium abnormalities , 153, 154  
 UL , 147   

  WCE   . See  Wireless capsule endoscope (WCE)  
  Wexner Fecal incontinence scoring system , 535   
  Whipple’s disease , 356, 642   
  Wilson’s disease , 642   
  Wireless capsule endoscope (WCE) , 504    

  X 
  Xerostomia 

 clinical application , 34  
 description , 34    

  Z 
  Zenker’s diverticulum , 228, 296   
  Zinc 

 defi ciency , 182  
 dietary content and absorption , 182          
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