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PREFACE

Zhe first, second, and third editions of Manual of Gastroenterology were well
received, both in the United States and abroad. This edition continues the intentions of its
predecessors: to be a concise, practical, up-to-date reference for the clinical diagnosis and
management of diseases and disorders of the digestive system. The content of all the exist-
ing chapters has been carefully reviewed, updated, and supplemented to provide current
treatment information for a wide variety of gastrointestinal disorders. References have also
been updated for each chapter.

As in the first three editions, the manual is divided into five parts: I. Approach to the
Patient with a Gastroenterologic Disorder; II. Diagnostic and Therapeutic Procedures;
[I. Nutritional Assessment and Management; IV. Gastroenterologic Emergencies; and
V. Specific Complaints and Disorders. In most chapters, a brief review of background
information or pathophysiology precedes the discussion of diagnosis and treatment.

I believe this book will be particularly useful to primary care physicians, internists,
gastroenterologists, medical students, and resident physicians. We also anticipate that
other physicians and health care professionals will value Manual of Gastroenterology as a
guide to gastroenterologic problems that lie beyond their everyday experiences.

Special thanks to Rana H. Bonnice for typing and organizing the manuscript of this
book.

Special thanks to Carol Plasse for typing the manuscript for the second, third and
fourth editions.

Special thanks to Bill Whall for his unyielding support.

Canan Avunduk, M.D., Ph.D.
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SOCIAL IMPACT OF
DIGESTIVE DISEASES

Nearly everyone has experienced a digestive illness. Perhaps it was a self-limiting bout
of “intestinal flu” or heartburn or a more serious condition such as chronic ulcerative col-
itis, Crohn’s disease, or carcinoma of the colon. Nevertheless, the social impact of digestive
diseases is probably underappreciated.

Cardiovascular disease and cancer are dramatic illnesses that command a great deal
of public attention. These disorders are associated with a high mortality and generally
affect the older segment of the population. On the other hand, digestive disorders afflict a
large number of people in all age groups and are associated with considerable pain, dis-
ability, and time lost from school, work, and other activities and considerable health care
costs.

In a typical year, digestive disorders affect about 40 million people in the United
States. The illnesses are responsible for the long-term inability to pursue ordinary activities,
such as school or work, in about a million people, and exact an enormous toll in dimin-
ished productivity: more than 150 million days with some restriction in activity, nearly 70
million bed-days, and more than 20 million days lost from work per year. These conditions
also result in 40 million annual physician contacts outside the hospital. The illnesses pre-
dominantly affect the young and middle-aged, with 70% occurring between the ages of 15
and 64 years. In addition to the losses caused by these predominantly chronic conditions,
acute digestive disorders annually affect more than 11 million people and result in 48 mil-
lion days of restricted activity, 27 million bed-days, and 9 million days lost from work.

Considering all digestive diseases, there are more than 4 million hospitalizations per
year, resulting in 28 million hospital days and accounting for 13% of all hospitalizations.
Moreover, many digestive diseases are fatal, causing about 9% of all deaths in the United
States, or about 220,000 deaths per year, of which 61% are caused by malignancies and
16% by chronic liver disease and cirrhosis. A conservative estimate of the economic bur-
den from digestive diseases is in excess of $60 billion per year, or roughly 10% of the total
costs of all illnesses.

Selected Readings

Lembo AJ. The clinical and economic burden of irritable bowel syndrome. Pract.
Gastroenterol. 2007;Sept:3-9.

Longstreth GF, et al. Functional bowel disorders. Gastroenterology. 2006;130:1480-1491.

Martin BC, et al. The annual cost of constipation in the U.S. ambulatory and inpatients
settings [abstract]. Gastroenterology. 2005;128(suppl 2):A-283. Abstract M974.

Singh G, et al. Use of healthcare resources and cost of care for adults with constipation.
Clin. Gastroentrol Hepatol. 2007;5:1053-1059.

Spiller K. Clinical update: irritable bowel syndrome. Lancet. 2007;369:1586-1588.



THE PATIENT’S COMPLAINTS

S urvival is the most important drive for human existence. Thus, eating, digesting,
and eliminating are very important to human beings. Any disruption of any of these func-
tions causes much concern to the individual.

Patient complaints may be directly related to gastrointestinal (GI) dysfunction, such
as difficulty or painful swallowing, keeping foods down or difficulty in eliminating
(i.e., having diarrhea or constipation). The complaints may be indirectly related to the GI
system, such as pain in the chest from gastroesophageal reflux (GER), or pain in the
abdomen or pelvis or from an intestinal disorder. Change in color, consistency, or shape of
one’s stool, unexplained weight loss, jaundice, or abdominal swelling may bring the patient
to the health care professional.

A patient and a physician may differ in their perspectives on the patient’s complaints.
The physician’s orientation generally is in terms of disease categories. The physician wants
to make as accurate a diagnosis as possible and treat accordingly. On the other hand, the
patient comes to the physician with one or several complaints that usually describe signs
or symptoms perceived as “abnormal.” A patient may complain of food sticking on swal-
lowing; the physician thinks of an esophageal disease. A patient complains of yellow eyes
or jaundice; the physician wonders if the patient has hemolysis or liver disease or biliary
obstruction.

This divergence of orientation is sometimes a help and sometimes a hindrance. It is
a help when the health care professional understands that diagnostic categories are
merely aids to understanding and dealing with disease. It is a hindrance when the health
care provider relies unquestioningly on an established or an apparent diagnosis and
ignores other possibilities. For example, a 55-year-old woman with years of irritable
bowel symptoms who develops pencil-thin stools should not simply be reassured and
sent home; she needs an evaluation for carcinoma of the rectum or colon. On the other
hand, the 45-year-old man with chest pain does not necessarily have coronary heart
disease. His symptoms may be related to GER.

In the past 50 years, because of the diagnostic and therapeutic advances in medicine,
and the wide availability of the Internet, the expectations of both patients and physicians
have changed. Diagnostic tests have become much more sophisticated and accurate and
available in most medical facilities. Special expertise in noninvasive or minimally invasive
interventions has replaced invasive surgery as well as exploratory operations. Drugs
specially designed to act on a specific target have replaced drugs with poorly understood
and general effects. Many patients, before they consult their health care provider, go to the
World Wide Web first and gather information on their complaints. This sophistication
generates a milieu for preventive and early diagnostic and therapeutic measures.

Astute physicians and health care professionals are aware of their orientation and their
shortcomings and listen carefully to patients’ complaints. Sometimes the patient has a hid-
den agenda. A 42-year-old woman complains of recent abdominal pain and constipation.
On additional inquiry, it is learned that her mother died recently of colon cancer. This
patient is afraid that she also has cancer but may be reluctant to disclose that fear unless the
physician asks her directly. In another patient, a 32-year-old man with a positive family
history of early onset heart disease, the recent onset of epigastric or chest pain may be
merely the overt manifestation of nearly overwhelming anxiety, which seems to be related
to difficulties he is having at home and at work or exacerbation of gastroesophageal reflux
disease (GERD) or recent onset of angina. The physician should not only listen carefully but
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Chapter 2: The Patient’s Complaints 5

also should be purposely redundant. It is helpful to review the same information several
times, sometimes at different visits: “I know you told me about your abdominal pain last
time, but I would like to go over the information again. When did you first notice the pain
and what was it like?”

Selected Readings

Aziz Q, et al. Brain-gut axis in health and disease. Gastroenterology. 1998;114:599.

Bloomer JR, et al. Intermittent unexplained abdominal pain—is it porphyria? Clin.
Gastroentrol. Hepatol. 2007;5(11):1255-1259.

Drossman DA, et al. Psychosocial factors in the case of patients with GI disorders.
In: Yamada T, ed. Textbook of Gastroenterology. Philadelphia: Lippincott—Raven
Publishers; 2003:636—654.

Knoll BM, et al. 56-year-old man with rash, abdominal pain and orthralgias. Mayo Clin.
Prac. 2007;82(6):745-748.

Zinn W. The emphatic physician. Arch Intern Med. 1994;153:306-312.



EXAMINATION OF THE PATIENT

Because you are familiar with examining patients, this chapter is not intended to be
comprehensive, but rather to orient you to the essential components of examining a patient
with digestive complaints.

The physician should be sensitive to the patient’s physical and emotional comfort.

Is the patient in as comfortable a position as possible? Is the patient warm enough? Have
you ensured the patient’s privacy by closing doors and adjusting drapes? How does the
patient feel about others in the room—colleagues, residents, students? Saying “This may be
a little awkward or embarrassing for you” may reassure and relax the patient. As you con-
duct the examination, you should inform the patient of what you intend to do, particularly
with regard to aspects of the examination that may be sensitive and embarrassing.

THE GENERAL PHYSICAL EXAMINATION. The physical examination of a patient
with digestive complaints is not limited to the abdomen, although the abdominal
examination is important. A general physical examination, including determination of
vital signs, is indicated during the initial evaluation. In particular, is there pallor of the
nail beds or conjunctivae? Is the tongue of normal color and texture? Is there any
lymphadenopathy? What about changes in the color or texture of the skin? Is edema
evident? Although abnormalities of the heart, lungs, or other organ systems may not
be related directly to the patient’s digestive complaints, they may be important con-
siderations in the subsequent management of the patient.

. THE ABDOMINAL EXAMINATION. The abdomen conventionally is divided into four

quadrants: right upper, left upper, right lower, and left lower. It is also common,

however, to refer to areas of the abdomen by more specific terms, such as epigastric,

periumbilical, suprapubic, and right or left flank (Fig. 3-1).

A. Patient position. The patient should lie in a supine position, although the head
may be elevated slightly for comfort. Some patients lift their arms over their heads,
which tightens the abdominal wall and makes palpation and interpretation of signs
of peritoneal irritation difficult. The arms should remain at the patient’s side.
Flexion of the knees also may relieve abdominal tightness.

B. Inspection
1. Skin of the abdomen. Are there any scars, dilated veins, rashes, or other

marks?

2. Is the umbilicus normal? Is there an umbilical or abdominal wall hernia?

3. Contour of the abdomen. Is the abdomen protuberant or concave? Are there
any bulges?

4. Can you see peristaltic movements or pulsations?

C. Auscultation. In examining the abdomen, it is probably wise to listen before
performing percussion and palpation because these maneuvers may alter the
quality of bowel sounds.

1. Bowel sounds. What is the character of the bowel sounds? In healthy people,
the character and frequency of bowel sounds vary widely. In people who are
hungry, bowel sounds may be active, whereas after a meal the abdomen typi-
cally becomes rather quiet. Bowel sounds may be increased in frequency and
intensity in diarrheal conditions. Intestinal obstruction is characterized initially
by increased bowel sounds that progress to high-pitched tinkling sounds and
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Figure 3-1. Areas of the abdomen.

rushes. On the other hand, bowel sounds become decreased or absent in condi-

tions that cause paralytic ileus, such as peritonitis or electrolyte imbalance.

2. Other abdominal sounds. The physician should listen carefully also for
sounds in the abdomen other than bowel sounds.

a. Arterial bruits may indicate narrowing or turbulence in the aorta or renal,
iliac, or femoral arteries, depending on location. In some patients with renal
artery stenosis, the bruit is heard best over the back in the lumbar area.

b. A venous hum is a soft sound in both systole and diastole that indicates
increased collateral circulation between the portal and systemic venous sys-
tems. This rare finding usually is associated with cirrhosis of the liver.

c. A friction rub may be heard with respiration over the ribs that overlie the liver
or spleen. The grating sound of a friction rub is caused by inflammation of the
peritoneal surface, which may be caused by tumor, infection, or infarction.

D. Percussion and palpation. Most experienced physicians combine percussion and
palpation in the examination of the abdomen. Because patients typically are some-
what tense during the abdominal examination, the examiner should avoid sudden
movements. Much more information can be elicited by proceeding slowly and gen-
tly and sometimes firmly.

First, place one hand gently on the abdomen. This will tell you whether the
abdomen is tense, firm, or soft and whether the patient is made uncomfortable by
light pressure. Percuss the abdomen lightly in all four quadrants to determine tym-
pany and dullness.

1. Liver. The size, shape, and consistency of the liver are best estimated by first
percussing the upper and lower limits of liver dullness and then palpating the
lower edge in both phases of respiration. Remember to feel for the liver not
only in the right upper quadrant but also in the epigastrium. Some patients
with hepatomegaly have predominantly left lobe enlargement, which may be
evident only in the epigastrium. Occasionally, a markedly enlarged left lobe is
mistaken for the spleen.

2. The spleen can be identified as an area of dullness just above the left costal
margin posterior to the midaxillary line. In adults, the normal spleen usually
cannot be palpated, although about 10% of teenagers and young adults have
normal, palpable spleens. When the spleen enlarges, it expands anteriorly and
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toward the midline. In splenomegaly, the area of dullness moves anteriorly,
therefore, the spleen may be palpated beneath the left ribs. A method of detect-
ing a small degree of splenomegaly is to percuss at the junction of the left
anterior axillary line and the costal margin. Normally the percussion note is
tympanitic in both phases of respiration. Dullness to percussion at this point
during inspiration may indicate early splenomegaly. Another method of palpat-
ing the spleen is to have the patient lie on the right side and lean slightly
torward. This position allows the spleen to drop anteriorly and toward the
midline. The examiner stands behind the patient, with fingers hooked beneath
the ribs, and asks the patient to breathe in, thereby allowing the spleen to move
down against the examining fingers.

3. Other organs and masses should be assessed for size, location, shape, and
consistency. The aorta often is felt as a pulsatile mass in the upper abdomen,
particularly in thin patients. Some estimation of the diameter of the aorta can
be made by pressing firmly but gently on either side of the aorta with one or
two hands. An enlarged, expansile aorta, sometimes accompanied by a bruit,
indicates an aneurysm.

4. Abdominal tenderness may be superficial or deep, localized or focal.

a. Guarding, particularly involuntary guarding, is usually a sign of peritoneal
inflammation.

b. Rebound tenderness, which also results from peritoneal inflammation, is
elicited by slowly pressing the abdomen and quickly releasing the pressure.
The examination for rebound tenderness usually is painful and should not
be repeated by subsequent examiners merely for the purpose of document-
ing an interesting clinical sign.

E. Detection of ascites. A protuberant abdomen with bulging flanks may connote
fluid within the peritoneal cavity. At this stage, however, the detection of ascites
usually is not difficult, except perhaps in obese patients.

1. Shifting dullness is identified by percussing the abdomen and noting the loca-
tion of the border between the dullness of the ascitic fluid and the tympany of
floating loops of bowel when the patient lies in a supine position, when the
patient turns to one side or the other, the border of dullness shifts.

2. A fluid wave is elicited when one flank is tapped briskly and the impulse is felt
on the opposite flank. To prevent transmission of the wave through the fat of
the abdominal wall, the patient or an assistant can press the edge of one hand
firmly down along the midline of the abdomen. Some examiners with large
hands are able to press along the midline with their own thumb and tap the
tlank with the small finger of the same hand.

3. The puddle sign, although awkward to elicit, may detect small amounts of
ascites. The patient assumes the knee—chest position on the bed or examining
table. This position allows ascitic fluid to accumulate in the most dependent
position of the abdomen, centering around the umbilicus. Tapping the abdomen
while listening with the stethoscope under the umbilicus may produce a splash-
ing sound. If the skin of the abdomen is scratched lightly, beginning from the
periphery and moving toward the umbilicus, a change in the quality of the aus-
cultated sound occurs at the border of the ascitic fluid.

Ill. THE ANORECTAL EXAMINATION is an important part of the general physical exam-
ination. It may be uncomfortable for the patient and cause embarrassment, but the
discomfort and embarrassment can be ameliorated greatly by an understanding,
unhurried, gentle attitude on the part of the physician.

A. Patient position. Most physicians ask the patient to lie on the left side with knees
and hips flexed. Others prefer the patient to stand, leaning over an examining
table. The former position is preferred and recommended.

B. Perianal area. The buttocks should be spread apart to allow inspection of the
anus and perianal skin. Protuberant hemorrhoids, anal tags, fissures, or abscesses
may be seen. The perianal area is palpated with a gloved finger. Tenderness and
masses are noted.
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C. Insertion. Before inserting a gloved index finger into the rectum, the physician
lubricates both the finger and the anus well. Sometimes it is helpful to ask the
patient to strain down gently, as if having a bowel movement. This maneuver
relaxes the anal sphincter and allows easier penetration of the finger. The longitu-
dinal axis of the anal canal is aimed roughly to the umbilicus; thus, the examiner
gently presses the finger into the anal canal in the direction of the umbilicus. The
rectum is found to turn posteriorly and open out into the hollow area formed by
the sacrum and coccyx.

D. Examination of the rectum should be gentle. A tender anal canal may result from
proctitis, inflamed or thrombosed hemorrhoids, a stricture, or a fissure. Note the
tone of the anal sphincter. Palpate the lateral, posterior, and anterior walls of the
rectum, noting any tenderness or nodularity. Anteriorly, in male patients, the
prostate is felt as a bilobed structure with a median sulcus. What are the size,
shape, and consistency? Is the prostate tender? Are there any nodules? In female
patients, the cervix (and sometimes a vaginal tampon) can be felt as a firm mass
through the anterior rectal wall.

Although most of the rectal wall that is accessible to the examining finger is
below the peritoneal reflection, most examiners can reach above the peritoneal
reflection anteriorly. Thus, tenderness of peritoneal inflammation or metastatic
nodules may be identified.

E. Stool. On withdrawal of the finger, note the color and consistency of the stool.
Is there any mucus or gross blood? If not, test the stool for occult blood.

Selected Reading
Bates B. The abdomen. In: Bates B, Hoeckelman RA, eds. Guide to Physical Examination
and History Taking. 9th ed. Philadelphia: Lippincott Williams & Wilkins; 2007:339-368.



PSYCHOLOGICAL AND EMOTIONAL
ASPECTS OF GASTROENTEROLOGIC
DISORDERS

Zhe mind and body are not independent but parallel. “For there are not two
processes, and there are not two entities; there is but one process . . . one entity, seen now
inwardly as mind, now outwardly as matter, but in reality an inextricable mixture and
unity of both. Mind and body do not act upon each other, because they are not other, they
are one.” Baruch Spinoza, as paraphrased by Will Durant, The Story of Philosophy, 1954.

An extensive review of the psychological and emotional aspects of digestive disor-
ders is beyond the scope of this book. Because psychological factors do play an important
role in gastroenterologic disorders, however, and patients certainly react emotionally to
illness, we need to consider at least briefly the psychosomatic component of gastrointesti-
nal disease.

Physicians tend to think of disorders as affecting organ systems and resulting in
observable pathophysiologic changes. Most astute physicians and health care providers,
however, either consciously or intuitively understand that a disorder is a complex interac-
tion among pathophysiologic processes, the patient’s emotional makeup, and the patient’s
perception of the disorder. A large number of factors may affect this interaction, including
the patient’s age, sex, socioeconomic and marital status, other “medical” disorders, emo-
tional stress, family history, and society’s view of the disorder. Additional complicating
influences are the physician’s view of the patient, the patient’s disorders, and the options of
managing the patient’s problems.

There is more than a mere relation between the “psyche” and the “soma.” Although
there is a tendency to separate the psychological and somatic aspects of a disease, attach
labels, and categorize, disorders exist as inseparable entities of psyche and soma. In
some patients the psychological and emotional aspects seem to predominate and exert
profound somatic effects, such as in bulimia, anorexia nervosa, and irritable bowel
syndrome. Also, it is believed that exacerbations of some chronic diseases, such as Crohn’s
disease and ulcerative colitis, may be triggered by emotional factors, yet have their patho-
genesis firmly rooted in the soma. In addition, in these chronic, sometimes devastating ill-
nesses, it is easy to understand that patients also experience psychological trauma due to
their illness.

Finally, no matter what the illness is and no matter how trivial it appears, illness
of any degree represents a threat to the patient’s integrity. An illness is never purely
somatic—there is always a person who must experience the illness.

Selected Readings

DiBaise JK. Psychotherapy and functional dyspepsias: Brain-gut interactions. Am |
Gastroenterol. 2001;96:278.

Drossman DA, et al. Psychosocial factors in the care of patients with GI disorders.
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ENDOSCOPY

S ince Hirschowitz and colleagues described the first flexible fiberoptic endoscopes,
the technical explosion in fiberoptic endoscopy has produced instruments that are durable,
safe, relatively comfortable, and capable of visualizing the gastrointestinal tract with great
diagnostic accuracy.

The typical modern fiberoptic endoscope is a highly sophisticated instrument
(Fig. 5-1). The shaft is 8 to 12 mm in diameter. The fiberoptic bundles pass through the
shaft to transmit light to the tip and the image to the endoscopist. In the handle of the
endoscope are controls for maneuvering the tip and buttons to regulate irrigation water, air
insufflation, and suction for removing air, secretions, and blood. An instrument channel
allows the passage of biopsy forceps, small brushes for obtaining cytology samples, snares
for removing polyps and foreign bodies, and devices to control bleeding.

The adaptation of endoscopes to video monitoring systems has been developed using
computer chip technology and now is in routine use in all endoscopy suites. The endo-
scopist conducts the examination by viewing the video screen, not by looking directly
through the fiberoptic system of the endoscope. The video screen also allows a variable
number of people, including the patient if desired, to observe what the primary endoscopist
is seeing, and the procedure can be videotaped for clinical and educational purposes.

Figure 5-1. Flexible fiberoptic endoscope for examination of the upper gastrointestinal tract. An
open biopsy forceps is shown at the tip of the endoscope, having been passed through the biopsy
channel in the handle. This instrument also has been adapted to perform endoscopic ultrasonogra-
phy by the addition of an ultrasound transducer at the tip. (GF-UE160-AL5, reprinted with Courtesy
of Olympus®.)

13
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Figure 5-2. Endoscopic ultrasound system. The flexible endoscope on the right of the table has
ultrasound transducers at the tip of imaging and fiberoptics that allow direct visualization of lesions.
(SSD-ALPHAS, reprinted with Courtesy of Olympus®.)

During routine upper gastrointestinal endoscopy, the entire esophagus, stomach, and
proximal duodenum are examined. Several therapeutic endoscopic techniques have been
developed that allow endoscopists to treat bleeding lesions (see Chapter 14) and relieve
esophageal obstruction caused by benign or malignant processes. Endoscopic placement of
gastric feeding tubes—percutaneous endoscopic gastrostomy (PEG)—has largely replaced
surgical gastrostomy.

A variation of upper gastrointestinal endoscopy, endoscopic retrograde cholan-
giopancreatography (ERCP), combines endoscopic and radiologic techniques to visualize
the biliary and pancreatic ductal systems. ERCP methods also have been used therapeuti-
cally to perform sphincterotomy of the sphincter of Oddi, to remove common bile duct
stones, and to place stents that bypass obstructing lesions.

During examination of the lower gastrointestinal tract by colonoscopy, a skilled
endoscopist can reach the cecum in more than 95% of patients, and in many instances the
terminal ileum can also be visualized. The major therapeutic capability of colonoscopy,
popularized in the United States in the mid-1980s by President Ronald Reagan’s experience
with a cancerous polyp, is polypectomy, usually by electrocautery.

An important development in endoscopy is endoscopic ultrasonography (EUS)
(Figs. 5-1-5-3). High-frequency, high-resolution ultrasound transducers that are built into
the tip of the endoscope can be passed to sites that are relatively close to the target organ.
Applications include evaluation of lesions involving the esophagus, mediastinum, stomach,
duodenum, pancreas, colon, and rectum. EUS compares favorably with computerized
tomography in tumor staging and determination of lymph node involvement. Indications
for EUS are summarized in Table 5-1. Also, lymph nodes in the thorax and abdomen may
be biopsied and pancreatic pseudocysts may be drained using EUS.
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Figure 5-3. Endosonographic view of a villous adenoma (arrows). The tumor is invading the sec-
ond hyperechoic layer (T, lesion).
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I TABLE Indications for Endoscopic Ultrasonography

Esophagus Esophageal cancer diagnosis and staging

Stomach Adenocarcinoma and lymphoma diagnosis and staging

Duodenum Submucosal tumors

Pancreas and biliary system Pancreatic and biliary cancer diagnosis and staging

Colon and rectum Rectal and colon cancer diagnosis and staging

Anastomotic recurrence of cancer
Submucosal tumors

Mediastinal lymphadenopathy
Esophageal varices

Submucosal tumors

Gastric polyps

Anastomotic recurrence of cancer
Gastric ulcer healing

Gastric varices

Ampullary carcinoma diagnosis and staging

Chronic pancreatitis and pseudocysts
Biliary stone disease
Endocrine tumors

Villous adenoma
Recurrent colorectal cancer
Benign perianal and perirectal disease

I. UPPER GASTROINTESTINAL ENDOSCOPY
A. Indications. Several conditions in which upper gastrointestinal endoscopy,

also known as esophagogastroduodenoscopy (EGD), may be useful in making
a diagnosis are listed Table 5-2. Opinions differ among physicians as to whether
and when EGD should be performed for a given condition. For example, some
physicians order an upper gastrointestinal x-ray series initially in the evaluation
of a patient who has dyspeptic complaints. Other physicians treat a patient with
dyspepsia empirically with antacids or some other acid-reducing medication
without obtaining a diagnostic study, unless the patient is elderly or has evidence
of gastrointestinal bleeding, weight loss, or vomiting, suggesting gastric outlet
obstruction. An EGD might subsequently be arranged if the patient does not
respond to treatment in a reasonable time or develops bleeding, weight loss, or
vomiting.

. Contraindications. EGD should not be performed if a perforated viscus is suspected
or if the patient is in shock, is combative, or is unwilling to cooperate (Table 5-3).

. Preparation of the patient. Elective EGD should be performed after the patient
has fasted for 6 or more hours to ensure an empty stomach. However, this rule
does not apply to emergent situations such as in acute upper gastrointestinal bleed-
ing or with foreign body impaction of the esophagus or when food and clots may
fill the esophagus and/or stomach and these may need to be immediately removed
endoscopically.

In conscious patients, a topical anesthetic may be applied to the pharynx to
numb the gag reflex. Conscious sedation (i.e., intravenous midazolam [Versed],
meperidine [Demerol], or fentanyl) often is administered as a sedative. Tolerances
for midazolam vary widely. Older and severely ill patients may become sedated or
develop respiratory depression even at low doses. Thus, a test dose of 1 to 2 mg
initially is advisable. Most patients require 2 to 5 mg to achieve adequate relax-
ation. The doses of meperidine and fentanyl also vary depending on the patient.
Most patients require 12.5 to 100 mg. Because patients are likely to feel sleepy for



Chapter 5: Endoscopy 17

TABLE 5-2 Partial List of Conditions in Which Endoscopy May Be
Useful in Making a Diagnosis

Sigmoidoscopy
Condition EGD ERCP or colonoscopy

Dysphagia

Caustic or foreign body ingestion
Dyspepsia

Persistent nausea and vomiting

Need to obtain small-intestinal biopsy
Acute or chronic gastrointestinal bleeding
Inflammatory bowel disease

Chronic abdominal pain

Suspected polyp or cancer

Obstructive jaundice

Change in bowel habits X
Diarrhea longer than 1 wk X

XX XXX XXXX
X X X
X X X X

EGD, esophagogastroduodenoscopy (upper gastrointestinal endoscopy); ERCP, endoscopic retro-
grade cholangiopancreatography.

I BLE 5-3 Contraindications for Endoscopy

Perforated viscus suspected

Patient in shock

Combative or uncooperative patient

Severe inflammatory bowel disease or toxic megacolon (colonoscopy)

an hour or more after the procedure, it is required that the outpatients arrange for
transportation home with an accompanying person after EGD.

Deep sedation, using Propofol IV, may be used in selective patients with med-
ical or psychiatric comorbid conditions.

D. Therapeutic EGD. A number of methods have been used to treat actively bleeding
lesions of the upper gastrointestinal tract. Endoscopic band ligation and/or
injection sclerotherapy of esophageal varices is the most widely practiced thera-
peutic endoscopic method for the treatment of bleeding esophageal varices.
Sclerotherapy or banding reduces both mortality and the frequency of rebleeding
from esophageal varices. Other methods of controlling actively bleeding ulcers and
erosions include local injection of the bleeding site with epinephrine or hyper-
tonic saline, electrocoagulation, and/or placement of clips on the bleeding
lesion and laser photocoagulation. These methods are described in more detail
in Chapter 14. Endoscopic treatment of gastroesophageal reflux disease (GERD)
will be discussed in Chapter 20.

E. Complications of upper gastrointestinal endoscopy. Endoscopy of the gas-
trointestinal tract is generally regarded as safe, but adverse events do occur (Table 5-4).
Major complications of EGD—perforation of the esophagus or stomach, genera-
tion of new hemorrhage, pulmonary aspiration, serious cardiac arrhythmia—occur
with a frequency of from 1 in 1,000 to 1 in 3,000 instances. Mortality ranges from
1 in 3,000 to 1 in 16,000 endoscopies. Sedation and inhibition of the gag reflex
contribute to the risk of aspiration of blood, secretions, and regurgitated gastric
contents.
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TABLE 5-4 Complications of Endoscopy

Complication EGD Colonoscopy

Perforation of viscus

Bleeding

Cardiac arrhythmias

Medication reactions

Vasovagal reactions

Pulmonary aspiration

Cardiac failure (due to overhydration during
bowel preparation)

Hypotension (due to underhydration during X
bowel preparation)

X X X X X X
X X X X X

x

EGD, esophagogastroduodenoscopy.

Complications related to the topical anesthetic to the pharynx or to the intra-
venous midazolam are unusual. Fatalities reported from these agents usually are
associated with large doses that have caused cardiac or central nervous system
effects. Allergic reactions are rare. The major complication of intravenous midazo-
lam and narcotics is respiratory depression. These drugs also may cause transient
hypotension and obtundation. Patients at the highest risk are the elderly and those
with advanced cardiac, pulmonary, hepatic, or central nervous system disease.

The frequency of complications associated with EGD can be reduced by antic-
ipating problems and taking measures to prevent them. A complete history and
physical examination are important, with special attention to history of allergic
drug reactions, presence of bleeding disorders, and cardiac, pulmonary, renal,
hepatic, or central nervous system disease. If a sedative is used, a small test dose
should be administered initially, particularly in elderly or severely ill patients.
The endoscopy assistant must suction secretions and regurgitated material when
necessary from the pharynx. Nasal oxygen should be used to treat hypoxia, and
resuscitation equipment should be available in the event of adverse cardiopul-
monary reactions. After the procedure is completed, the patient should be observed
for an adequate amount of time and for subsequent development of complications.

Il. ENDOSCOPIC RETROGRADE CHOLANGIOPANCREATOGRAPHY (ERCP)

A. Evaluation of pancreatic and biliary ductal systems. ERCP usually is

performed as an elective procedure to evaluate the pancreatic and biliary ductal
systems. The endoscopic principles for ERCP are similar to those for routine EGD
except that ERCP usually takes longer, patients are likely to be sedated more heav-
ily, and a side-viewing instrument is used. The endoscope is passed into the second
part of the duodenum, and the ampulla of Vater is visualized. The endoscopist
then passes a catheter through the endoscope and maneuvers it into the orifice of
the ampulla. Additional adjustment of the cannula allows it to enter the pancreatic
duct or the common bile duct. After injection of radiocontrast material through the
cannula, x-ray films are taken to identify the configuration of the biliary and
pancreatic ductal systems (Fig. 5-4).

. Sphincterotomy and calculus retrieval. In patients who have calculi in the com-

mon duct, endoscopic section (sphincterotomy) of the sphincter of Oddi allows
access to the common duct bile and retrieval of the stones. The sphincterotomy
device consists of a wire electrode within a plastic cannula. After the cannula has
been inserted into the sphincter, the wire is elevated and the sphincter is cut by elec-
trocautery. The stone passes spontaneously or may be crushed and/or extracted
using a basketlike device that is passed through the endoscope.
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Figure 5-4. Endoscopic retrograde cholangiopancreatogram showing the fiberoptic endoscope in
the second portion of the duodenum, a normal common bile duct (single arrow), and a normal pan-
creatic duct (double arrow). (Courtesy of John F. Erkkinen, M.D.; from Eastwood GL. Gastrointestinal
endoscopy. In: Rippe JM, et al [eds.]. Intensive Care Medicine. Boston: Little, Brown; 1985:67-73.
Reprinted with permission.)

C.

Stent insertion. Other techniques may also be used with ERCP to insert short
tubes, or stents, through obstructing lesions, such as pancreatic or biliary cancer or
strictures of the distal bile or pancreatic duct. The stents allow relief of the obstruc-
tion and may be used as definitive therapy in patients with inoperable disease or
temporarily until the obstructive lesion is treated by irradiation or surgery.

. CAPSULE ENDOSCOPY OR PILLCAM ENDOSCOPY. An orally ingested 2.3-by-0.8-cm
capsule containing a computer chip has become a popular tool to visualize the gastroin-
testinal tract, especially the small intestine, by taking numerous pictures as it travels down
the intestinal tract with peristalsis. The electronically recorded pictures are later reviewed
by an experienced gastroenterologist or technician. This technique is most helpful in diag-
nosis of lesions in the small intestine that may be the cause of occult GI bleeding.

. LOWER GASTROINTESTINAL ENDOSCOPY
A.

Indications and contraindications. Indications for endoscopic examination of
the lower gastrointestinal tract include active or occult bleeding, inflammatory
bowel disease, suspicion of a polyp or cancer, unexplained abdominal pain, and
change in bowel habits (Table 5-2). The contraindications are the same as those for
EGD with the additional contraindications of active diverticulitis, severe inflam-
matory bowel disease and suspected toxic megacolon (Table 5-3).

. Proctosigmoidoscopy

1. Instruments. The flexible fiberoptic sigmoidoscope, which measures up to
65 cm in length, is a short colonoscope and has replaced the 25-cm rigid sig-
moidoscope for routine examinations. The flexible instruments are capable of
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reaching the descending colon and may even reach the splenic flexure. Further-
more, patients tolerate flexible sigmoidoscopy better than rigid sigmoidoscopy.

2. Preparation of the patient. Tap water or commercial enemas (i.e., Fleet
enemas) usually are sufficient preparation for either rigid or flexible sigmoi-
doscopy. However, the sigmoidoscopic examination should be performed
without enema preparation when patients have watery diarrhea or suspected
colitis. Most patients do not require conscious sedation. For flexible or rigid sig-
moidoscopy, the patients are usually placed in the left lateral decubitus position.

3. Biopsy and polypectomy. As in EGD, the mucosa and lesions within the rec-
tum or colon can be biopsied through the rigid or flexible instrument. Most
endoscopists avoid biopsy immediately before barium enema because of the
small chance of introducing air and barium into the mucosal defect caused by
biopsy. Also, although polyps can be removed through either the rigid or flexi-
ble sigmoidoscope by standard electrocautery methods, this should not be done
unless the entire colon has been properly prepared to avoid the possibility of
gas ignition or explosion.

C. Colonoscopy

1. Instruments. Modern fiberoptic colonoscopes are similar in design to upper gas-
trointestinal endoscopes but are longer, ranging in length from 120 to 180 cm.

2. Preparation of the patient. Standard bowel preparation for colonoscopy is
similar to the preparation for barium enema x-ray examination: 1 to 2 days of
clear-liquid diet followed by a strong cathartic.

Liquid preparations include a balanced electrolyte polyethylene glycol
(PEG) lavage, exemplified by GOLYTELY or Colyte. Typically about 3.8 L of the
solution must be consumed either orally or through a nasogastric tube over
about 2 to 4 hours. The lavage solution is consumed 6 to 12 hours before the
procedure. The advantages of this preparation are that it is quick, gentle and
very effective in cleansing the bowel. The PEG solution also appears to be safe
to use in anyone in whom it is safe to perform colonoscopy. One drawback is
the difficulty some patients have in consuming a gallon of fluid over a few
hours. Alternatively, 2 L of HalfLytely may be given after 4 Dulcolax tablets.
MoviPrep, a newer, better tasting 2-L PEG solution, may be used instead with-
out additional need for Dulcolax tablets.

An easier colon preparation is Fleet phospho-soda, 1.5 oz. in 4 oz. of
water taken twice, 6-8 hours apart, along with a clear-liquid diet. However, the
safety of this preparation has been questioned due to the possibility of causing
dehydration and renal insufficiency in some patients.

Colon preparation has recently been further simplified by giving patients
28 to 32 tablets containing Fleet phospho-soda (Visicol or Osmo-prep) 6 to 12
hours prior to the procedure, along with a clear-liquid diet.

Because colonoscopy generally takes longer and is more uncomfortable
than flexible sigmoidoscopy, it is customary to administer intravenous medica-
tions such as midazolam (Versed), meperidine hydrochloride (Demerol), or
fentanyl to promote relaxation and diminish discomfort. In some cases, intra-
venous Propofol may be administered by an anesthesiologist for deeper sedation.

3. Biopsy and therapeutic procedures. Colonoscopic biopsies of the mucosa
and colonic lesions are obtained routinely for diagnostic purposes. The most
common colonoscopic therapeutic procedure is polypectomy. Pedunculated
polyps may be removed with a wire snare, which is maneuvered to encircle the
stalk. After the snare is tightened, the stalk is severed directly or by passing
electric current through the snare. Sessile polyps may be removed by polypec-
tomy in several pieces or biopsied through the colonoscope. Raising a bleb with
normal saline injection under a sessile polyp allows more complete removal as
routine polypectomy. Some sessile lesions may require surgical removal.
Bleeding lesions of the colon may be treated during colonoscopy in the same
manner as upper gastrointestinal lesions.

D. Complications of colonoscopy. The two major complications of colonoscopy,
perforation and hemorrhage, occur in less than 1% of instances. These are more
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likely to occur during colonoscopy with polypectomy. Other complications of
colonoscopy include drug reactions, hypotension, vasovagal reactions, cardiac
arrhythmias, and congestive heart failure complicated by over- or underhydration
of a susceptive patient after bowel preparation (Table 5-4).

Colonoscopic complications are minimized by following most of the rules
indicated for EGD. In addition, the colonoscope or sigmoidoscope should be
advanced with care and overdistention of the colon should be avoided. Finally, the
fluid and electrolyte status of elderly patients and those with renal and cardiac dis-
ease should be tended to during preparation of the bowel.

V. SMALL-INTESTINAL BIOPSY. Small-intestinal mucosal biopsy is a valuable aid in the
evaluation of patients with malabsorption or diarrhea caused by small-intestinal
mucosal disorders. In patients with Whipple’s disease, for example, the biopsy is of
critical importance in establishing the diagnosis. In celiac sprue, the diagnosis can be
confirmed by a histologic appearance that is consistent with sprue. Also, the response
to treatment with a gluten-free diet may be confirmed by subsequent biopsies.
Although the diagnosis of giardiasis often can be made by examination of diarrheal
stool samples, the small-bowel biopsy coupled with examination of luminal secretions
remains the most accurate method of identifying Giardia organisms.

A. Indications and contraindications. Small-bowel mucosal biopsy is indicated in the
evaluation of patients who may have a small-bowel mucosal disorder. These patients
typically have diarrhea and malabsorption and some may present only with gas and
bloating and abdominal pain. In the evaluation of a patient with suspected mucosal
disease, the timing of a small-bowel biopsy is a matter of clinical judgment. Generally,
the initial evaluation of such patients includes routine blood studies and several exam-
inations of the stool for ova and parasites, bacterial pathogens, leukocytes, occult
blood, and qualitative stool fat. Barium contrast studies of the upper and lower gas-
trointestinal tract, a xylose absorption test, and a quantitative stool-fat examination
also may have been performed. The evaluation of specific disorders of the small intes-
tine and the role of mucosal biopsy are discussed in subsequent chapters.

The contraindications to small-intestinal biopsy are few. History and clotting
studies should indicate that there is no bleeding tendency, and the patient should
be able to cooperate during the study.

B. Methods of obtaining small-intestinal mucosal biopsies
1. Endoscopic biopsies. Endoscopic biopsy of the small-intestinal mucosa has

become preferred over the use of suction biopsy tubes. Endoscopic biopsies
obtained with large (8-mm) forceps have been shown to be as diagnostically
accurate as suction biopsies, provided they are taken from the distal duode-
num, which avoids the variations in mucosal architecture that occur normally
in the proximal duodenum, and they are oriented carefully. Also, endoscopic
biopsies generally are technically easier to perform than biopsies using a suc-
tion tube.

2. Suction biopsies. The Rubin tube, also known as the Quinton tube, is one
of several biopsy tubes available for obtaining suction mucosal biopsies of the
small intestine. The tube is radiopaque and can be maneuvered under fluoro-
scopic control to the distal duodenum or proximal jejunum. The design of the
biopsy capsule provides full-thickness mucosal samples without transecting
larger blood vessels of the submucosa. These biopsies are easily oriented, which
facilitates accurate histologic interpretation. This technique is no longer used
except for research purposes.

C. Interpretation of the biopsy
1. Orientation. Proper orientation of the mucosal biopsy is crucial to obtain the

maximal information from the biopsy. Proper orientation means that the plane
of sectioning is along the axis of the villi and crypts (Fig. 5-5). Thus, villous
height, crypt depth, and configuration of surface epithelial cells can be evalu-
ated accurately.

2. Evaluating the biopsy. In evaluating small-bowel mucosal biopsies, one should
look at two aspects: the mucosal architecture and the cellular elements.
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Figure 5-5. Photomicrograph of a normal human small-intestinal biopsy taken from the distal
duodenum. (From Eastwood GL. Core Textbook of Gastroenterology. Philadelphia: Lippincott
Williams & Wilkins; 1984:105. Reprinted with permission.)

a. Architecture. The normal villus-crypt ratio in well-oriented biopsies from the
proximal jejunum of North Americans and Europeans is 4:1 or 5:1 (Fig. 5-4).
Villi should be tall and narrow. A variable amount of submucosa may be
present.

b. Cellular elements. Look carefully at the three elements of the mucosa: the
epithelium, the lamina propria, and the muscularis mucosae.

i. The epithelium is a single layer of columnar cells that lines the crypts
and covers the villi. The four major epithelial cell types are columnar
absorptive cells, mucous (goblet) cells, Paneth’s cells, and enteroendocrine
cells. Columnar absorptive cells are the most numerous. They are covered
by a glycoprotein filamentous matrix, the so-called fuzzy coat seen by
light microscopy, which is the site of many digestive enzymes such as the
disaccharidases. Mucous cells, interspersed between the absorptive cells,
contain abundant mucous granules, which in the aggregate have the
appearance of a goblet and thus commonly are called goblet cells.
Paneth’s cells are found predominantly at the base of the crypts. Their
function is unknown, but they appear to be secretory cells because of the
eosinophilic granules they contain. Finally, the epithelium contains a wide
variety of enteroendocrine cells that secrete numerous hormones, includ-
ing gastrin, secretin, cholecystokinin, vasoactive intestinal peptide,
somatostatin, and neurotensin.

ii. Within the lamina propria, which forms the cores of the villi and lies
between the crypts, are connective tissue elements, wisps of smooth
muscle, lymphatics, blood vessels, macrophages, plasma cells, and
lymphocytes. Normally neutrophils are not found in the lamina propria.
Because increases in the number of cells within the lamina propria are
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characteristic of several mucosal diseases, some experience is necessary in
viewing normal biopsies to determine whether the cellularity is increased
or not.

ili. The muscularis mucosae is a thin layer of muscle lying beneath the
bases of the crypts and below which lays the submucosa.

3. Diagnostic value. The information that is obtained from the biopsy may make
or refute a specific diagnosis or may be nonspecific but consistent with one or
more diagnoses. The diagnostic value of small-intestinal biopsy can be catego-
rized as follows (modified from Trier).

a. Disorders in which the biopsy is invariably of diagnostic value include the
following:
i. Celiac sprue (the biopsy is nonspecific, but coupled with a clinical
response to the elimination of dietary gluten, it is diagnostic)
ii. Whipple’s disease
iii. Abetalipoproteinemia
iv. Agammaglobulinemia
V. Mycobacterium avium-intracellulare
b. Disorders in which the biopsy may or may not be of specific value. (In these
disorders, the lesion may be distributed in an irregular fashion; thus an
abnormal biopsy may make a specific diagnosis, but a normal biopsy does
not rule out the disorder.)
i. Intestinal lymphoma
ii. Intestinal lymphangiectasia
ifi. Eosinophilic enteritis
iv. Systemic mastocytosis
v. Parasitic infestation
vi. Amyloidosis
vii. Hypogammaglobulinemia
viii. Dysgammaglobulinemia
c. Disorders in which the biopsy may be abnormal but not diagnostic. (In these
disorders, the biopsy findings are nonspecific.)
i. Tropical sprue
ii. Folate deficiency
ili. Vitamin B,, deficiency
iv. Irradiation enteritis
v. Zollinger-Ellison syndrome
vi. Small-bowel bacterial overgrowth
vii. Drug-induced lesion
viii. Malnutrition
ix. Graft-versus-host reaction
X. Viral enteritis
d. Disorders in which the biopsy is normal.

i. Pancreatic exocrine insufficiency

ii. Cirrhosis

iii. Postgastrectomy malabsorption (without intestinal disease)

iv. Primary lactase deficiency

v. Irritable bowel syndrome

VI. ENDOSCOPIC OR TRANSGASTRIC SURGERY is a new and very promising trend in
abdominal and pelvic surgery. This technique allows surgical intervention without
laparotomy or laparoscopy, thus much less invasive to the patient. The scope of this
new technique is vast and rapidly expanding.
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LAPAROSCOPY AND LAPAROSCOPIC
SURGERY

gxamination of the abdominal cavity and its organs by means of a laparoscope has
been available for nearly a century. Until recently, laparoscopy was largely a diagnostic
procedure; the instruments were used primarily to visualize and biopsy abdominal organs
and other structures, although some treatment was possible in the form of aspiration of
cysts and abscesses, lysis of adhesions, ligation of the fallopian tubes, and ablation of
endometriosis or cancer by laser. In recent years, rapid and dramatic developments in
operative laparoscopy have made laparoscopic cholecystectomy and appendectomy com-
monplace; other, more complicated operative procedures, such as partial gastrectomy and
partial colectomy, have been described using laparoscopic methods.

I. LAPAROSCOPY

A.

o

Indications. The reliance on diagnostic laparoscopy varies from one medical center
to another. In some centers, laparoscopy is used routinely in evaluation of the
abdominal conditions discussed in this chapter, whereas in other centers it is used
rarely. This variability in the use of diagnostic laparoscopy can be attributed to the
advances in computed tomography (CT) and other imaging techniques of the past
decade, which have provided alternatives to laparoscopy that are either less invasive
or more readily available. In hospitals and medical centers where diagnostic
laparoscopy is available, it is usually performed for the following indications.

1. Biopsy of the liver. This procedure may be done to evaluate a diffuse condi-
tion of the liver, such as cirrhosis or an infiltrating disease, or to biopsy a focal
defect of the liver that has been identified by CT or ultrasound examination.
During laparoscopy, the appearance of the liver also can be assessed; for exam-
ple, the collateral vessels of portal hypertension or nodularity of cirrhosis or
neoplasm may be evident.

Determination of cause of ascites. When the cause of ascites is unknown,
laparoscopic examination of the abdominal organs, the omentum, and the peri-
toneum may provide an answer. The most common causes are disseminated
cancer, usually ovarian, and cirrhosis.

Staging of Hodgkin’s disease and non-Hodgkin’s lymphoma.

Evaluation of patients with fever of unknown origin.

Evaluation of patients with chronic or intermittent abdominal pain.
Diagnoses include abdominal adhesions, Crohn’s disease, appendicitis, and
endometriosis.

Contraindications include a perforated viscus, abdominal wall infections, diffuse
peritonitis, and clinically significant coagulopathy. Chronic lung disease and con-
gestive heart failure are relative contraindications. If laparoscopy is necessary in
those instances, sedation should be minimized and the patient should have pulse
oximetry and cardiovascular monitoring. Tense ascites interferes with adequate
visualization and should be treated before attempting laparoscopy.

Technique. Most diagnostic laparoscopic procedures are performed electively in
patients who have fasted and are under sedation and local anesthesia. A small skin
incision is made, usually above and to the left of the umbilicus, avoiding surgical
scars and abdominal masses. Nitrous oxide or carbon dioxide gas is introduced by
a needle to distend the abdomen, and a trocar and cannula are passed through the
incision into the peritoneal cavity. The laparoscope is inserted into the abdomen

p
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and, by maneuvering the instrument or positioning the patient, most of the abdom-
inal contents can be examined. Tissue samples can be obtained by brushes, nee-
dles, or forceps that are passed through the laparoscope. At the conclusion of the
examination, the gas is withdrawn, the instrument is removed, and the small inci-
sion is closed with sutures or clips.

o

Therapeutic laparoscopy. Some conditions can be treated by the laparoscopic

techniques described. These treatments include aspiration of cysts and abscesses,
lysis of adhesions, ligation of the fallopian tubes, and ablation of endometriosis or
cancer by laser. However, the most dramatic advances in therapeutic laparoscopy
have been in the area of operative laparoscopy, described in the following sections.

Il. LAPAROSCOPIC SURGERY. The recent advances in laparoscopic surgery have been
the result of two important contemporary factors: (a) the remarkable continuing devel-
opments in fiberoptic technology and (b) the strong economic incentives to minimize
the duration of hospitalization and use of inpatient hospital facilities.

A. Laparoscopic cholecystectomy

1.

2,

Indications and contraindications for laparoscopic cholecystectomy are the
same as for traditional operative cholecystectomy (Table 6-1).

Technique. The equipment and instruments required to perform laparoscopic
surgery are reviewed in the selected reading by Gadacz and associates. Briefly,
the equipment includes a powerful (xenon) light source, a carbon dioxide insuf-
flator, a high-resolution end-viewing camera with a high-resolution video
monitor, an irrigation device that instills fluid at a high flow rate, and an elec-
trocautery or laser device. A variety of instruments also are needed, including a
Veress needle for insufflation, cannulas with trocars, endoscopes, retractors,
graspers, dissectors, a clip applier, irrigation and aspiration catheters, coagula-
tors, and catheters for performing cholangiography.

Laparoscopic cholangiography and cholecystectomy can be performed
under general or epidural anesthesia. Preoperative antibiotics generally are used
at the discretion of the operator but are indicated in patients with recent chole-
cystitis, heart valve prostheses, and other medical risk factors. Before beginning

I Indications and Contraindications for
TABLE 6 Laparoscopic Cholecystectomy

Indications Cholelithiasis and biliary colic

Relative contraindications Acute cholecystitis

Absolute contraindications Acute cholangitis

Symptomatic gallbladder polyps
Resolved gallstone pancreatitis
Symptomatic chronic cholecystitis

Previous upper abdominal operation
Minor bleeding disorder
Common duct stones

Severe acute cholecystitis
Acute pancreatitis
Peritonitis

Portal hypertension
Pregnancy

Serious bleeding disorder
Morbid obesity

From Gadacz TR, et al. Laparoscopic cholecystectomy. Surg Clin North Am. 1990;70:1249. Reprinted
with permission.
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the procedure, the urinary bladder is drained with a Foley catheter, and the
stomach is decompressed with a nasogastric tube. Two video monitors, one on
each side of the operating table, allow all members of the operating team a view
of the procedure. Several cannulas are inserted through the abdominal wall for
insufflation and surgical manipulation; the surgical laparoscope is inserted just
above the umbilicus. A detailed description of the laparoscopic cholecystectomy
procedure is provided by Gadacz, et al.

3. Results. As experience with laparoscopic cholecystectomy increases, the proce-
dure is recognized to be safe and effective. Operative time is less than 2 hours.
Most patients are able to leave the hospital in fewer than 2 days and are able to
return to work more quickly than after standard operative cholecystectomy.
Thus, there are economic savings both in decreased hospital costs and in
reduced time away from work. Fewer than 5% of patients require standard
laparotomy because of a complication of the laparoscopic procedure, such as
bleeding, bile duct leak, bile duct injury, or technical difficulties.

B. Other laparoscopic operations. Laparoscopic appendectomy and inguinal
herniorrhaphy are performed routinely, and other more extensive abdominal oper-
ations, such as gastrectomy, colectomy, esophageal fundoplication, gastric stapling,
and intestinal bypass are also performed, but require more advanced expertise.
Laparoscopic techniques are also used to treat pulmonary and pericardial lesions
in the chest. Intraluminal laparoscopic surgery via the lumena of the GI tract, e.g.,
stomach, is the promising new era of surgical management of intraabdominal
diseases.
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PERCUTANEOUS LIVER BIOPSY

icroscopic or biochemical examination of liver tissue often provides the
definitive diagnosis and leads to effective management of liver and systemic disorders. The
liver tissue typically is obtained by percutaneous needle biopsy, either in hospitalized
patients or in selected outpatients. The outpatient procedure is reserved for patients who
do not have severe liver disease, a clotting disorder, or some other serious illness. Facilities
must be available to observe the patients for 3 to 5 hours after the biopsy.

In recent years, percutaneous needle aspiration or biopsy of liver lesions under ultra-
sound or computed tomography (CT) scan guidance has obviated the need for obtaining a
traditional “blind” liver biopsy in most patients. Automatic liver biopsy needles are used
to obtain thin core biopsies of liver lesions or for sampling of the liver. Liver biopsy may
also be obtained during laparoscopy.

I. INDICATIONS AND CONTRAINDICATIONS. The major indication for performing a
liver biopsy is to clarify the nature of suspected liver disease. In some instances, liver
biopsy is performed to determine the effect of treatment of known liver disease or to
document the appearance of the liver before initiating therapy (usually for a nonhep-
atic disorder) with a potentially hepatotoxic drug.

Contraindications to percutaneous liver biopsy are listed in Table 7-1; some
may not be absolute. For example, patients with severe liver disease commonly have
clotting disorders. If a liver biopsy is believed to be necessary under those circum-
stances, patients can be prepared with infusions of fresh-frozen plasma and platelets.
In patients with severe liver disease and coagulopathy, a transjugular venous liver
biopsy may be the safer and the only alternative technique for obtaining a liver biopsy.

Il. TRADITIONAL METHOD OF PERFORMING THE BIOPSY

A. Prebiopsy care. Patients should fast for at least 6 hours before the biopsy and,
because they will have to remain in bed for several hours after the biopsy, they
should be encouraged to void. Hemoglobin count, hematocrit, white blood cell
count, platelet count, prothrombin time, and partial thromboplastin time should
be determined several days before the biopsy.

B. Choice of biopsy site. The patient lies in a supine position near the right edge of
the bed with the right hand under the head and the head turned toward the left.
If the liver is not enlarged, an intercostal site is chosen that is within the area of

Contraindications to Percutaneous Liver Biopsy

Uncooperative patient

Bleeding disorder

Infection in skin, pleura, right lower lung, or peritoneum overlying the liver
Suspected liver abscess or vascular lesion

Difficulty in determining liver location, as with ascites

Severe extrahepatic obstruction
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maximal liver dullness between the anterior and midaxillary lines. If the biopsy is
being done under ultrasound, the site is chosen by the radiologist.

Preparation of the biopsy site. Using sterile gloves, cleanse the biopsy site and
surrounding skin with acetone-alcohol and iodine solutions, and arrange sterile
drapes around the biopsy site. Infiltrate the skin with local anesthetic. The anes-
thetic also may be infiltrated beneath the skin to the liver capsule, with care taken
to keep the needle at the upper edge of the rib to avoid the artery that runs below
the rib.

Taking the biopsy. Make a 4-mm skin incision at the biopsy site with a no. 11
knife blade. Fill a 20-mL syringe with about 10 mL of sterile saline (avoid bacte-
riostatic preparations if you plan to culture the biopsy tissue), and attach the
biopsy needle. (Generally, this is a Menghini or modified Menghini needle.) Insert
the biopsy needle through the skin incision parallel to the surface of the bed, aim-
ing toward the xiphoid. Advance the needle into the intercostal muscles, and flush
the needle with 0.2 to 0.5 mL of saline.

Have the patient hold the breath at full expiration for the intercostal
approach; at full inspiration for the subcostal approach. It is wise to have the
patient practice this maneuver several times before the biopsy is obtained. Apply
constant suction on the syringe and, in a rapid, smooth motion, advance and

o

|

Figure 7-1. Photomicrograph of the liver, showing the central area of a classic lobule with a cen-
tral vein. (From Snell RS. Clinical and Functional Histology for Medical Students. Boston: Little,
Brown; 1984:479. Reprinted with permission.)
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Figure 7-2. Photomicrograph of the liver, showing the peripheral area of a classic lobule with a
branch of the hepatic artery (A), a branch of the portal vein (V), and a small bile duct (D). (From Snell
RS. Clinical and Functional Histology for Medical Students. Boston: Little, Brown; 1984:479.
Reprinted with permission.)

withdraw the needle 4 to 5 cm. The total duration of this movement should not
exceed 1 second. Ask the patient to resume breathing. A second biopsy through
the same incision at a slightly different angle will increase the diagnostic yield in
patients with suspected cancer of the liver. The biopsy may be expelled from the
needle temporarily into saline or directly into 10% formalin. Apply an adhesive
bandage over the biopsy wound.

Percutaneous liver biopsies may also be obtained using automatic biopsy
needles. These automatic needle “guns” are usually preferred by radiologists and

I TABLE 7-2 Complications of Percutaneous Liver Biopsy

Hemorrhage Hemothorax
Bile peritonitis Penetration of abdominal viscera
Pneumothorax
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gastroenterologists obtaining liver biopsies under ultrasound or CT-scan guidance.
The steps of the procedure are similar to the traditional biopsy technique.

E. Postbiopsy care. The patient should remain in bed for 4 to 6 hours. Some physi-
cians advise patients to lie on their right side for the first 2 hours. After that time
they may sit up in bed. Blood pressure and pulse should be checked frequently.
One method is to obtain vital signs every 30 minutes for 2 hours, and every hour
for 3 hours. Outpatients should be asked to communicate with a nurse or physi-
cian the next day. Patients may be allowed to drink clear liquids shortly after
biopsy but should avoid solid food for several hours until it is clear that no seri-
ous complication has developed.

lll. COMPLICATIONS FROM LIVER BIOPSY are infrequent but may be dramatic
(Table 7-2 on page 30). Deaths have been reported in about 1 in 1,000 biopsies and
major complications in about 3 in 1,000. Complications can be minimized by using a
needle 1.2 mm in diameter or less, avoiding biopsy in high-risk patients, and adhering
strictly to protocol for obtaining the biopsy.

IV. INTERPRETATION OF THE BIOPSY. The spectrum of pathologic changes is broad
and cannot be discussed here at length. However, the approach to interpretation of a
liver biopsy is similar to that for interpretation of a small-bowel mucosal biopsy: The
observer looks for changes in cellularity and architecture.

The liver lobule contains a central (hepatic) vein surrounded by sinusoids (Fig.
7-1 on page 29). At the periphery of the lobule are several portal triads (Fig. 7-2 on
page 30). Within the triads are bile ducts, portal vein, hepatic artery, connective tis-
sue, and round cells. Pathologic changes may include expansion of the portal triads
with inflammatory cells, accumulation of inflammatory cells and fibrosis between
the triads (bridging), destruction of hepatic parenchymal cells, dropout of parenchy-
mal cells, and distortion of the lobular architecture by inflammation and fibrosis.
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MANOMETRIC STUDIES

Zhe gastrointestinal tract is a long, muscular tube in which the coordinated relaxation
and contraction of smooth muscle, expressed as peristalsis, actions of various sphincters,
and accommodation to the bulk of ingested food and secretions play an important role in
normal digestive function. Increasingly, abnormalities in gastrointestinal neuromuscular
activity are recognized as being responsible for clinical disorders.

32

ESOPHAGEAL MOTILITY STUDIES. The main purpose of the esophagus is to trans-
port food and secretions to the stomach. It performs this task through a series of coor-
dinated events that begins when a solid or liquid bolus is propelled to the back of the
mouth and into the pharynx by the tongue. Thereafter, the process of swallowing
becomes “automatic.” First, the upper esophageal sphincter (UES), which constricts
the esophagus just below the pharynx, relaxes as the pharynx contracts and the bolus
passes into the upper esophagus. Next, a primary peristaltic contraction propels the
bolus down the esophagus but usually is insufficient to carry the bolus the entire
length of the esophagus.

Secondary peristaltic contractions are initiated when the esophagus is distended
by the bolus, and these contractions finish moving the bolus to the stomach. Finally,
as the bolus reaches the mid-to-lower esophagus, the lower esophageal sphincter (LES)
relaxes to allow the bolus to pass into the stomach. The tonic contraction of the LES,
which relaxes during swallowing, normally presents an effective barrier against reflux
of gastric contents into the esophagus.

A. Indications and contraindications. Esophageal manometry is useful in diagnos-
ing disorders of motility or a dysfunctional UES or LES (Table 8-1). Typically,
patients with motility disorders complain of dysphagia, usually to both liquids and
solids (see Chapter 20). Esophageal manometry also is useful in the evaluation of
patients with noncardiac chest pain (see Chapter 21). Some of these patients can be
shown to have esophageal spasm or a related motility disorder. Finally, esophageal
manometry sometimes is used in the evaluation of patients with severe gastroe-
sophageal reflux to document impairment of peristalsis or LES function (see
Chapter 19). Patients with reflux symptoms usually do not require esophageal
manometry, however.

Esophageal manometry should not be performed in a patient who is unwill-
ing to cooperate in swallowing the tube or in a patient with severe mechanical
esophageal obstruction.

B. Method of performing esophageal manometry. Patients are asked to fast for 6
to 8 hours before the study. Usually no sedatives or topical anesthetics are given
because these medications may interfere with esophageal motor function. If the
patient is unable to swallow the tube, however, a small amount of topical anes-
thetic may be applied to the pharynx or, if the tube is to be passed through the
nose, to the internal nares. Patients may return to their usual activities and diet
after completion of the study.

The typical manometry tube has three recording probes (either perfused
catheter tips or solid-state transducers) arranged linearly toward the distal end of
the tube (Fig. 8-1). The most proximal probe is 5§ cm above the middle probe, which
in turn is 5§ cm above the distal probe. The tube is passed through either the nose or
the mouth as the patient swallows and is positioned initially so that all three probes
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Disorders in Which Esophageal Manometry May Be
Useful in Making a Diagnosis

Upper esophageal sphincter (UES) dysfunction
Poor coordination between pharyngeal contraction and UES relaxation
Hypercontracting UES

Motility disorder of the esophageal body
Hypo- or aperistalsis
Hyperperistalsis— “nutcracker” esophagus
Esophageal spasm or variant
Nonspecific motility disorder

Lower esophageal sphincter (LES) dysfunction
Hypercontracting LES that fails to relax completely on swallowing (achalasia)
Weak or absent LES

are within the stomach. As the tube is withdrawn gradually, each probe passes
through the LES. As the probes move up into the body of the esophagus, peristaltic
contractions are recorded sequentially as they pass down the esophagus, first with
the proximal probe, next the middle probe, and last the distal one. When the mid-
dle or distal probe lies within the LES, the relation between esophageal peristaltic
contractions and sphincteric relaxation can be observed (Fig. 8-2). Similarly, when
the upper probe lies in the pharynx and the middle probe is within the UES, the
relation between pharyngeal contractions and UES relaxation can be recorded.

Figure 8-1. The esophageal manometry tube is coiled on a chart recorder. Note the three small
transducers arranged serially, 5 cm apart, beginning 5 cm from the distal end of the tube.
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Figure 8-2. Manometric appearance of normal peristaltic contractions and relaxation of the lower
esophageal sphincter (LES). The upper, middle, and lower probes are each separated by 5 cm.
(From Eastwood GL. Core Textbook of Gastroenterology. Philadelphia: Lippincott Williams & Wilkins;
1984:27. Reprinted with permission.)

C. Interpretation of manometric findings and the role manometry plays in the diag-

nosis of specific esophageal disorders are discussed in subsequent chapters. It is
sufficient at this point to say that some conditions may have quite specific diag-
nostic findings by manometry, such as the hypercontracting LES of achalasia,
which fails to relax completely on swallowing, whereas other conditions, such as
esophageal motor disorders causing chest pain, may be accompanied by nonspe-
cific or normal findings at the time of manometry; in these instances, manometry
is of little diagnostic value.

Il. PH TESTING. Measurement of esophageal pH by means of an intraesophageal pH

electrode, which usually is positioned 5 cm above the LES, can be determined at the
time of the esophageal motility study or over a 24-hour period.
A. pH measurements after standard motility studies include testing for acid clear-

ance in which 15 mL of 0.1 N HCl is infused into the lower esophagus. The patient
is asked to dry-swallow every 30 seconds until the pH returns to the baseline value,
which should occur within 15 swallows. Ineffective clearance of acid occurs in con-
ditions that cause abnormal esophageal peristalsis, such as scleroderma, achalasia,
and other esophageal motility disorders, and in conditions that decrease the volume
of salivary secretion, such as scleroderma and the sicca complex.

Measurements of lower esophageal pH also can be diagnostic of gastro-
esophageal reflux. Esophageal pH is documented with the patient supine, prone,
and on the left and right sides; when relaxed and after performing the Valsalva
maneuver; and after assuming the knee—chest position. After the patient is posi-
tioned, 300 mL of 0.1 N HCl is instilled into the stomach and pH measurements
are repeated in all the positions. A drop in pH below 4.0 in any position in the
basal state or in two positions after acid instillation is regarded as indicative of
abnormal reflux of acid. Measurement of esophageal peristalsis during acid infu-
sion (see Chapter 22, Section II.B.2.d, Bernstein test) may document a motility dis-
order that is responsible for the chest pain.

. Ambulatory pH measurements. Several ambulatory pH monitoring systems are

available that allow continuous measurement of esophageal pH for up to 24 hours
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under conditions that patients experience during their everyday lives. This proce-
dure is particularly useful in documenting nocturnal reflux symptoms or symptoms
that occur in relation to other experiences or activities. Patients are asked to keep
a record of their symptoms. The best correlations with symptoms appear to be
with total time that pH is less than 4.0 and with the number of times intra-
esophageal pH below 4.0 exceeds 5 minutes.

C. A wireless pH monitoring (Bravo) device has been developed to improve patient
comfort and increase pH test sensitivity. It is placed endoscopically in the distal esoph-
agus and allows for prolonged monitoring (48 hours vs. 24 hours). The extended
monitoring period helps to better understand GER physiology by studying the day-
to-day and moment-by-moment variability of GER. It may also be used to assess the
effectiveness of acid suppressive therapy without the need for repeat testing.

D. Multichannel intraluminal impedance (MIl) is a new technique for the evalua-
tion of gastroesophageal reflux disease (GERD) and for esophageal motor function
testing. It can assess esophageal bolus transit similar to barium swallow and the
proximal extent of the reflux event. MII can be used in combination with
esophageal manometry for concurrent assessment of esophageal motor function
and motility.

E. High-resolution manometry (HRM) is solid-state manometry with 36 circumferen-
tial sensors spaced at 1-cm intervals (4.2-mm outer diameter). Each of these sensors
contains 12 circumferentially isolated sensors that detect pressure over a 2.5-mm
length of the esophagus.

The procedure involves placing the catheter in the esophagus and recording
10 swallows, then withdrawing. Pressures detected by each sensor are averaged to
obtain a mean pressure measurement for each sensor, making each of the 36 sen-
sors a circumferential pressure detector. The data obtained are then processed by a
computerized program (ManoScan) to create high-resolution plots or conventual
line traces.

HRM is simpler, faster, and more precise. It provides a complete observation
of the esophageal motor function from the pharynx to the LES without the need
for catheter reposition and gives accurate sphincter pressures and assessment of
peristaltic performance.

IIl. ANORECTAL MANOMETRY may be useful in the evaluation of patients with consti-
pation or stool incontinence. Measurements include documentation of baseline pres-
sures of the internal and external anal sphincters and the relaxation response of the
internal sphincter to distention of the rectal vault by stool or an inflated balloon. For
example, in Hirschsprung’s disease, the internal anal sphincter does not relax ade-
quately in response to rectal distention.

Incontinence from internal anal sphincteric dysfunction can be caused by hemor-
rhoid surgery or neuromuscular disorders affecting smooth muscle. The internal anal
sphincter is under autonomic control, whereas the external anal sphincter is under vol-
untary control. External sphincteric dysfunction may be related to sacral nerve disease
and disorders of striated muscle.

IV. MANOMETRY OF THE STOMACH, SMALL INTESTINE, AND COLON is available in
some institutions as a research tool to investigate clinical disorders of gut motility;
however, the technique is not generally available. Conditions that may affect motility
of the stomach and intestines include diabetes, autonomic neuropathy, vagotomy,
connective tissue disorders, muscular disorders, and infiltrative disorders (e.g.,
amyloidosis).
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IMAGING STUDIES

ﬁt is an unusual patient who, complaining of some digestive disorder, does not have a
radiologic or ultrasound study sometime during the course of the evaluation. In the pre-
endoscopic era, many gastroenterologists performed plain and barium-contrast radiographic
studies in their own offices. Now the term gastroenterologist is virtually synonymous with
endoscopist, and roentgenographic studies are performed (appropriately) by a radiologist.
Nevertheless, all physicians who see patients with digestive complaints should be familiar
with the radiologic, ultrasound, and radionuclide studies that are commonly available.

I. RADIOLOGIC AND ULTRASOUND STUDIES
A. Plain chest and abdominal films

1. Chest films. Sometimes physicians overlook the value of the plain chest and
abdominal x-ray films. A widened mediastinum or an air-fluid level in the medi-
astinum may indicate an obstructed and dilated esophagus. Pleural effusions
may accompany ascites or acute pancreatitis. Patients with pneumonia occa-
sionally seek treatment for abdominal pain. In patients with suspected perfora-
tion of an abdominal viscus, the upright chest film is superior to abdominal
films, which usually do not visualize the domes of the diaphragm, in identify-
ing free air under the diaphragm.

2. Abdominal films. A complete set of plain abdominal films includes a supine
view and an upright view. Sometimes the supine film is called the “flat plate,”

a holdover from the early days of radiology when photographic plates instead

of films were used. Another term in the medical jargon is KUB, an acronym for

kidney, ureter, and bladder, although much more than these three organs are
shown.

a. Both the soft tissue densities and the bony structures should be exam-
ined carefully on the abdominal plain film. Accumulations of calcium may
be seen in the pancreas or other organs, signifying chronic inflammatory
disease. In atherosclerotic disease, calcium may outline the aorta and other
vessels; an aortic aneurysm may first be suspected by careful examination
of the abdominal plain film.

b. The distribution of air in the bowel is of importance. Normally air is seen
at various locations in the colon and rectum, and a small amount of air may
appear in the small bowel. The air provides a natural contrast medium,
which sometimes outlines mass lesions. Submucosal collections of blood,
fluid, or inflammatory cells, which also protrude into the bowel lumen,
may give a clue to the presence of a disorder such as ischemic bowel disease,
lymphoma, or Crohn’s disease. Dilatation of the small or large intestine
occurs in bowel obstruction or ileus. A markedly dilated, ahaustral trans-
verse colon is typical of toxic megacolon. Absence of bowel loops in a por-
tion of the abdomen may indicate a large mass; the mass may distort the
appearance of otherwise normal loops of bowel. The upright film (or a lat-
eral decubitus film, if the patient cannot stand) may show air-fluid levels
signifying obstruction or ileus. Rarely, an air-filled loop of bowel in the
scrotum is seen, indicating a large inguinal hernia.

B. The barium swallow most often is ordered to evaluate disorders of swallowing,
although it also may be useful in delineating size and configuration of the heart
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chambers and other mediastinal structures. Occasionally an esophageal-tracheal
fistula can be identified in this manner.

Views of the esophagus usually are included in a standard upper gastroin-
testinal (GI) series, but typically are limited to the middle and lower esophagus.
During a barium swallow, the radiologist also obtains views of the pharynx and
upper esophagus and looks carefully under fluoroscopy at the process of swallow-
ing from initiation to completion. This step is facilitated by the use of a videotape
of the swallowing action after the patient swallows both a liquid bolus and a solid
bolus (e.g., barium-impregnated bread). This procedure allows the swallowing
process to be scrutinized closely, using slow motion or stop-action when necessary.

. Upper gastrointestinal series. The standard upper GI series includes views of

the middle and lower esophagus, stomach, duodenum, and proximal jejunum.
Although the upper GI series has less diagnostic accuracy than endoscopy, it plays
a major role in the evaluation of digestive complaints. Gastrointestinal radiologists
sometimes have the patient also swallow substances that release carbon dioxide,
providing air contrast and improving diagnostic accuracy.

. Small-bowel series

1. The small-bowel series usually is a continuation of the upper GI series. In most
radiology departments, however, the small-bowel series must be ordered specifi-
cally. After the patient has swallowed the requisite amount of barium to complete
the upper GI series, delayed films are taken for up to 1 to 2 hours to visualize the
loops of small bowel. Particular care is taken to identify the terminal ileum because
of the predilection of Crohn’s disease or lymphoma for that site. Sometimes, a
reasonable view of the cecum and ascending colon can be obtained.

2. An important variant of the small-bowel series is the small-bowel enema, or
enteroclysis. In a small-bowel enema, the patient does not swallow barium;
instead, a small tube is passed by mouth into the duodenum. Barium is injected
through the tube to opacify the small intestine. This procedure has the advan-
tage of allowing a smaller quantity of barium to be used, thereby not obscur-
ing the loops of small intestine and thus focusing more specifically on that
organ. Injection of air after the barium allows air-contrast films to be made and
improves the diagnostic accuracy.

. Barium enema

1. The standard barium enema is performed after the colon has been evacuated
with a conventional cathartic and enema preparation (usually preceded by a
clear-liquid diet for 1 to 2 days) or a balanced electrolyte lavage solution. These
bowel preparations are similar to those used before colonoscopy (see Chapter 3).
Barium is subsequently allowed to flow by gravity into the colon through the
rectum. Instillation of air improves the contrast. In most patients, barium
refluxes into the terminal ileum.

2. In general, a sigmoidoscopy should precede a barium enema. The two studies
are complementary.

3. In some clinical situations, a limited barium enema is performed without a
bowel preparation. This would be the case when a bowel obstruction is sus-
pected and a limited view of the colon is necessary. If the patient has an intus-
susception of the colon or a sigmoid volvulus, a carefully performed barium
enema without preparation may correct these disorders. Finally, in the evalua-
tion of suspected Hirschsprung’s disease (aganglionosis of the rectum or distal
colon), a limited barium enema in an unprepared colon has a greater likelihood
of providing diagnostic information than examination of a colon empty of stool.

. Gallbladder and biliary studies. A number of studies have been used to evaluate

the gallbladder and biliary ductal system. These include oral cholecystography,

intravenous cholangiography, percutaneous cholangiography, endoscopic retro-

grade cholangiopancreatography (ERCP) (see Chapter 5), computed tomography

(CT) scan (see Section I.H), ultrasonography (see Section 1.J), and the HIDA scan

(see Section IL.B).

1. The oral cholecystogram has been available for decades to evaluate gallblad-
der function and diagnose gallstones. However, abdominal ultrasonography
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(see Section L.J) has largely replaced oral cholecystography for identifying gall-
stones, although the two studies may be complementary in some patients.
During oral cholecystography, radiopaque iodine-containing dye is ingested in
the form of tablets, absorbed from the intestine, extracted by the liver, and
excreted into bile, where it is concentrated in the gallbladder, which is then visu-
alized radiographically. Usually the biliary ductal system is not opacitied. Failure
to see the gallbladder after a double-dose oral cholecystogram is a strong indi-
cator of gallbladder disease. However, failure to opacify the gallbladder may
also result from poor absorption of the dye, intrinsic liver disease, or a serum
bilirubin level in excess of 3 mg/dL. Today, this technique is rarely observed.

2. During intravenous cholangiography, a radiopaque dye is injected by vein
and, like the oral dye, is extracted by the liver and excreted in the bile.
However, unlike oral cholecystography, both the major bile ducts and the gall-
bladder opacify during intravenous cholangiography. The study is severely lim-
ited when the serum bilirubin level is greater than 3 mg/dL. Furthermore, the
extent and clarity of opacification of the bile duct system is considerably less
than that achieved with ERCP or percutaneous cholangiography. Thus, cur-
rently there is little clinical use for intravenous cholangiography.

3. Percutaneous transhepatic cholangiography (PTC) is performed by passing
a long, thin needle (about 23-gauge) through the skin into the liver. As the nee-
dle is withdrawn slowly, small amounts of radiopaque dye are injected until the
bile duct is visualized. Sufficient dye is subsequently injected to opacify the bil-
iary system. This test is more than 90% successful in patients with extrahepatic
obstruction and dilated bile ducts. It is only 50% to 60% successful in patients
with normal-size ducts. The ready availability of ERCP has decreased the fre-
quency with which PTC is used. Often, when one of the two studies is unsuc-
cessful, the other is successful in visualizing an obstructed biliary system.

G. Intravenous pyelogram. Although an intravenous pyelogram (IVP) is most com-
monly used in the evaluation of the genitourinary tract, it can be of help as an
adjunct to the evaluation of some GI and other abdominal disorders. Retro-
peritoneal tumors and the inflammatory masses that occur in Crohn’s disease may
cause deviation or obstruction of the ureters. Similarly, masses may impinge on the
bladder. Rarely, an enterovesical fistula can be visualized by IVP or by retrograde
cystography.

H. Computed tomography scan. The nearly universal availability of computed
tomography (CT) scanning has altered the diagnostic approach to many patients
with abdominal complaints. The CT scan often aids in making a diagnosis quickly,
abbreviating the diagnostic evaluation, shortening hospital stay, and avoiding
unnecessary studies. For example, lesions in locations and in organs within the
abdomen that formerly was obscure, such as the retroperitoneum and pancreas,
now often can be readily visualized by CT scanning.

The CT scan has largely replaced the radionuclide liver-spleen scan for
detecting masses of the liver because of its ability to resolve smaller lesions. In
addition, the CT scan shows the size and shape of the liver more accurately and
provides information about other abdominal organs that is not available by
liver-spleen scan. Furthermore, the relative densities of mass lesions can be esti-
mated by CT scanning to determine whether such lesions are solid or cystic.

The diagnostic accuracy of the CT scan is enhanced by the injection of con-
trast material intravenously to visualize the vascular system and by oral adminis-
tration of contrast to delineate the GI tract.

The ability to obtain tissue samples by fine-needle aspiration has enhanced
the diagnostic capability of CT scanning even more. In this manner, malignant
lesions, abscesses, and benign cysts can be histologically and cytologically con-
firmed. Abscesses and infected cysts also can be drained and treated by CT-guided
placement of drainage catheters.

CT colography has been developed for examination of the colon, especially
for the detection of colonic polyps and neoplasms. The patients are prepared sim-
ilarly as for colonoscopy. At the time of the scanning, air is introduced into the
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colon, and the colon is kept distended during the CT scanning. Patients do not
receive any sedation and thus the procedure may be painful. Polyps larger than
7 to 10 mm are seen with acceptable accuracy; however, smaller polyps may be
missed by this technique. If a polyp is found, patients are then referred for
colonoscopy.

CT enterography is a newer technique gaining popularity used in the exam-
ination of the small intestine, especially for the detection of Crohn’s disease and its
complications. It is able to detect early lesions (i.e., aphthous ulcers, bowel wall
inflammation and thickening, and early stricture and fistula formation).
Angiography. Selective arteriography of the celiac axis, superior mesenteric artery,
inferior mesenteric artery, or their branches may reveal vascular tumors, document
the effects of other tumors on abdominal organs, and identify sites of bleeding. For
extravasation of dye to be seen at a bleeding site, it is estimated that the rate of
bleeding must be at least 0.5 to 1.0 mL per minute.

Selective arteriography can also be therapeutic. Autologous clots or
vasopressin can be injected into appropriate vessels. In patients with cancer,
chemotherapeutic drugs can be delivered directly to the tumor. This procedure has
been used particularly in the treatment of malignant lesions in the liver.

. Ultrasonography, which depends on the reflection of sound waves to create an

image rather than ionizing radiation, can visualize the organs of the abdomen with
high accuracy by means of modern high-resolution equipment. Ultrasonography
usually is less expensive than CT and is better in detecting some conditions, such as
gallstones. Stomach or bowel gas may obscure visualization of the organs beneath.

The inclusion of an ultrasound device in the tip of an endoscope (endo-
scopic ultrasound) has produced a sophisticated technique for the examination
of the GI tract and adjacent structures (see Chapter 5).

Il. RADIONUCLIDE STUDIES

A. Liver-spleen scan. When a radiolabeled colloid, such as technetium Tc¢ 99m sul-

fur colloid, is injected intravenously, it is taken up by the reticuloendothelial sys-
tem of the liver, spleen, and bone marrow. Normally little, if any, radioactivity is
detected over the bone marrow of healthy people because most of the colloid has
been “filtered out” through the liver and spleen during the initial passages of the
circulation. In moderate-to-advanced liver disease, however, when blood flow
through the liver is impaired, relatively more colloid is removed in the spleen and
bone marrow. This factor accounts for the increase in density of the spleen and bone
marrow that is typical of chronic parenchymal liver disease. The liver-spleen scan
can give some estimate of the size and shape of the liver and spleen and can indi-
cate whether mass lesions are present. However, the lower limits of resolution for
a mass lesion by radionuclide scan is about 1 to 2 ¢cm, which is poorer than the
resolving power of a CT scan—about 0.5 cm.

Indications for liver—spleen scanning have decreased since abdominal CT
scanning has come into common usage. The liver-spleen scan is still a reasonable
method of estimating the sizes of the liver and the spleen and of determining
whether enough chronic liver disease is present to cause a shift of the colloid to the
spleen and bone marrow.

. HIDA scan. Technetium Tc 99m—dimethylphenylcarbamylmethyl-iminodiacetic

acid (HIDA) is extracted from blood by liver parenchymal cells and excreted into
bile. In this respect, it resembles oral cholecystography dye; because of nuclear
imaging methods, however, the bile ducts and gallbladder can be visualized when
the serum bilirubin is as high as 7 mg/dL. Other, related radiolabeled agents (i.e.,
PIPP DD) may be used when the serum bilirubin is as high as 10 to 15 mg/dL.
The major use of the HIDA scan is in making the diagnosis of acute chole-
cystitis. In acute cholecystitis, the gallbladder fails to visualize. HIDA scanning
also has been used to implicate common bile duct obstruction when the radiolabel
visualizes the bile ducts, but fails to enter the duodenum. However, other methods
(e.g., ultrasonography, CT scanning, ERCP) are much more accurate in identifying
obstruction of the common duct. Finally, HIDA scanning in conjunction with the
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injection of cholecystokinin (CCK) has been used as a test of gallbladder function.

Some patients with an abdominal pain syndrome, but without gallstones, are

believed to suffer from a dysfunctional gallbladder. Injection of CCK normally

causes prompt but painless contraction of the gallbladder and relaxation of the
sphincter of Oddi. If CCK injection during HIDA scanning causes reproduction of
the patient’s clinical pain and a delay in gallbladder emptying, it may indicate that
gallbladder dysfunction is responsible for the patient’s symptoms.

C. Scans using radiolabeled blood cells and blood components

1. Scanning the abdomen after labeling the red blood cells or other blood com-
ponents may indicate the site of bleeding. The rate of blood loss required to be
evident by the scan is estimated to be about 0.1 mL per minute, much less than
that required for selective arteriography. The value of the radionuclide scan for
bleeding is not in making a specific diagnosis, but in suggesting the site of bleed-
ing so that other diagnostic studies can be performed.

2. Labeling the patient’s white blood cells has been used in some institutions to
help locate abscesses or tissue necrosis. A variant, the intravenous injection of
gallium 67, can identify abscesses because of the binding of gallium to white
cells. These techniques have been less useful since high-resolution CT scans
have been available.

MAGNETIC RESONANCE IMAGING (MRI) depends on the magnetic properties of
atomic nuclei with unpaired nucleons (i.e., an odd number of protons or neutrons).
For clinical purposes, MRI uses the hydrogen atom, or proton. Protons are compo-
nents of water and, to some extent, fats, which are found in all tissues. The MRI image
is generated by placing the protons (tissue) in a strong magnetic field, which aligns
them parallel to the magnetic field, and energizing the protons by the application of an
appropriate radiowave. As the energized protons return to the former equilibrium
state, they emit radiowaves, which are recorded as the MRI signal. The strength of the
signal depends on the density of the protons, the blood flow, and the relaxation time
constants, which are known as T1 and T2. The advantages of MRI over CT are that
MRI uses no ionizing radiation, there is no bone artifact, and contrast agents usually
are not required. The sensitivity and specificity of MRI is enhanced by intravenous
contrast injection.

MRI has been used most extensively in neurodiagnostics, and its application to
gastroenterology has been limited to imaging of the liver to characterize hepatic
tumors, iron overload, and hepatic venous and portal venous occlusion. For the eval-
uation of the other abdominal organs and the retroperitoneum, CT is superior
to MRI.

. POSITRON EMISSION TOMOGRAPHY (PET) uses positively charged electrons

(positrons) that are emitted from natural elements, such as carbon 11, nitrogen 13,
oxygen 15, and fluorine 18, to create images. These natural radioisotopes behave
normally in the body and can be used to synthesize radiopharmaceuticals for specific
purposes. An advantage of PET over CT and MRI is that it is more useful in evaluat-
ing organ function. Its clinical application has been largely in the evaluation of pri-
mary or metastatic cancer, recurrence, and for detection of cancer after surgery and/or
chemoradiation therapy.
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NUTRITIONAL REQUIREMENTS
AND ASSESSMENT

I. METABOLISM

A. Normal energy metabolism. Every day normal adults need roughly 25 to 30 kcal
of fuel/kg of body weight. For a 70-kg person, this is about 2,100 kcal per day. A
typical American derives 40% to 60% of daily calories from carbohydrates, 20%
to 45% from lipids, and 10% to 20% from protein. Glucose is the body’s pre-
ferred source of immediate energy. The healthy body manufactures glucose from
carbohydrates, protein, and the glycerol backbone of triglycerides (TGs). Since
very little carbohydrate can be stored in the body, most of the body’s reserve energy
stores are made up of lipids. There is no storage form of protein. Even though pro-
tein can be metabolized for energy, this results in wasting of lean body mass and
negative nitrogen balance.

B. Metabolism of carbohydrates
1. Glucose. Most of the ingested carbohydrate is broken down to glucose, which

enters the circulation. Glucose is taken up by all cells of the body and burned for
immediate energy. Under normal, well-fed circumstances, the cells of the central
nervous system depend on glucose for energy. However, neurons of the brain
cortex and blood cells can use only glucose as fuel under all circumstances.

2. Glycogen. Glucose, fructose, and galactose can be converted to glycogen, a
polymer of glucose, which is stored mainly in the liver (200 mg) and muscle
(300 mg) as a readily available energy reserve. Liver glycogen can be converted
directly to glucose for systemic distribution. However, muscle glycogen is
burned by muscle itself. Total glycogen stores of the body can meet the body’s
energy needs for 36 to 48 hours.

The body protects its glycogen stores for emergencies. At times of tempo-
rary glucose insufficiency, the body manufactures glucose by gluconeogenesis,
from protein and glycerol of lipids. Also free fatty acids (FFAs) and amino acids
are burned for direct energy. Excess dietary carbohydrate is converted to TGs
for storage in the adipose tissue.

C. Metabolism of lipids. Lipids constitute the body’s main energy reserve. A
nonobese, 70-kg man has 12 to 18 kg of fat stores. This figure is somewhat higher
for women. Fat supplies 9 kcal/g compared to 4 kcal/g from glucose or protein.

Ingested lipids are hydrolyzed in the intestinal lumen, and then absorbed into
enterocytes of the small intestine, where they are resynthesized into TGs. In the
enterocytes, TGs made up of long-chain FFAs form chylomicrons by the addition
of apoproteins. Chylomicrons are secreted into the intercellular space and are
absorbed into the lymphatics. Short- and medium-chain FFAs are directly absorbed
into the portal vein. Lipoprotein lipase of endothelial cells release FFAs from TGs,
and FFAs enter cells of various tissues (e.g., heart and muscle), where they are oxi-
dized for energy, and cells of adipose tissue to form TGs for storage. Adipose tis-
sue can also convert carbohydrates and proteins into TGs by lipogenesis.

Mobilization of TGs for energy by lipolysis begins with the hydrolysis of TGs
into FFAs and glycerol. Glycerol may be either converted into glucose by gluco-
neogenesis or directly oxidized further. FFAs enter some tissue cells, are broken
down to acetyl coenzyme A, and oxidized through the Krebs cycle. At times of
starvation and lack of glucose as fuel, large quantities of FFAs enter tissue cells.

The Krebs cycle may become overloaded, and FFAs may be incompletely oxidized.
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Intermediate products in the form of acids and ketone bodies accumulate in the
blood, leading to ketosis and acidosis.

. Metabolism of protein. The body of a 70-kg man contains 10 to 14 kg of protein.

Because there is no storage form of protein in the body, the protein compartment
must be maintained by daily intake. A typical adult requires about 0.8 to 1.0 g of pro-
tein/kg of body weight per day. For a 70-kg man, this is about 65 to 70 g.

Ingested protein may be used for protein synthesis or fuel, especially if the
body requires more energy than is supplied by carbohydrate and lipid intake. In
this event, body protein may also be catabolized for energy. One third of the body’s
total protein is potentially available as an energy source in case of dire need.
Further protein catabolism, however, severely jeopardizes health.

If protein is ingested in amounts greater than needed for protein synthesis and
energy production, it is stripped of its nitrogen and converted to glucose, glycogen,
and TGs for storage. Protein, besides being needed for structural purposes, is also
needed for replacement, repair, and growth of tissue (cell components) and main-
tenance of circulating proteins (e.g., albumin, transferrin, coagulation proteins,
enzymes, and antibodies).

. Nitrogen balance. In a healthy adult, ingested protein must supply enough amino

acids to maintain a constant level of body protein. Thus, the intake of protein

must equal or exceed the breakdown of body protein. The effect of diet on the

body’s protein compartment may be approximated by nitrogen balance. Nitrogen
balance is the difference between nitrogen intake and output.

1. When protein synthesis is equal to protein degradation, one has a neutral
nitrogen balance. In adults, this is a sign of health.

2. Positive nitrogen balance occurs when protein synthesis exceeds protein degra-
dation. This suggests tissue growth. This state is normal and expected in chil-
dren. In adults, it may mean rebuilding of wasted tissue.

3. In negative nitrogen balance, the protein breakdown is in excess of protein
synthesis. This catabolic state usually occurs in sepsis, trauma, and burns, and
when the carbohydrate and lipid intake is less than the body’s energy needs,
necessitating use of the body’s own protein for fuel.

4. Calculation of nitrogen balance. Nitrogen balance can be calculated with
reasonable accuracy. Nitrogen makes up 16% of ingested protein. The division
of protein intake in grams by 6.25 (the reciprocal of 0.16) will give nitrogen
intake. Most of the nitrogen output from the body is into the urine as urea,
which can be measured. Other excreted nitrogen is in feces and urine as
nonurea nitrogen, amounting to about 4 g per day. The addition of 4 g to the
urine nitrogen measured will give the daily nitrogen output. Thus, nitrogen bal-
ance can be calculated by subtracting nitrogen output from nitrogen input.

Nitrogen balance = nitrogen in — nitrogen out
= protein intake — [daily urinary nitrogen + 4 g 6.25
(for nonurea nitrogen)]

For example, if protein intake is 75 g, urine urea nitrogen is 500% or § g/L
with 2,000-mL urine output per 24 hours.

Nitrogen balance = 75 g protein

—[(5g/L X2 L)+ 4]6.25 g protein/g nitrogen
12 g nitrogen intake — 14 g nitrogen output

= —22 g per day

F. Energy metabolism in starvation. During periods of starvation, when ingested nutri-

ents are unavailable, the body goes through different stages of metabolic adaptation.

Energy requirements are met by metabolism of substrates from the energy reserves,

which are drawn on simultaneously, but not equally, following a careful sequence.

1. For immediate use, the glycogen in the liver is depolymerized to glucose for
systemic use. Muscle glycogen is oxidized locally. The lactate produced may be
converted to glucose in the liver for systemic use. If used up entirely, the glyco-
gen reserves are depleted in 36 to 48 hours.
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2.

3.

»

In early starvation, glucose is produced from gluconeogenesis from amino
acids, lactate, and glycerol, but within a week the amount available for fuel
becomes severely limited. Its use is reserved exclusively for the central nervous
system and glycolytic tissues: erythrocytes, leukocytes, and macrophages.
Maintenance of this basal glucose production is essential. However, because its
main source is amino acids derived from catabolism of the body’s own protein,
it jeopardizes the body’s survival.

After the first few days of starvation, an adaptive response takes effect.
Metabolic rate decreases. FFAs become the main source of energy. The heart,
kidneys, and muscle take up and oxidize FFAs directly. Twenty-five percent of
the FFA released from the adipose tissue is partially metabolized in the liver to
form ketone bodies, which are readily used in peripheral tissues. There is also
a recycling of lactate and pyruvate back into glucose by the Cori cycle. These
changes decrease the protein requirements to about one third that of the non-
adapted state.

In prolonged starvation, the brain also adapts to the use of ketone bodies for
fuel. This further spares glucose and decreases protein breakdown. As the adi-
pose tissue becomes depleted, the body is forced to use its own essential protein
for energy, leading to loss of protein from muscle, liver, spleen, kidneys, gas-
trointestinal tract, and plasma. The heart, adrenals, and central nervous system
are initially protected. However, weight loss in excess of 20% to 30% seriously
increases mortality due to organ dysfunction, anemia, impaired immunity, inef-
fective wound healing, and decreased resistance to infection.

In contrast, the catabolic state in sepsis and injury induces an increase in
protein requirements. Protein catabolism, as represented by urine urea nitro-
gen, may increase by 50% in patients with sepsis and may nearly double in
those with severe trauma or burns. This increase in protein catabolism occurs
without an adequate compensatory increase in protein synthesis. Mediators of
this catabolic response include glucocorticoid, catecholamines, glucagon, and
perhaps interleukin-1. These substances induce an increase in lipid mobiliza-
tion and oxidation, skeletal muscle catabolism, and hepatic gluconeogenesis;
they also induce a state of insulin resistance. The septic state is highly catabolic,
with net catabolism even in the presence of abundant protein and calories.

Il. ASSESSMENT OF NUTRITIONAL STATUS. Protein—calorie starvation is the pro-
gressive loss of lean body mass and adipose tissue because of inadequate intake of
amino acids and calories. Anemia, malabsorption, and hypermetabolism are some of
the causes of malnutrition in patients with a variety of subacute and chronic illnesses.
Protein—calorie malnutrition, which increases morbidity and mortality, can be reversed
by appropriate nutritional support by enteral and parenteral routes.

A. Anthropometric measurements

1.

p

Height, weight, triceps skinfold thickness (for quantitative estimate of adi-
pose tissue stores) and mid-upper arm circumference (for estimate of muscle
mass [somatic protein]) are useful data in nutritional assessment. Each actual
measurement can be compared to the standards (Tables 10-1-10-3) as follows:

% standard = Actual measure/Standard X 100

Body weight below 90% of ideal is considered as protein—calorie undernutri-
tion. However, due to pre-illness obesity and presence of edema, body weight
may not be subnormal in the malnourished patient.

Creatinine height index. The most important laboratory test for detecting pro-
tein—energy undernutrition is the creatinine height index (CHI). The actual daily
urinary creatinine excretion is compared with an ideal value to compute CHI.

Actual urinary creatinine/Ideal urinary creatinine X 100 = CHI

By expressing this index as a percentage of standards, the severity of the
loss of muscle mass can be graded as mild, moderate, severe, or critical (Tables
10-4 and 10-5).
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I Ideal Weight for Height*

Men
Height (cm) Weight (kg) Height (cm) Weight (kg) Height (cm)  Weight (kg)
145 51.9 159 59.9 173 68.7
146 52.4 160 60.5 174 69.4
147 52.9 161 61.1 175 701
148 53.5 162 61.7 176 70.8
149 54.0 163 62.3 177 71.6
150 54.5 164 62.9 178 72.4
151 55.0 165 63.5 179 73.3
152 55.6 166 64.0 180 74.2
153 56.1 167 64.6 181 75.0
154 56.6 168 65.2 182 75.8
155 57.2 169 65.9 183 76.5
156 57.9 170 66.6 184 77.3
157 58.6 171 67.3 185 781
158 59.3 172 68.0 186 78.9
Women
140 44.9 150 50.4 160 56.2
141 45.4 151 51.0 161 56.9
142 45.9 152 51.5 162 57.6
143 46.4 153 52.0 163 58.3
144 47.0 154 52.5 164 58.9
145 47.5 155 53.1 165 59.5
146 48.0 156 53.7 166 60.1
147 48.6 157 54.3 167 60.7
148 49.2 158 54.9 168 61.4
149 49.8 159 55.5 169 62.1
*This table corrects the 1959 Metropolitan Standards to nude weight and height without shoe heels.
From Blackburn GL, Bistrian BR, Maini BJ. Nutritional and metabolic assessment of the hospitalized
patient. J Parenter Enteral Nutr. 1977;1:14. Reprinted with permission from the American Society for
Parenteral and Enteral Nutrition.

I Arm Circumference—Adults

Arm circumference (cm)

90% of 80% of 70% of 60% of
Sex Standard standard standard standard standard
Male 29.3 26.3 23.4 20.5 17.6
Female 28.5 25.7 22.8 20.0 1741

Support. 1981;1:10. Reprinted with permission.

From Keenan RA. Assessment of malnutrition using body composition analysis. Clin Consult Nutr
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I Triceps Skinfold—Adult

Triceps skinfold (mm)

90% of 80% of 70% of 60% of ~
Sex standard standard standard standard standard
Male 12.5 11.3 10.0 8.8 7.5
Female 16.5 14.9 13.2 11.6 9.0

From Keenan RA. Assessment of malnutrition using body composition analysis. Clin Consult Nutr
Support. 1981;1:10. Reprinted with permission.

I Ideal Urinary Creatinine Values

Men? WomenP
Ideal Ideal
Height (cm) Creatinine (mg) Height (cm) Creatinine (mg)

157.5 1288 147.3 830
160.0 1325 149.9 851
162.6 1359 152.4 875
165.1 1386 154.9 900
167.6 1426 157.5 925
170.2 1467 160.0 949
172.7 1513 162.6 977
175.3 1555 165.1 1006
177.8 1596 167.6 1044
180.3 1642 170.2 1076
182.9 1691 172.7 1109
185.4 1739 175.3 1141
188.0 1785 177.8 1174
190.5 1831 180.3 1206
193.0 1891 182.9 1240

aCreatinine coefficient (men) = 23 mg/kg of ideal body weight.

bCreatinine coefficient (wvomen) = 18 mg/kg of ideal body weight.

From Blackburn GL, Bistrian BR, Maini BJ. Nutritional and metabolic assessment of the hospitalized
patient. J Parenter Enteral Nutr. 1977;1:15. Reprinted with permission of the American Society for
Parenteral and Enteral Nutrition.

4. Creatinine total arm-length ratio. The measurement of total arm length is an
alternative to height for use in nutritional assessment because of the variability
of height in elderly patients. This measurement works equally well in younger
patients.

B. Biochemical data such as serum albumin, transferrin, total lymphocyte count,
delayed hypersensitivity skin response to common antigens, and nitrogen balance
are useful indices for visceral protein status. Deficiency of visceral protein levels is
found in patients with advanced protein depletion.

The serum albumin concentration may be a simple and reliable measurement
for predicting outcome in critically ill patients in the intensive care unit (ICU) set-
ting. In a study from the Mayo Clinic, serum albumin level correlated with the



50

Part IlI: Nutritional Assessment and Management

number of ICU days, with the number of days on a ventilator, and with the num-
ber of hospital days. It was the only measurement that correlated with the devel-
opment of both a new infection and ventilator dependency.

C. Rate of nutritional depletion. Not only is the severity of the protein-intake
depletion important, but also its rate of progression. Ingestion of less than 30 g
per day of protein and less than 1,000 kcal per day means that protein—calorie
undernutrition will progress rapidly. Associated fever, infection, trauma, or mal-
absorption will further accelerate the rate of nutritional depletion. It is important
to note that the stress of sepsis induces an obligatory protein loss regardless of the
provision of nutrients. Thus, nutritional status in these patients needs to be closely
monitored.

NUTRITIONAL REQUIREMENTS. The body needs seven groups of nutrients: carbo-
hydrates, lipids, proteins, vitamins, electrolytes, trace elements, and water.
The calorie and energy requirements of healthy individuals vary depending on age, body
size, and level of physical activity. Calorie intake should balance energy expenditure to
maintain body weight. The energy requirements of seriously ill or injured patients are
different than in health and depend on the nature and severity of the illness.

A satisfactory estimate of basal calorie requirement or basic energy expenditure
(BEE) can be calculated from the Harris—Benedict equation, which takes into account
sex, height, age, and weight (Table 10-5). For most patients, the Harris—Benedict
equation provides an adequate estimate of caloric needs. However, in some clinical
situations (e.g., impending respiratory failure, active weaning from mechanical venti-
lation), a more individualized and accurate estimate is needed. Indirect calorimetry is
useful in such instances.

Indirect calorimetry is a method of determining caloric expenditure in different
metabolic situations. The carbon dioxide and oxygen levels in inspired and expired air
are measured and compared. The average of several measurements taken over a 10- to
20-minute period gives a close approximation of caloric expenditure.

Indirect calorimetry also provides the respiratory quotient (RQ), which reflects
the number of carbon dioxide molecules produced per molecule of oxygen consumed.
The RQ varies, depending on the metabolic substrate. For example, the RQ is 1.0 for
pure carbohydrate metabolism, 0.8 for protein, and 0.7 for fat. Because respiratory
effort may decrease as carbon dioxide production drops, patients with respiratory
distress may benefit from a reduction in carbon dioxide production achieved by low-
ering the RQ.

Lowering the RQ involves two principles: avoidance of excess calories and sub-
stitution of fat for carbohydrate. A common error is to assume that providing addi-
tional fat calories will reduce the RQ. On the contrary, excess calories may cause the
RQ to increase above 1.0, possibly to as high as 4.0, depending on the amount of
excess calories.

‘ABLE 1 Harris-Benedict Equations for Calculation of Basal
Energy Expenditure

Women: BEE = 655 + (9.6 X W) + (1.8 X H) — (4.7 X A)

Men: BEE = 66 + (13.7 X W) + (6 X H) — (6.8 X A)

Multiply resting energy expenditure value by stress or activity factor (ranging from 1.1 to 1.4)
to obtain daily caloric requirements.

BEE, basal energy expenditure; W, actual or usual weight in kilograms; H, height in centimeters;
A, age in years.

From Blackburn GL, Bistrian BR, Maini BJ. Nutritional and metabolic assessment of the hospitalized
patient. J Parenter Enteral Nutr. 1977;1:14. Reprinted with permission of the American Society for
Parenteral and Enteral Nutrition.
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A. Proper use of indirect calorimetry and the RQ requires recognition of the fol-
lowing factors:

1.
2.

Excess calories tend to greatly increase the RQ and production of carbon dioxide.
When the RQ is greater than 1.0, total calories should be decreased initially
to approximate the caloric requirement; indirect calorimetry may then be
repeated.

. When the RQ is less than 1.0 but greater than 0.85 and further reduction of the

RQ is deemed beneficial, fat calories may be substituted for carbohydrate calo-
ries; however, simply adding fat calories is counterproductive.

. Lowering the RQ is beneficial only when respiratory failure is impending or

when weaning from mechanical ventilation is difficult. Patients undergoing
long-term ventilatory support or who will not undergo weaning for several
days do not benefit from high-fat feedings or a reduction in RQ.

B. If lipid substitution is desired, a dietitian can be helpful in making appropriate
changes in enteral feeding or in adjusting glucose calories and substituting lipid in
parenteral feedings. Although lipid substitution can be beneficial, studies have
shown that intravenous administration of lipid has potentially adverse effects.
Despite these reports, intravenous lipid feedings of 50 g per day or less have no
definitive adverse effects. This amount is present in a standard 500-mL unit of
10% intravenous lipid and provides 450 kcal.

IV. GUIDELINES FOR NUTRITIONAL SUPPORT
A. Calorie and protein requirements

1.

Well-nourished patients without sepsis or injury. Nutritional support is not
needed for short-term problems. If normal eating is likely to resume within §
days, no specialized feeding should be initiated. The risks of nutritional support
outweigh any potential benefit. During observation or diagnostic testing, pro-
viding water and electrolytes is sufficient.

. In nondepleted, postoperative patients, the goal of nutrition is to prevent

loss of body protein. If the patient is unable to eat after surgery, the patient
should be given 20% more calories than the BEE indicates (1.2 — 1.5 X BEE),
which will provide about 35 to 40 kcal/kg of body weight. In addition, 0.8 to
1.0 g of protein per kg of body weight is required.

. Malnourished patients without sepsis or injury. In this state of simple starva-

tion, protein and caloric requirements are reduced. Increased nutrient intake is
necessary for repletion, but caution is needed to avoid the refeeding syndrome.

. Refeeding syndrome. Patients who are malnourished, commonly because of

alcoholism or chronic insufficient protein and caloric intake, are at risk for the
refeeding syndrome. When these patients receive carbohydrate or protein, the
activation of anabolic enzymes and pathways may rapidly deplete the available
cofactors. Profound hypophosphatemia and hypomagnesemia may occur,
requiring prompt repletion. Daily assessment of serum phosphate, calcium,
magnesium, and other electrolytes during the first few days of feeding and pro-
vision of adequate but not excessive calories should prevent the potentially dire
consequences of the refeeding syndrome.

. In nutritionally depleted patients, the protein intake should correspond to

1.5 to 1.8 g/kg of body weight, and the amount of calories should be 50%
above the estimated BEE, or about 40 to 50 kcal/kg of actual body weight.

. In hypermetabolic patients, the goal is to provide 2 g of protein per kilogram

of body weight and a total energy intake of twice the BEE, about 50 kcal/kg of
body weight.

. Well-nourished or malnourished patients with sepsis or injury. An altered

metabolic state exists initially and is characterized by hypermetabolism,
increased endogenous protein breakdown, and a tendency for lipid oxidation
and insulin resistance. Unless adequate calories and protein are provided, pro-
found muscle catabolism and weight loss may result. Well-nourished patients
may do well without feeding for a few days, but malnourished patients should
receive prompt, consistent nutritional support.
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8.

Calorie and nitrogen sources. Calorie sources used in nutritional support
regimens are carbohydrate solutions and lipid emulsions. Intact proteins, pep-
tides, or crystalline amino acid solutions are used as nitrogen sources.

. Essential amino acids. In addition to the general requirement for protein, the

body needs the daily intake of essential amino acids, which the body cannot
synthesize. These are leucine, isoleucine, lysine, methionine, phenylalanine,
threonine, tryptophan, and valine. Histidine, arginine, and glutamine are con-
sidered essential in infants and possibly for healing in adults.

Glutamine is an amino acid synthesized in most body tissue. However, in
catabolic states in critical illness, it may become an essential amino acid. It func-
tions as a nitrogen transporter, a glycogenic precursor, and a high-energy source.
Oxidation of glutamine yields 30 molecules of adenosine triphosphate (ATP). It
is an important fuel for replicating cells (such as cells involved in immunity and
gastrointestinal mucosal cells) and contributes considerably to gut growth.
During catabolic states, glutamine and alanine are released in large quantities

BLE 10-6 Recommended Daily Allowances of Essential Nutrients
for Healthy Adults

Nutrient Recommended daily allowance
Water 1 mL/cal

Energy 1,800-2,500 kcal
Protein 45-56 g

Linoleic acid 4-6¢g

Vitamin A 2,640-3,000 1U
Vitamin D 200 IU

Vitamin E 8-10IU

Vitamin K 0.5-1.0 mg/kg
Ascorbic acid 60 mg

Folic acid 400 pg

Niacin 6.6 mg/1,000 kcal
Riboflavin 1.2-1.6 mg
Thiamine 0.5 mg/1,000 kcal
Vitamin By (pyridoxine) 2.2 mg

Vitamin B, 3.0 mg
Pantothenic acid 5-10 mg

Biotin 100-200 mg
Calcium 800 mg
Phosphorus 800 mg

lodine 100-130 pg

Iron 10-18 mg
Magnesium 300-350 mg

Zinc 15 mg

Copper 2 mg

Potassium 2,500 mg?
Sodium 2,500 mg?
Chloride 2,000 mg?
Chromium 50-120 pg?
Manganese 6-8 mg?
Molybdenum 400 pg?

Selenium 50-100 pg?
aRecommended daily allowance not established. Values are those provided in a normal diet.
Adapted from Food and Nutrition Board, Recommended Daily Allowances. Washington, D.C., 1974;
National Academy of Sciences, National Research Council.
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from muscle, taken up by the splanchnic bed, and delivered to the gut and liver.
In the gut, glutamine is converted to glutamate and enters the Krebs cycle. The
liver metabolizes it to glucose, ketones, and ammonia. Glutamine supplementa-
tion of external and parenteral solutions seems to improve gut mass function and
limit bacterial translocation from the gut to the circulation in critically ill patients.
B. Fluid and electrolytes. The fluid and electrolyte requirements of individuals vary
depending on the disease process. Therapy should be tailored to the patient’s indi-
vidual needs and requirements based on appropriate clinical and laboratory eval-
uations. In general, the patient should receive maintenance requirements of water
and electrolytes. Previous and ongoing losses should be replaced with attention to
the patient’s cardiopulmonary and renal status. A convenient method for calcu-
lating maintenance fluid requirements is as follows:
1. First 10 kg of body weight = 1,000 mL.
2. Next 10 kg of body weight = 500 mL.
8. Each kilogram of body weight thereafter = 20 mL.
C. Vitamins and trace elements serve as parts of enzymes or coenzymes and are
needed by the body in small quantities each day. These should be included in the
patient’s daily diet (Table 10-6).
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ENTERAL NUTRITION

PATIENT SELECTION. Patients with established protein—calorie malnutrition or those
whose condition will result in protein—calorie undernutrition are candidates for nutri-
tional support. The enteral route should be preferred in any patient with a functional
gastrointestinal (GI) tract over the parenteral routes because of its relative simplicity,
safety, and economy. Some indications for the use of enteral hyperalimentation are
listed in Table 11-1. Enteral feeding is contraindicated in patients with severely com-
promised GI function, where access to the GI tract is not feasible, and in patients with
severe vomiting, intestinal obstruction, ileus, or GI bleeding.

Nutritional support by the enteral route is not a single entity. It encompasses a
wide range of techniques and products for use in the clinical spectrum of undernutri-
tion. At one extreme, it may be the addition of a nutritional supplement to the
patient’s orally consumed diet; at the other extreme, it may provide the patient with
the complete nutritional requirements. In some cases, a satisfactory level of nutritional
support may not be achievable by the enteral route alone, and combination of this
method with parenteral intravenous alimentation may be necessary.

ENTERAL FORMULAS. Three types of enteral mixtures differing in osmolality,

digestibility, caloric density, lactose content, fat content, and cost (Table 11-2) are

available: formulas with intact nutrients, formulas with predigested nutrients (ele-
mental diets), and feeding modules.
A. Formulas with intact nutrients

1. Blenderized feedings are equivalent to a meat-based meal that has been

prepared in a blender. They are nutritionally complete if sufficient calories are

given and generally provide 1 kcal/mL. However, they tend to be viscous and do

not flow well in the newer, narrower, soft feeding tubes, and most contain lactose.

Some Indications for the Use of Enteral
Nutritional Support

Anorexia Major burns

Malabsorption syndromes Severe trauma

Chronic malnutrition Multiple fractures
Gastrointestinal tract fistulas (low) Head and neck surgery
Partial obstruction of the gastrointestinal tract Anorexia nervosa

Ulcerative colitis Hepatic failure

Crohn’s disease Renal failure

Bowel irradiation Prolonged ventilatory support
Pancreatic disease Cerebrovascular accident
Short-bowel syndrome Prolonged coma

Presurgical nutritional replenishment Neurologic trauma
Postoperative nutritional support Organic brain syndrome
Inflammatory bowel disease Sepsis

Carcinoma Multiple organ system failure
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2. Lactose-free feedings (1 kcal/mL). These products have become the standard
tube-feeding preparations. They are prepared from isolated nutrients rather than
whole foods. They consist of polymeric mixtures of proteins, fats, and carbohy-
drates in high-molecular form. Thus, they are lower in osmolality (300-350 osm/L
isotonic to plasma) than are formulas supplying equivalent amounts of calories
in lower molecular weight substrates. Since these mixtures are prepared from
undigested nutrients, patients who are receiving them must have intact digestive
and absorptive capabilities. They are nutritionally complete if sufficient calories
are given. Their sodium, potassium, lactose, and residue contents are low.
Essential fatty acid insufficiency is not a problem. With these products, 30% to
40% of the calories are provided as fat, 50% to 70% as carbohydrate, and 3%
to 10% as protein. Because these formulas are unflavored and generally taste
like chalk, they are recommended for tube feeding only, not for oral intake. Two
new enteral formulas are available that contain soy polysaccharide as a fiber
source (Jevity and Enrich). These formulations may help decrease the incidence
of diarrhea in tube-fed patients.

3. Nutrient-dense feedings. These formulas are virtually identical in composition
to 1 kcal/mL products except that they are more concentrated and have high
osmolality. They are nutritionally complete and provide 1.5 to 2.0 kcal/mL.
They are also more flavorful and may be used as oral feedings and supplements.

B. Formulas with predigested nutrients (elemental diets)

1. Nutritionally complete feedings. These formulas are prepared from amino
acids or small peptides, simple glucose polymers (oligosaccharides) rather than
complex carbohydrates (polysaccharides), medium-chain triglycerides, and mini-
mal amounts of fat. They are hypertonic and uniformly unpalatable. Elemental
diets, because of their simple nutrients that do not require digestion, have been
recommended for use in patients with digestive or absorptive abnormalities,
such as patients with short-bowel syndrome, low intestinal fistulas, inflamma-
tory bowel disease, acute and chronic pancreatitis, and malabsorptive states.
Recent research has shown that di- and tripeptides are more readily absorbed
than single amino acids by the normal or inflamed intestine. Digestion of fats
containing long-chain triglycerides requires pancreatic lipase for hydrolysis, bile
salts for water solubility, and an intact lymphatic system for intestinal absorp-
tion. Medium-chain triglycerides do not require pancreatic lipase, bile salts, or
lymphatics because they are hydrolyzed by intestinal cell lipase and absorbed
directly into the portal venous system.

The use of oligosaccharides rather than polysaccharides as well as crys-
talline amino acids and small peptides increases the osmotic load of these formu-
las. Hypertonic solutions tend to induce osmotic diarrhea, leading to dehydration
and serum electrolyte abnormalities. The high simple-sugar content increases the
risk of hyperglycemia and hyperosmolar state, especially in patients with glucose
intolerance (overt or latent). Essential fatty acid deficiency may result with pro-
longed use of some formulas with low long free fatty acid content. In such cases,
essential fatty acids and linoleic and linolenic acids should be supplied by another
source and means.

These “clemental” formulas should be restricted to use in patients show-
ing definite evidence of maldigestion and malabsorption.

2. Disease-specific feedings. Some formulas are designed for use in patients
with renal failure, respiratory insufficiency, or hepatic encephalopathy. They
are formulated with amino acid mixtures that are intended to modify the meta-
bolic abnormalities associated with these disease states. Some of these formulas
are nutritionally incomplete and should not be used alone for nutritional sup-
port. Thus, whenever possible, standard formulations are preferable.

a. Renal formulations (e.g., amino-acid) are a mixture of carbohydrates,
fats, and essential amino acids with a minimal amount of electrolytes.
Theoretically, the body can convert the carbohydrate precursors of nonessen-
tial amino acids to the actual amino acids by recycling urea nitrogen, thus
slowing down the rate of rise of blood urea nitrogen.
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b. Hepatic formulas (e.g., Hepatic-Acid) are enriched with branched-chain
amino acids and are low in aromatic amino acids and methionine. It has been
postulated that alterations in amino acid balance may contribute to
the abnormal central nervous system function in patients with hepatic
encephalopathy.

c. In patients with diabetes mellitus, selection of a product low in simple
sugars and with up to 50% of total calories in complex carbohydrates will
keep insulin needs in moderation.

d. In patients with respiratory disease with carbon dioxide retention, a for-
mula with high-fat content (respiratory quotient [carbon dioxide produced/
oxygen consumed] = 0.7 for fats vs. 1.0 for carbohydrate) is preferred. The
complete oxidation of fat produces less carbon dioxide on a per-calorie basis
than does the complete oxidation of either glucose or protein. Replacing car-
bohydrate calories with fat calories has been shown to reduce carbon diox-
ide production, oxygen consumption, and minute ventilation. These effects
may aid in weaning patients from ventilatory support; however, high-fat
enteral diets tend to produce diarrhea in some patients. Thus, initially, a
30% fat polymeric diet may be used; if tolerated, then the fat content may be
raised to 50% of the total calories. In intolerant patients, enteral formulas
may be supplemented with parenteral fat emulsion infusions.

C. Feeding modules are concentrated sources of one nutrient (e.g., fat: Lipomul, MCT
Oil; carbohydrate: Polycose; and protein: Pro-Mix). These modules can be added
to formula diets to increase specific components that are deficient or to yield a small-
volume, high-calorie mixture (1.5-2.0 kcal/mL) for patients in whom fluids should be
restricted.

Ill. CALORIC REQUIREMENTS

A. Using the Harris-Benedict equation (see Chapter 10, Table 10-6):
1. The enteral maintenance requirement = 1.2 X basic energy requirements (BEE)
2. The enteral anabolic requirement = 1.5 X BEE
3. The energy in kilocalories, the nitrogen content, and the protein content of each

enteral feeding formula per milliliter is given in the contents table of the prod-
uct provided by the manufacturer. Once the number of kilocalories and the
required amount of protein per day are determined, the number of milliliters
per day that will yield these amounts can be calculated.

IV. METHODS OF ADMINISTRATION

A. Feeding tubes. Feeding tubes (e.g., Keofeed or Dobbhoff tubes) made of silicone
or polyurethane plastics have several advantages over the polyvinyl plastic naso-
gastric tubes. They are thinner and more flexible and do not stiffen or become brit-
tle in the GI tract. Many of these are weighted at the tip, serving as an anchor or
as a leading end for easier passage of the tube.

1. Nasogastric feeding uses the stomach as a reservoir and the pylorus to con-

trol the entry of the feedings into the intestine, diminishing the risk for diarrhea
from osmotic causes and malabsorption.

. Nasoduodenal tubes offer more protection for the patient against aspiration

than do nasogastric tubes because of the presence of the pylorus acting as
another sphincter between the area of the tube feeding and the lungs.

. Surgical placement of feeding tubes may be indicated in some patients who

require long-term enteral nutritional support. Most commonly, gastrostomy,
jejunostomy, or needle—catheter jejunostomy is used.

. Percutaneous endoscopic gastrostomy (PEG) provides a less invasive alter-

native to laparotomy for placement of a gastrostomy tube. These tubes may be
converted to jejunostomy tubes in selected patients.

Prolonged use (>1 month) of nasogastric or nasoduodenal tube feed-
ings is inconvenient, necessitating frequent changes of tubes, and may result
in gastric and esophageal injury due to mechanical trauma from the tube.
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The same nutrient formulas may be used with PEG tubes as with nasogastric

or nasoduodenal tubes.

Types of infusion

1. Continuous drip infusion is the method of choice in initiating tube feedings;
a defined amount is given continuously every hour with the use of an infusion
pump. Although large volumes may be administered over 24 hours, the amount
entering the GI tract at any given time is quite small. This method minimizes
the potential for aspiration, abdominal distention, and diarrhea.

a. For most patients, tube feedings are started at 50 mL/hour using a lactose-
free, 1 kcal/mL formula with intact nutrients. Thereafter, the rate is increased
by increments of 25 mL/hour daily until the desired rate is achieved.

b. If a nutrient-dense or elemental formula is used, the initial starting dilu-
tion should be at least isotonic to plasma. Hypotonic and isotonic solutions
behave almost identically in terms of small intestinal flux of fluid, and thus
there is no advantage to overdiluting a feeding product.

c. When feeding into the small bowel, isotonic solutions (3,000 mOsm) are
started at a continuous rate of 25 to 50 mL/hour every 8 hours until the
needed volume is reached. Osmolarity is then increased until the patient’s
nutrient requirements are reached.

d. Patient position. The patient’s head and shoulders must be kept at a 30- to
45-degree elevation to minimize the risk of aspiration.

2. The “cyclic” method of drip infusion may be used once a patient has been
stabilized on maintenance therapy to provide the patient “flat-in-bed” time by
increasing the rate of infusion per hour during the day and stopping the infu-
sion at night, thus still delivering the same volume of nutrients to the patient
over the 24 hours. The patient’s head and shoulders must be elevated during
feeding and 1 hour after the feeding has been stopped to ensure that gastric
emptying has occurred. Gastric residuals must be measured 2 to 3 hours after
the feeding is stopped.

V. COMPLICATIONS

A.

Mechanical complications

1. Tube clogging. Viscous preparations may obstruct the lumen of the feeding
tube. This can be prevented by flushing the tube every 4 to 8 hours with 20 mL
of water or cranberry juice.

2. Pharyngeal irritation and esophageal erosion are rare with the softer tubes.

3. Tracheoesophageal fistula may occur in patients with endotracheal or tra-
cheostomy tubes receiving mechanical ventilation.

4. Aspiration is the most serious problem with tube feedings. It may be mini-
mized by placement of the tube well beyond the pylorus into the duodenum, by
keeping the gastric volumes less than 100 mL, and by elevation of the patient’s
head and shoulders at 30 to 45 degrees while the patient is being fed.

Gastrointestinal complications. Patients may have nausea, vomiting, crampy

abdominal pain, distention, flatulence, bloating, and diarrhea.

It is not unusual for tube-fed patients to have no bowel movements for 3 to 5
days because most commercial formulas are low in residue. Likewise, it is not
unusual for patients to have loose stools. As long as the volume of the stools is not
large, this may be tolerated. Diarrhea can result from gut atrophy, osmotic over-
load, malabsorption, lactose intolerance, concurrent medications (e.g., antibiotics,
nonsteroidal antiinflammatory drugs, and magnesium-containing antacids), addi-
tives, or vehicles added to medications and fecal impaction with the liquid feces
escaping around the impaction.

Starting patients on slow, continuous infusion of tube feeding without lac-
tose, with gradual increase in concentration and rate of delivery, or the use of for-
mulas with fiber, minimizes this problem. If diarrhea continues, DTO (deodorized
tincture of opium) may be added to the tube feedings with care that ileus does not
develop.
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I 1NN RN A Protocol for Monitoring Enteral Nutritional Status

1. Confirm placement of feeding tube by abdominal x-ray films before administration of feeding.
2. Elevate head of bed 30 to 45 degrees when feeding into the stomach.
3. Name of formula ; volume of formula mL at

strength to be given over hour(s); rate of feeding
mL/h.
4. Change administration tubing and feeding bag daily.
5. Irrigate feeding tube with 20 mL water at completion of each intermittent feeding when
tube is disconnected.
6. Check for gastric residual every hour(s) in patients receiving gastric feedings;
withhold feedings for hour(s) if residual is 50% greater than ordered volume.
7. Make sure formula does not hang for more than 8 hours.
8. Record intake and output daily; chart volume of formula separately from water or other
oral intake for every shift.
9. Weigh the patient daily; chart on graph.
10. Obtain calorie counts from dietitian daily for 5 d, then once weekly if patient is taking food
by mouth.
11. Order a complete blood count with red blood cell indices, serum chemistries, total iron
binding capacity, and serum iron and magnesium levels weekly.
12. Order serum glucose, electrolytes, BUN, and creatinine.
13. Obtain 24-hour urine collection for volume, creatinine, and urea to start at 8 A.M. weekly.

BUN, blood urea nitrogen.

C. Metabolic complications. Fluid and electrolyte imbalances may occur, especially
in compromised patients. Patients may also develop edema, hyperglycemia, hyper-
ammonemia, azotemia, and essential fatty acid deficiency. Thus, strict monitoring
of patients is mandatory.

VI. MONITORING OF PATIENTS ON TUBE FEEDINGS. Patients on tube feedings should
be continuously monitored for mechanical aspects of the feeding: patient position,
tube position and patency, and gastric residual. In addition, the patient’s daily weight,
serum electrolytes, chemistries, nitrogen balance, nutritional status, and progress need
close attention by both the physicians and the paramedical staff caring for the patient.
A monitoring protocol (Table 11-3) helps ensure that the specified nutritional goals
are met.
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PARENTERAL NUTRITION

DEFINITION. Parenteral nutrition (PN) is defined as the administration of nutrients
directly into the venous system. PN can be given peripherally into the veins of the arm
or centrally into the subclavian or internal jugular vein or vena cava.

The decision to use peripheral parenteral nutrition (PPN) rather than central
or total parenteral nutrition (CPN or TPN, respectively) is based on the number of calo-
ries to be given as well as the duration of the nutritional support. Concentrated solu-
tions of carbohydrates (CHOs) and amino acids (AAs) providing a large number of
calories are hypertonic and cannot be given into the peripheral veins. Due to their small
size and relatively low blood flow, peripheral veins are irritated by hypertonic solutions
and tend to develop thrombophlebitis. In the larger central veins, the hypertonic solu-
tions are quickly diluted by the rapid blood flow, decreasing the risk of inflammation and
venous thrombosis. Both forms of PN can be used in conjunction with enteral feedings.

. INDICATIONS. PN should be considered in any patient who cannot ingest or absorb

sufficient calories through the gastrointestinal tract. Table 12-1 lists some of the
disease categories with indications for PN.

CENTRAL OR TOTAL PARENTERAL NUTRITION
A. Administration. PN is rather complex. To be practiced successfully and safely, it
should be administered by a trained TPN team using a strict protocol. An effective

TPN team consists of a physician, nutritionist, pharmacist, and nurse.

B. Placement of the central venous catheter

1. Percutaneous subclavian or internal jugular catheter is used for short-term
therapy. The placement of the central line should be done by an experienced
physician using standard protocol.

2. Hickman and/or Groshong-Broviac soft catheters for long-term therapy
(>1 month) are silicone (Silastic) catheters with single- or double-lumen tubing
and externally needled Luer-Lok caps, which are inserted by an experienced
physician under fluoroscopy. They are tunneled and anchored subcutaneously
with a polyester (Dacron) cuff.

C. Mechanical complications of central catheterization. Each of the following
complications should be expected and handled expediently by the TPN team:

. Pneumothorax

. Hemothorax, hydrothorax, or chylothorax

. Pericardial effusion with tamponade

. Arterial puncture

. Brachial plexus injury

. Catheter embolism

. Air embolism

. Venous thrombosis and thrombophlebitis

D. Catheter care. Patients receiving TPN often have an increased risk of infection. The
predisposing factors include malnutrition, immune incompetence, steroid treatment
or chemotherapy, concomitant infections, broad-spectrum antibiotic therapy, and
presence of a foreign body (the catheter) in the vascular system. TPN-related infection
may result from contamination of the catheter by skin flora, contamination of the

TPN solution or tubing, or bacteremia originating from another source in the body.

ONOOGOLWN=
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Indications for Parenteral Nutrition

Gastrointestinal disease
Inflammatory bowel disease
Radiation enteritis
Short-bowel syndrome
Severe malabsorption state
Intestinal fistula
Pancreatitis
Diverticulitis
Intestinal obstruction

Preoperative preparation of malnourished patients
Carcinoma of the head and neck
Esophageal stricture or carcinoma
Tracheoseophageal fistula
Gastric outlet obstruction
Severe peptic ulcer disease
Inflammatory bowel disease

Postoperative surgical complications
Paralytic ileus
Gastrointestinal tract fistula
Enterocutaneous fistula
Pancreatic or biliary fistula

Miscellaneous
Extensive burns or trauma
Cancer patients receiving radiation or chemotherapy
Anorexia nervosa
Some forms of liver disease
Renal failure

Most pathogens responsible for infected catheters originate from superficial sites such

as tracheostomies or abdominal wounds. The most common organisms associated

with catheter infections are: Staphylococcus epidermidis, Staphylococcus aureus,

Klebsiella pneumoniae, and Candida albicans.

A specific procedure using aseptic technique must be followed in the care of

the catheter and dressing. The catheter should be used exclusively for TPN and not
for any other purpose (e.g., blood drawing; central venous pressure measurement;
administration of drugs, antibiotics, or blood products).
Caloric requirements. Nutritional support regimens are usually based on estimates
of energy expenditure. These estimates were thought to be increased substantially in
patients with severe trauma or sepsis because of a presumed hypermetabolic state.
However, using actual energy expenditure measurements, a large increase in the
metabolic rate has not been seen in stressed patients. Excessive caloric intake can
produce complications such as hepatomegaly and liver dysfunction due to fatty infil-
tration of the liver, respiratory insufficiency due to excessive carbon dioxide produc-
tion during increased lipogenesis, and hyperglycemia with osmotic diuresis due to
glucose intolerance.

1. A patient’s energy requirements depend on a number of factors, including
age, sex, height, and degree of hypermetabolism. Resting energy expenditure
(REE) may be measured using the principles of indirect calorimetry from mea-
surements of carbon dioxide production and oxygen consumption. If metabolic
nutritional analysis is not available, it is possible to estimate the basal energy
expenditure (BEE) using the Harris—Benedict equation.
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2. The Harris-Benedict equation offers a reasonable estimate of energy expendi-
ture but generally overestimates at smaller body sizes and smaller body energy
expenditures (W = weight in kilograms, H = height in centimeters, A = age in
years).

a. Men. BEE = 66 + (13.7 X W) + (5§ X H) — (6.8 X A)
b. Women. BEE = 655 + (9.6 X W) + (1.7 X H) — (4.7 X A)

8. Most studies now suggest that a 12% to 40% increase over estimated BEE is an
appropriate adjustment for septic or injured or critically ill patients requir-
ing mechanical ventilation. One must increase the BEE by an additional 15% to
account for the calories required for utilization of TPN.

4. In summary, if a patient is not stressed by sepsis or trauma, a 15% increase in
BEE is needed to provide the energy necessary to utilize the nutrients provided
by TPN. If the patient requires mechanical ventilation, a 20% to 25% increase
in BEE is needed, and if the patient has evidence of hypermetabolism from sepsis
or injury, an increase of 30% to 40% in BEE may be required.

F. Protein and nitrogen requirements. The healthy individual needs 0.8 g of pro-

tein per kilogram of ideal body weight. Needs may increase up to 2.5 g/kg because
of stress. To replace protein lost because of stress or to promote anabolism, 1.2 to
1.5 g/kg is frequently used.

Another common way of estimating protein needs is to use the nonprotein
calorie-to-nitrogen ratio. The ratios of 100 to 150 kcal:1 g of nitrogen in stressful
conditions to promote anabolism and 250 to 300 kcal:1 g of nitrogen for normal
body maintenance are often used. The nonprotein calorie-to-nitrogen ratio is based
on the premise that sufficient calories must be ingested before protein will be used
for tissue maintenance and repair, that is, 100 to 150 kcal is needed to lay down
1 g of nitrogen.

Ideal calorie—nitrogen ratio = 150:1
Protein (gm)/150 = 6.25 X energy requirement in kilocalories
1 g of nitrogen = 6.25 g of protein

AAs are administered as a substrate for anabolism rather than as an energy
substrate except in patients with burns or severe sepsis who cannot utilize lipid or
glucose effectively and require AA as a substrate for both energy and anabolism.

AA solutions containing a higher concentration of the branched-chain AAs
(BCAA), leucine, isoleucine, and valine, may be metabolized more effectively in
patients with hypercatabolic states, such as sepsis and trauma. In some studies, it
was noted that septic or injured patients treated with BCAA rather than a conven-
tional AA solution had more rapid improvements in nitrogen balance, total lym-
phocyte count, and delayed hypersensitivity. Because BCAA solutions require a
hypermetabolic state to exert their beneficial effects, they should not be used
routinely.

. Nutrient sources. Balanced intake of seven groups of nutrients is needed daily.

These are CHOs, lipids, proteins, electrolytes, trace elements, and water. These are
ordered by the physician daily.

Glucose solutions and lipid emulsions are calorie sources (energy substrate)
used in PN except in patients with burns or severe sepsis who are unable to utilize
lipid or glucose effectively. In these patients AAs, preferably BCAAs, are used as
both an energy source and a substrate for anabolism. If glucose is used as the exclu-
sive energy substrate in TPN solutions, carbon dioxide production increases
markedly with increased glucose loading (>40 kcal/kg per day) because there is
increased lipogenesis (net fat synthesis) relative to glucose oxidation. In addition to
increased carbon dioxide production, resulting in an increase of the respiratory
quotient above 1, there is also an increase in oxygen consumption because fat synthe-
sis requires energy. Therefore, large amounts of glucose may constitute a metabolic
stress and cause carbon dioxide retention where respiratory function is impaired.
Using lipids plus glucose, instead of isocaloric amounts of glucose alone, decreases the
respiratory workload in patients with compromised pulmonary function. Fat is
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the favored energy source in sepsis, in which glucose utilization is depressed with
increased insulin resistance. It is recommended that in the septic hypermetabolic
patient, glucose intake be restricted to one half or less of the REE.

IV. TPN SOLUTIONS
A. Dextrose solutions (CHO source). Commonly used dextrose solutions are 5%
(170 kcal/L), 10% (340 kcal/L), 50% (1,700 kcal/L), and 70% (2,380 kcal/L).
B. Protein solutions. Commonly used AA solutions are 3.5%, 8.5%, 10%, and 11.4%.
C. Lipid emulsions. Lipid 10% (500 mL [1.1 kcal/mL]) or 20% (500 mL [2.0 kcal/mL]).

V. CALCULATIONS OF NUTRIENT VALUES FOR TPN
A. CHO
1. CHO (g) = dextrose 50%(mL) X 0.5 or dextrose 70%(mL) X 0.7
2. CHO (kcal) = 3.4 X CHO(g) or 3.4 kcal/g of CHO
Dextrose 50% = 1.7 kcal/mL or 1,700 kcal/L
Dextrose 70% = 2.38 kcal/mL or 2,380 kcal/L

3. Maximum glucose utilization rate = 5 mg/kg per minute or 40 kcal/kg per
24 hours

B. Protein
1. Protein (g) = 10% AAs = 0.1 g protein/mL

3.5% AAs = 0.03 g protein/mL

= 8.5% AAs = 0.085 g protein/mL

= 11.4% Novamine = 0.114 g protein/mL

= 6.9% FreAmine HBC = 0.069 g protein/mL
= 8.0% Hepatamine = 0.08 g protein/mL

2. 1 g of protein = 4.3 kcal

C. Fat

1. Lipids are available as emulsions of cottonseed, soy, and safflower oils and of

glycerol. These emulsions are isotonic and may be administered peripherally or
centrally.

. The maximum fat allowance = 2.5 g/kg per day.

. Not more than 60% to 70% of total calories per day should be from fat.

. Lipid is given daily to most patients on TPN to supply 30% to 50% of the total
energy requirements and essential fatty acids. In most medical centers, 20%
lipid solutions are preferred, and the lipid is directly added to the CHO and
protein solutions. The combined mixture is administered to the patient.

5. In a minority of patients, acute respiratory distress, hypoxemia, and cyanosis
may develop at the initial exposure to lipid emulsions. The rate of administra-
tion of the initial dose of lipid should be 1 mL per minute for 30 minutes. If no
problems occur, the infusion rate may be increased up to 100 mL per hour.
Serum triglyceride and cholesterol levels should be determined before and
4 hours after the onset of the infusion to document the utilization of the lipid.

D. TPN nutrient composition is determined by the extent of the patient’s ability to

utilize lipid as an energy source. The TPN solution in a septic or injured patient

should provide an energy—nitrogen ratio of 80 to 200 kcal/g of energy to 13 to

32 kcal/g of protein. An energy—protein ratio of 24 kcal/g of energy to 150 kcal/g

of nitrogen may be ideal in hospitalized patients.

E. Maintenance fluid requirements

. First 10 kg of body weight = 1,000 mL.

. Next 10 kg of body weight = 500 mL.

. Each kilogram of body weight thereafter = 20 mL.

. In critically ill patients who are receiving TPN, close attention must be given to
the patient’s volume status. Strict monitoring of the intake, output, daily weight,
and hemodynamic status is essential. In most patients, total fluid intake may
be calculated as equal to output plus 500 to 800 mL per day to cover the
insensible losses. This additional amount may not be necessary in patients on
ventilation.

HON

HON=
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VI.

VII.

EXAMPLES OF CALCULATIONS FOR TPN IN DISEASE STATES
A. Sepsis
1. Calories = BEE
2. Provide 50% of calories as fat and 50% of calories as CHO. Maximum glucose
utilization rate = 4 mg/kg per minute or 25 kcal/kg per 24 hours
3. Protein. 100 to 150:1 = calorie—nitrogen ratio
4. 2 g protein/kg of ideal body weight
B. Respiratory failure
1. Calories = 1.5 X BEE
2. Provide 50% of calories as fat and 50% as CHO
3. Maximum glucose utilization rate = 4 mg/kg per minute or 25 kcal/kg per
24 hours
4. Protein. 100 to 150:1 = calorie-nitrogen ratio
5. 1.5 to 2.0 g protein/kg of ideal body weight
C. Renal failure
1. Calories: maintenance to anabolic as needed
2. Protein
a. Without dialysis, 20 to 60 g per day depending on blood urea nitrogen,
creatinine, and body weight
b. With dialysis, 701 g per day depending on blood urea nitrogen, creatinine,
and body weight
c. 1.0 to 1.2 g protein/kg of ideal body weight can be provided as
i. AA solution
ii. Solution containing essential AAs (e.g., Nephramine)
D. Hepatic failure
1. Calories = 1.5 X BEE (maintenance requirements)
2. Provide 50% or more of calories as fat and 50% or less as CHO.
3. Protein can be provided as
a. Standard AA solution
b. AA solution containing branched-chain AAs (e.g., Hepatamine) at 701 g of
protein per day

EXAMPLE. Patient is a 30-year-old woman with Crohn’s disease who has an ileocolic
fistula and requires TPN prior to surgery: weight (W) = 50 kg (110 lbs), height (H) =
166.4 cm (5 ft 1/2 in.)
A. Energy requirements per day
1. BEE = 655 + (9.6 X W) + (1.7 X H) — (4.7 X age)
For this patient:
BEE = 655 + (9.6 X 50) + (1.7 X 166.4) — (4.7 X 30) = 1,300 kcal per day
2. Parenteral anabolic requirements = 1.8 X BEE
= 1.8 X 1,300 kcal per day
= 2,300 kcal per day
B. Protein requirements per day
1. Ideal kcal per nitrogen ratio = 150:1
2. 1 gnitrogen = 6.25 g of protein

3. Protein (g) = 6.25 X energy requirement per day
150

4. This patient needs

Protein (g) = 6.25 X 2,300 kcal per day
150

=100g

5. To provide 100 g of protein per day, 1,000 mL of 10% aminosyn solution is needed.
C. Fluid requirements per day

1,000 + 500 + 20 (30) = 2,100 mL per day
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D. Maximum fat allowance per day

2.5 X 50 X 9 = 1,125 kcal per day

For this patient, this is approximately 50% of the total daily calories.
E. Final TPN solution per day

1. Solution Volume (mL) Kcal
10% AA 1,000 0!
50% dextrose 1,000 1,700%
20% lipid 300 600
Total 2,300 2,300

2. If more of the calories are to be given as fat, then use
Solution Volume (mL) Kcal
10% AA 1,000 0!
50% dextrose 700 1,2002%
20% lipid 550 1,100
Distilled water 50 0
Total 2,300 2,300

8. As can be seen in 1 and 2, the volume of CHO and lipid solutions can be
manipulated, and other permutations can be worked out to achieve the total
number of calories and total volume of fluid.

4. When the fluid volume needs to be restricted, as in patients with heart failure
or renal insufficiency, more concentrated solutions, for example, 70% dex-
trose, 11.4% AA, and 20% lipid, may be used.

5. Distilled water can be added to the final solution to bring the volume to the
desired amount.

VIIl. ADDITIVES. The basic TPN solution does not contain electrolytes, trace elements, or
vitamins. The electrolyte additives to TPN must be individualized to prevent fluid
and electrolyte abnormalities.

A. Electrolytes (Table 12-2)

1. Sodium (Na), the principal extracellular cation, must be administered in suffi-
cient quantities to provide for maintenance needs and to replace any existing
deficits or ongoing losses. The quantity of Na added to TPN is determined by the
patient’s extracellular fluid volume status and serum Na concentration. Patients

I IR PE-R  Electrolytes

Additives Usual daily requirements
Sodium chloride ] 60-200 mEqg Na
Sodium acetate
Potassium chloride ] 50-150 mEq K
Potassium acetate
Sodium phosphate } 50-150 mM PO,
Potassium phosphate
Magnesium sulfate 8-24 mEq Mg
Calcium gluconate 8-32 mEq Ca

Na, sodium; K, potassium; Mg, magnesium; Ca, calcium.

I Calories from AAs are not used in calculation for energy.
2 See section V.A for calculation of CHO calories from dextrose solutions.
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with hyponatremia should receive larger quantities of Na to limit free water
administration (e.g., 75 to 120 mEq/L of TPN), whereas patients with hyperna-
tremia or extracellular fluid excess require less Na (e.g., 30 mEg/L of TPN). Na
may be administered as the chloride, phosphate, acetate, or bicarbonate salt.

. Chloride (Cl), the predominant extracellular cation, is given as sodium and potas-

sium salts. Chloride excess in TPN may cause hyperchloremic metabolic acidosis.

. Acetate is metabolized to bicarbonate in the body and should be included in

the TPN solution to counteract acidosis at doses of 50 to 120 mEq per day.

. Potassium (K) is the major intracellular cation. It is needed in large amounts

during anabolism. Hypokalemia readily develops in patients receiving TPN. K
is lost with diuresis resulting from hyperglycemia induced by TPN. Increased
plasma insulin concentration during TPN is associated with activation of the
Na-K-ATPase pump, resulting in the shift of K from the extracellular space to
the intracellular space. Beta-adrenergic stimulation and administration of vaso-
pressors and inotropic agents also activate the Na-K-ATPase pump and may
lead to clinically significant hypokalemia mediated by transcellular shifts of K.

Patients with a normal plasma potassium level when TPN is initiated may
receive 20 to 30 mEq of K per liter of TPN initially. Subsequent changes should
be made according to the serum K level. K may be administered as the Cl or the
phosphate salt depending on the serum phosphate concentration.

. Magnesium (Mg) deficiency may occur in patients with history of alcoholism,

malabsorption, malnutrition, or parathyroid disease and due to magnesia urea
accompanying aminoglycoside therapy. During TPN, Mg is incorporated into
newly synthesized muscle tissue and bone stores. It should be provided in the
TPN solutions with special attention to the patient’s renal status since Mg is
excreted by the kidneys. Patients with mild hypomagnesemia with serum Mg
levels of 1.2 to 1.8 mEq/L should receive 2.5 to 5.0 mEq (1-2 mL) of a 50%
solution of Mg sulfate in each liter of TPN. More severe Mg deficiency needs
additional intravenous (IV) supplementation.

. Phosphate is a component of nucleic acids, phosphoproteins, and lipids and is

needed to form high energy bonds and 2,3-diphosphoglycerate in red blood
cells and for bone metabolism. Hypophosphatemia and total body phosphate
depletion often complicate stress-starvation and refeeding states. The hyperme-
tabolism seen in sepsis and injury results in skeletal muscle catabolism and
depletion of intracellular phosphate stores. Hypophosphatemia may be exacer-
bated during TPN, with glucose infusions resulting in shifts of phosphate from
extra- to intracellular space, similar to that seen with K.

Phosphate should be included in the daily TPN orders. A reasonable ini-
tial dose of phosphate for septic or injured patients receiving TPN is 15 to 30
mmol per day. Phosphate may be administered as either an Na or a K salt
depending on the serum K concentration.

. Calcium (Ca), like magnesium, should be provided daily. Hypercatabolic states

(e.g., sepsis or injury) may be associated with increased excretion of Ca.
Mobilization of Ca from bone results in reductions in total body Ca. Vitamin
D deficiency also leads to Ca deficiency. Because Mg is required for the secre-
tion and end-organ effect of parathyroid hormone, hypocalcemia may result
from hypomagnesemia. Approximately 50% to 60% of serum Ca is bound to
albumin. In hypoalbuminemic patients, serum Ca concentrations may be falsely
low. To adjust the measured serum Ca for hypoalbuminemia, the following for-
mula may be used:

Serum Ca + 4.0 — serum albumin (0.8 g/dL) = corrected serum Ca

Patients with corrected low serum Ca levels should receive 5 mEq of Ca as
the gluconate or the gluceptate salt in each liter of TPN solution.

. Buffers. Metabolic acidosis may develop during TPN therapy. The oxidation

of cationic and sulfur-containing AAs results in the production of hydrogen
ions. When serum bicarbonate or total carbon dioxide binding capacity falls
below 20 mEq/L, a portion of the Na in the TPN solution (e.g., 25-30 mEq/L)
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may be administered as acetate. Acetate is metabolized by the liver to yield
bicarbonate. In patients with hepatic dysfunction, sodium bicarbonate (e.g.,
25-50 mEq/L) may be used to correct the metabolic acidosis.

. Vitamins. Water-soluble forms of vitamins A, D, and E along with vitamin C, B

vitamins, biotin, folate, and B, (packaged as multivitamins-12) § mL should be
added daily in amounts exceeding the recommended daily allowances to the TPN
solutions. Vitamin K 10 to 25 mg weekly is given intramuscularly separately and
should not be given to patients receiving anticoagulants. Patients requiring
hemodialysis should receive 1 mg/dL of folic acid, because folic acid is removed by
dialysis.

. Trace elements. Chromium, manganese, copper, selenium, and zinc are needed

daily and should be added to the TPN solution as trace elements (3—5 mL). Some
authors advocate the administration of a unit of plasma every 3 to 4 weeks to pro-
vide undefined cofactors.

. Heparin. Use of heparin, 1,000 U/L of TPN solution, has been shown to enhance

vein and line patency and is recommended.

. Albumin. In states of severe protein depletion (serum albumin <2.0 g/dL), the

administration of salt-poor albumin may be helpful.

. Regular insulin in crystalline form may be added to the TPN solution to cover

patients with persistent hyperglycemia or glycosuria. It is generally not needed as
an additive in the average patient.

Hyperglycemia may develop during TPN therapy even in previously nondia-
betic patients. The serum glucose concentrations should be maintained at 100 to
200 mg/dL. When a patient has hyperglycemia greater than 200 mg/dL, regular
human insulin should be added to the TPN solution in an initial dose of 5 to
10 U/L. The rate of TPN administration should not be altered to treat the
hyperglycemia; rather, the hyperglycemia should be controlled with either IV or
subcutaneous regular insulin, using a sliding scale based on the serum glucose
concentration. Regular insulin may be administered IV every 2 to 3 hours. An
example of a sliding scale is as follows:

Serum Glucose Level Regular Insulin
200 to 300 mg/dL 2 to 3 units

300 to 400 mg/dL 3 to 5 units

400 + mg/dL 5 to 10 units

If hyperglycemia cannot be controlled by intermittent IV insulin, insulin may
be infused continuously to control the patient’s serum glucose level. One adds 250
units of insulin to 250 mL of normal saline; infusion may be started at a rate of
3 units per hour and adjusted according to the patient’s serum glucose concentra-
tion. The regular insulin dose may be increased once each day until the serum glu-
cose stabilizes at 100 to 200 mg/dL. The increase in insulin dose may be calculated
as one half the IV dose of the previous 24 hours.

IX. INITIATING, TAPERING, AND DISCONTINUING TPN SOLUTION

A.

The initiation of TPN therapy should be done gradually according to the patient’s
glucose tolerance and individual requirements. On the first day, 1,000 mL may be
given, then 2,000 mL the second day, and 3,000 mL or more the third day.

. When stopping TPN solutions, it is recommended the solution be tapered over

48 hours. However, TPN solutions can be reduced to a drip rate of 50 mL per
hour. After 30 to 60 minutes at this rate, the solution can be discontinued. Rarely,
a patient may experience hypoglycemia.

. TPN solutions are commonly infused at a continuous rate evenly over 24 hours. If

infusion falls behind, it should not be caught up rapidly. This may cause glyco-
suria and diuresis. It is usually possible to increase the drip rate by 10% to 20%
in catch-up situations.

Example: A 52-year-old man is admitted to the intensive care unit with ileus and
multilobar pneumonia requiring ventilatory support. He has severe protein—calorie
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malnutrition with a total lymphocyte count of 800 and a serum albumin level
of 1.8 g/dL. His serum chemistries are:

Na: 133 mEq/L  Cl: 96 mEg/L  Creatinine: 1.1 mg/dL
K: 3.4 mEq/L HCO;7: 19 mEg/L  BUN: 13
W: 80 kg H: 180 cm  Age (A): 52 years

BEE = 66 + (13.7 X W) + (5 X H) - (6.8 X A)
66 + (13.7 X 80) + (5 X 180) — (6.8 X 52) years
1,708 kcal

This patient has sepsis and requires mechanical ventilation. REE should exceed
BEE by 30%.

REE = BEE X 1.3
= 1,708 X 1.3 — 2,221 keal

Minimal protein requirement = 1.0 to 1.5 kg per day

TPN Solution

1LAA10% 100 g protein (16 g nitrogen)
1L 50% D/'W 500 g dextrose 175 kcal

500 mL 10% Intralipid 550 keal

Total keal per day 2,300 kcal

This formula provides 44.2 kcal/kg (76 % glucose, 24 % lipid)

Energy-nitrogen ratio = 144 kcal/g nitrogen
= 23 kcal/g, protein

Electrolytes to be added to each liter of TPN:

Sodium chloride (NaCl): 50 mEq
Potassium chloride (KCI): 20 mEq
Magnesium sulfate (MgSO,): 5 mEq
Na acetate: 25 mEq KPO,: 10 mEq

Administration Orders

Day 1 (infuse over 24 hours)

AA 10% 500 mL
50% DIW 500 mL
Electrolytes (as above)

Multivitamins S mL
Trace elements S mL
Lipid emulsion 10% 500 mL
Day 2 (infuse over 24 hours)

AA 10% 1,000 mL
50% D/I'W 1,000 mL
Electrolytes (as above)

Multivitamins 5 mL
Trace elements S mL
Lipid emulsion 10% 500 mL

X. MONITORING OF THE PATIENT ON TPN

A.

Monitor patient’s intake and output.

B. Obtain baseline weight and height. Check weight daily at the same time of day.
C.
D

Check vital signs every 4 hours. If the temperature exceeds 38°C, the physician
should be notified.

. Laboratory evaluation. Obtain baseline laboratory values for 24-hour urine for

creatinine and urea nitrogen, serum chemistries (SMA-12), electrolytes, magnesium,
transferrin, triglycerides, complete blood count with differential, and platelet count.
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After the TPN is initiated, the concentrations of serum electrolytes and phosphorus
should be determined twice a day until daily requirements are ascertained. Serum
glucose concentration should be measured every 4 to 6 hours. Serum Ca, Mg,
creatinine, and blood urea nitrogen (BUN) should be determined daily. When the
patient is stabilized on TPN, serum electrolytes, creatinine, and BUN should be
measured every other day. Ca and Mg levels may be measured twice weekly. Serum
transaminase, alkaline phosphate, and bilirubin levels should be measured weekly
to facilitate early diagnosis of hepatic steatosis.

To determine the efficacy of TPN therapy, the total lymphocyte count and
serum albumin and transferrin levels should be measured on a weekly basis. The
optimal method for assessing the adequacy of TPN is through nitrogen balance
studies. A 24-hour urine sample is collected for the urea and creatinine determina-
tions. To calculate a patient’s nitrogen balance see section IILE.

If lipids are given in addition to the TPN on a daily basis, serum triglyceride lev-
els should be measured daily for several days to document that the lipid load is not
exceeding the patient’s metabolic capabilities. Serum triglyceride concentrations may
be measured weekly when patients are on a stable TPN regimen.

XI. COMPLICATIONS OF TPN

A.

Hyperglycemia. Patients with overt or latent diabetes, liver disease, or acute or
chronic pancreatitis are at risk of development of hyperglycemia and glycosuria.
This may result in hyperosmolar nonketotic coma and dehydration. Slow infu-
sions of TPN initially with frequent glucose determinations should minimize this
complication.

. Hypoglycemia. Abrupt cessation of TPN may precipitate this condition. Peripheral

10% glucose should be given for treatment.

. Hypo- and hyperkalemia, calcemia, magnesemia, and phosphatemia should

be avoided by administration of adequate amounts of these minerals with regular
measurement of serum values.

. Azotemia. The delivery of a high nitrogen load may lead to a modest elevation of

the blood urea nitrogen. Dehydration and prerenal states should be avoided.

. Acute thiamine deficiency may complicate TPN in patients with chronic alcohol

abuse, sepsis, or injury who are not receiving multivitamins in the TPN solution.
Acute thiamine deficiency is characterized by severe lactic acidosis refractory to
bicarbonate therapy, high output, cardiac failure, confusion, and hypotension. The
lactic acidosis responds only to thiamine infusions.

. Adverse reactions to lipid infusions. Long-term adverse reactions to a lipid infu-

sion, especially if it exceeds 2.5 g/kg per day, include lipid accumulation in the
lungs, decreasing oxygen diffusing capacity, and in the liver, impairment of biliary
tunction. Fat infusions greater than 4 g/kg per day may lead to a bleeding diathe-
sis (fat-overload syndrome). Thrombocytopenia, platelet dysfunction, and bleeding
tendency are reversible with reduction of the infusion rate.

. Acute fatty infiltration of the liver or hepatic steatosis may complicate TPN

with glucose-predominant regimens. The glucose in such formulations is converted
by the hepatocytes to fat and deposited in the liver parenchyma. Patients with
hepatic steatosis exhibit cholestatic jaundice with elevations of serum alkaline
phosphatase and bilirubin levels. Lipid-predominant or mixed lipid-glucose for-
mulations rarely lead to hepatic steatosis.

Calculous and acalculous cholecystitis occurs in approximately 45% of
patients undergoing long-term TPN. Impaired biliary motor function, stasis, sludge
formation, and stones contribute to the pathogenesis. This complication is more
prevalent in patients with hematologic malignancies.

. Taurine deficiency. Parenteral solutions do not contain this nonessential AA.

Reduced taurine levels may be found in children and adults on long-term home
TPN. Taurine deficiency causes retinal dysfunction, and its addition to TPN solu-
tions reverses this condition.

. Carnitine deficiency. Carnitine may be required during metabolic response to

injury. It is required for fatty acid oxidation in skeletal and cardiac muscles. In



72

Part IlI: Nutritional Assessment and Management

Xil.

deficiency states, hyperbilirubinemia, generalized muscle weakness, and reactive
hypoglycemia have been reported. Red cell carnitine and plasma carnitine should
be measured.

Biotin deficiency. Hair loss, eczematous dermatitis, waxy pallor of skin, lethargy,
depression, and anemia has been reported with biotin deficiency in patients on
long-term TPN.

. Selenium deficiency. A dilated cardiomyopathy associated with diffuse focal

myocardial necrosis and conduction defects has been reported due to deficiency of
selenium. Gastrointestinal fluid losses enhance selenium losses.

. Respiratory complications. Protein—calorie malnutrition may be associated with

respiratory muscle failure. Ventilator-dependent patients are more likely to be
weaned successfully from ventilators after nutritional deficits are corrected.

AA infusions may increase ventilatory responsiveness to carbon dioxide.
High-glucose TPN regimens are associated with an increased respiratory quotient
and carbon dioxide production. These patients should receive TPN regimens that
contain a larger fraction of lipid as energy substrate because lipid has a lower res-
piratory quotient than glucose and results in less carbon dioxide production.

. Protein-calorie mismatch. Most TPN regimens provide an energy-nitrogen ratio

of 80 to 200 kcal/g of nitrogen or 13 to 32 kcal/g of protein. If inadequate energy
source in the form of glucose or lipid is administered, the patient utilizes AAs as an
energy source. The metabolism of the AAs results in progressive increases in BUN
levels out of proportion to creatinine levels. Protein—calorie mismatch may occur
in patients with burns, severe hypermetabolism, or renal failure. This complication
is managed by increasing the energy-nitrogen ratio either by reducing the
administered amount of AA or increasing the level of nonprotein energy substrate.

. Catheter infection. Sepsis occurs in fewer than 5% of all patients undergoing

TPN. The incidence is clearly related to the catheter, dressings, and solutions.
Catheter sepsis should be suspected whenever there is unexplained fever and leuko-
cytosis in the absence of other sources. Blood, urine, sputum, and wound cultures
should be obtained. The TPN bottle and tubing should be changed and cultured
with each fever spike. A blood culture should be drawn through the TPN catheter.
The catheter should be removed and the tip cultured if the blood culture is posi-
tive. The catheter should not be reinserted for 24 to 48 hours to allow the blood-
stream to clear. Dextrose 10% should be administered peripherally during this
time. Treatment involves coverage of the patient for the causative organism with
intravenous antimicrobials.

PERIPHERAL PARENTERAL NUTRITION

A.

Indications. PPN can be used for

1. Patients in whom a central line is precluded.

2. Patients in whom short-term nutritional support is important (e.g., selected pre-
and postoperative patients).

3. Patients who are eating but not getting sufficient calories.

. Advantages of PPN

1. Placement of a peripheral intravenous line is safer than the placement of a cen-
tral line.

2. Infection control at infusion site is easier.

3. Nursing care is less complicated.

4. The complications of hyperosmolar glucose are avoided.

. Disadvantages of PPN

1. Hyperosmolar solutions cannot be used in PPN because they irritate the periph-
eral veins and cause thrombophlebitis.

2. The volume of solution required to deliver an adequate number of calories may
be too high, thus limiting the number of calories given.

3. The number of calories that can be given may be inadequate for long-term
anabolism.

. PPN solutions. A mixture of dextrose and AA solutions is used. A major portion

of nonprotein calories can be provided by the use of lipid emulsions. Peripheral
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vein tolerance for osmolality is about 800 mOsm/L. The osmolality of a solution
can be calculated as follows:

Osm (mOsm/L) = 10 X protein (g) + 6 X CHO (g)
+ (0.3 X mL 20% Intralipid) total fluid (liter)

E. Example. For the patient receiving the TPN solution described in section VILE
1. The osmolality of the TPN solution can be calculated as follows:
Protein = 100 g, CHO = 1,700 kcal = 500 g3
Osm (mOsm/L)
2.3
This solution is too hyperosmolar to be used in PPN.
2. The osmolality can be decreased by increasing the total volume of the solu-

tion. Because 800 mOsm/L is the desired osmolality, we can solve for total
volume needed to give osmolality of 800 mOsm/L.

800 = 10(100) + 6(353) + 0.3(550)

total fluid volume in liter

—10(100) + 6(353) + 0.3(550) = 1,427

Total volume = 4 L

3. Most patients cannot tolerate such high volumes of IV fluids; thus PPN can
only deliver maintenance amounts of calories.
4. For this patient the maintenance energy requirement is

BEE X 1.5 = 1.5 X 1,300 = 1,900 kcal per day
5. The maintenance protein requirement is

Protein = 6.25 X 1,900 = 80 g per day
150

6. Maximum fat allowance 1,125 kcal per day
7. Final PPN solution per day:

Solution Volume (mL) Kcal
10% AA 800 —
50% dextrose 4703 800
20% Intralipid 550 1,100
Total 1,820 1,900

8. Total volume to allow 800 mOsm/L

10(80) + 6(235) + 0.3(550)
800

9. To bring the total volume of PPN solution to 3 L, we need to add 1,180 mL
of distilled water.
10. Adequate electrolytes, vitamins, and trace elements as in TPN are added to the
final solution if the patient is not receiving these nutrients enterally.
In many instances, if the PPN is to be administered for a short time a
more simplified PPN solution may be made from:

=3L

Solution Volume (mL) Kcal Amount (g) Osmolality (mOsm/L)
8.5 % AA 1,000 340 85 850
10% Dextrose 1,000 340 100 508
10% Lipid 500 550 50 260
Total 2,500 1,230 235 595

F. Method of administration. The protein and CHO solution may be given simulta-
neously with the lipid emulsion. The infusion sets are connected by a Y-connector

3 CH
< 304 (e) = kcal (see section V.A).
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that delivers the lipid emulsion to the vein in a piggybacked fashion. This method
seems to “soothe” the vein and decrease the incidence of phlebitis. In most medical
centers, the PPN solutions contain the lipid, CHO, and protein solutions mixed
together into an emulsion. This eliminates the need for piggybacking of the lipid
emulsion. The management and monitoring of patients receiving PPN are the same
as for those receiving TPN, and the same meticulous care and team approach are
necessary to give the best results.
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THE ACUTE ABDOMEN

Zhe term acute abdomen evokes an image of a patient suffering from sudden, severe
abdominal pain, perhaps accompanied by vomiting, attentively surrounded by physicians
and surgeons who are earnestly deciding whether to take the patient to the operating room.
Indeed, many instances of acute abdomen are surgical emergencies. However, the differen-
tial diagnosis is extensive, and the management of an acute abdomen varies according to
the diagnosis.

I. DIFFERENTIAL DIAGNOSIS. The differential diagnosis in a patient with an acute
abdomen may be broad or narrow, depending on the clinical signs and symptoms. For
example, a 12-year-old boy whose generalized abdominal pain has intensified and
become localized to the right lower quadrant very likely has acute appendicitis, but
acute Crohn’s disease and mesenteric lymphadenitis must also be considered. On the
other hand, severe midabdominal pain in a 65-year-old man with ascites may indicate
spontaneous bacterial peritonitis, intestinal ischemia, a perforated ulcer, or a leaking
aortic aneurysm, among other possibilities.

A partial list of the diagnostic considerations for an acute abdomen is found in
Table 13-1.

CLINICAL PRESENTATION
A. History
1. Pain

a. Types. Abdominal pain is an invariable feature of an acute abdomen and
presents as one or a combination of three types.

i. Visceral pain develops from stretching or distending of an abdominal
viscus or from inflammation. The pain is diffuse and poorly localized. It
generally has a gnawing, burning, or cramping quality.

ii. Somatic pain arises from the abdominal wall, the parietal peritoneum,
the root of the mesentery, or the diaphragm. It is more intense and bet-
ter localized than visceral pain.

iii. Referred pain is felt at a site distant from the source of the pain but
shares the same dermatome or neurosegment. Referred pain is usually
sharp and well localized; thus, it resembles somatic pain.

b. The onset of pain may be instantaneous, or the pain may develop over min-
utes or even hours. Sudden severe pain characterizes such events as a perforated
ulcer, a ruptured viscus, a ruptured ectopic pregnancy, a spontaneous pneu-
mothorax, or a dissecting aortic aneurysm. On the other hand, more gradual
development of pain is typical of acute pancreatitis, acute cholecystitis, intesti-
nal obstruction, bowel perforation, diverticulitis, and intraabdominal abscess.

2. Vomiting usually accompanies an acute abdomen to a variable degree. A clinical
rule is that pain precedes vomiting in disorders requiring surgical treatment,
whereas vomiting precedes pain in medically treated disorders. Vomiting can be
persistent, as with intestinal obstruction. Long-standing obstruction may result in
feculent vomiting due to the proximal growth of colonic bacterial flora. Vomiting
of bloody material suggests that the bleeding lesion is above the ligament of Treitz.

3. Other historical aspects. A history of a known disorder, such as pancreatitis
or peptic ulcer, makes that diagnosis more likely as the cause of the current
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I Diagnostic Considerations in the Acute Abdomen*

Ruptured or perforated viscus
Spontaneous pneumothorax
Ruptured esophagus (Boerhaave’s syndrome)
Ruptured stomach (usually due to trauma)
Perforated peptic ulcer
Ruptured diverticulum (Meckel’s, colonic)
Ruptured spleen
Ruptured ectopic pregnancy
Ruptured or dissecting aortic aneurysm
Ruptured cyst or tumor

Obstruction of a viscus

Intraluminal obstruction of gastrointestinal tract (e.g., peptic stricture, neoplasm,
gallstone ileus)

Intraabdominal adhesions

Intussusception

Intestinal volvulus

Strangulation or torsion of a hernia

Gallstone obstruction of cystic duct (cholecystitis) or common duct

Ureteral stone

Ischemia
Mesenteric infraction
Pulmonary embolus
Myocardial infarction

Inflammation

Appendicitis

Cholecystitis

Pancreatitis

Penetrating ulcer into pancreas

Diverticulitis

Mesenteric lymphadenitis

Abdominal abscess

Cystitis or pyelitis

Pelvic inflammatory disease

Regional enteritis

Toxic megacolon (usually due to ulcerative colitis)
Peritonitis

Spontaneous bacterial peritonitis (in presence of ascites)

Secondary to perforated viscus (e.g., ulcer, diverticulum)

Secondary to inflammatory condition (e.g., cholecystitis, pancreatitis, pelvic inflammatory

disease, toxic megacolon)

Systemic disorders
Narcotic withdrawal
Heavy-metal poisoning
Collagen-vascular disease
Acute porphyria
Familial Mediterranean fever
Hereditary angiodema

* Some diagnoses may fall into more than one category. For example, cholecystitis is an inflammatory
condition of the gallbladder, but it usually develops as a result of obstruction of the cystic duct by a
gallstone.
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event. If the patient has had abdominal surgery, intraabdominal adhesions

become a consideration. Alcohol abuse may suggest pancreatitis or gallstone

disease.
B. Physical examination

1. Vital signs. Temperature elevation suggests sepsis from intraabdominal inflam-
mation and infection. Tachycardia typically accompanies an acute abdomen.
Blood pressure may also be elevated, although hypotension and shock may
develop in patients with a perforated viscus or severe sepsis.

2. Inspection
a. Patient position. A patient with peritonitis is likely to lie quietly with knees

flexed. A patient with acute pancreatitis finds it uncomfortable to lie on the
back and may assume the fetal position. A patient with colicky pain typi-
cally cannot lie still.

b. The abdomen may be distended due to ascites or intestinal obstruction. In
thin patients with complete obstruction, hyperperistalsis may be visible on the
abdominal wall. Ecchymosis in the flanks (Grey Turner’s sign) or around the
umbilicus (Cullen’s sign) may indicate hemorrhagic pancreatitis or a ruptured
ectopic pregnancy.

3. Auscultation. Peristalsis is increased in partial or complete bowel obstruction;
typically there are rushes and high-pitched sounds. Hypo- or aperistalsis develops
in intestinal ileus from a variety of causes, including peritonitis, electrolyte imbal-
ance, severe inflammation (e.g., toxic megacolon, pancreatitis), and long-standing
intestinal obstruction.

The examiner should listen for vascular bruits and friction rubs. The for-
mer may suggest an aneurysm, whereas the latter can develop after rupture of
the spleen or rupture of a lesion of the liver.

4. Percussion. Tympany typically is present in the distended abdomen of intesti-
nal obstruction or toxic megacolon. Percussion can help in outlining the liver
and may indicate enlargement of other organs.

5. Palpation
a. Patients with an acute abdomen typically have abdominal tenderness. If

peritonitis is present, either localized or generalized, there may be guarding
and rigidity. Localized tenderness may provide a clue to the diagnosis.
Rebound tenderness should be elicited by gently depressing the abdominal
wall with one or two fingers, then quickly releasing the pressure. Sharp pain
on release of the pressure indicates peritoneal inflammation. Because this
maneuver often is so uncomfortable to the patient, it should not be repeated
indiscriminately by subsequent examiners.

One should remember that the signs of peritonitis may be blunted in
elderly or severely ill patients. Thus, presence of little or no tenderness does
not exclude peritonitis in these patients.

b. Gentle palpation also may identify organ enlargement or mass lesions. An
expansile, midabdominal mass may indicate an aortic aneurysm. Patients with
acute Crohn’s disease often have a tender mass in the right lower quadrant.

6. Rectal and pelvic examinations. Examination of the rectum and pelvis may
provide valuable information about the pelvic organs and perirectal tissues.
Tumors, inflammatory masses, abscesses, and pelvic inflammatory disease may
be evident.

Ill. EVALUATION AND MANAGEMENT OF THE PATIENT

A. Laboratory studies. Laboratory examination of blood and urine may help in estab-

lishing a diagnosis and managing the patient with an acute abdomen (Table 13-2).
1. Complete blood count. White blood cell count (WBC) is usually elevated in
patients with an acute abdomen, particularly in inflammatory and infectious
conditions. WBC may be depressed in severe sepsis, in viremia, and in associa-
tion with immunosuppressive therapy. A low hematocrit and hemoglobin count
may reflect chronic anemia or may result from recent bleeding or rupture of a
blood-filled viscus. Thrombocytopenia may contribute to abdominal bleeding or
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Laboratory and Radiologic Studies in the Evaluation
of the Acute Abdomen

Blood studies
Complete blood count
Electrolytes
Calcium and magnesium
Amylase
Bilirubin, SGOT, SGPT, alkaline phosphatase
Avrterial blood gases
Urinalysis
Electrocardiogram
Chest x-ray films
Abdominal x-ray films (flat and upright or decubitus)
Additional studies that may be indicated
Ultrasound scan
CT scan
HIDA scan
Intravenous pyelogram
Diagnostic paracentesis

SGOT, serum glutamic-oxaloacetic transaminase; SGPT, serum glutamic-pyruvic transaminase;
CT, computed tomography; HIDA, hepatoiminodiacetic acid.

6.

7.

result from sepsis. Either thrombocytosis or thrombocytopenia can be associ-
ated with a malignancy.

. Serum electrolytes (sodium, potassium, chloride, bicarbonate) and calcium

and magnesium levels should be determined periodically because of the fluid
and electrolyte shifts that may occur in patients with an acute abdomen.

. Arterial blood gases also are important to monitor in acutely ill patients.
. Serum amylase level may be elevated in acute pancreatitis and in bowel

obstruction and ischemic bowel disease. Other conditions causing hyperamy-
lasemia that are not associated with an acute abdomen include salivary gland
disease, renal insufficiency, and the benign condition macroamylasemia.

. Elevations in serum bilirubin, aspartate aminotransferase (AST; or serum

glutamic-oxaloacetic transaminase, SGOT), alanine aminotransferase
(ALT; or serum glutamic-pyruvic transaminase, SGPT), and alkaline phos-
phatase levels may indicate liver or biliary disease. Elevations in alkaline phos-
phatase in particular may be an early indicator of obstruction of the biliary tract,
either within the liver or in the extrahepatic bile ducts.

Urinalysis may indicate pyuria caused by acute pyelonephritis or hematuria
due to a renal stone.

An electrocardiogram should be performed in all patients to establish a base-
line tracing and to look for acute changes of myocardial injury.

B. Radiologic studies (Table 13-2; see also Chapter 9)

1.

The chest x-ray should not be omitted. Pneumonia, pulmonary embolus, sub-
diaphragmatic free air, or a widened mediastinum of a dissecting aneurysm
may be evident. Plain films of the abdomen, supine and erect or decubitus may
indicate air-fluid levels, free intraabdominal air, or calcification. Loops of bowel
may be displaced by an abscess or other mass. Marked dilatation of the bowel
may indicate obstruction or toxic megacolon.

. Ultrasound scan, computed tomography scan, HIDA scan, and intra-

venous pyelography may give additional valuable information. (See Chapter 9
for full descriptions of these studies.)
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C. Diagnostic paracentesis. In some patients with an acute abdomen, withdrawal of
fluid already within the abdomen or withdrawal of instilled fluid is helpful in mak-
ing a diagnosis. Patients with infected ascites have an elevated ascitic WBC and
often have positive bacterial cultures. Fluid that contains blood suggests hemor-
rhage from a viscus, infarction, or hemorrhagic pancreatitis. An elevated amylase
level may be found in pancreatitis or bowel infarction.

The safest site for a closed (needle) paracentesis is in the midline about

2 cm below the umbilicus, where the abdominal wall is relatively avascular.

However, care should be taken not to puncture a distended urinary bladder. Also,

a midline abdominal wound from previous surgery precludes the use of this site.

An open paracentesis using a small paramedian incision and a dialysis catheter

may be safer and more accurate than a needle paracentesis.

D. Treatment includes measures that are applied to all patients plus specific therapies
that depend on the underlying cause.

1. The general approach to patients with an acute abdomen includes intra-
venous fluids, nothing by mouth, and in most instances nasogastric suction to
decompress the stomach and prevent additional air from entering the bowel. In
some patients, it may be necessary to pass an additional long tube to decom-
press the bowel. Careful attention to volume of fluid intake and urine output is
important. As previously indicated, serum electrolytes and arterial blood gases
should be monitored.

2. Specific treatment depends on the cause of the acute abdomen and is dis-
cussed in the appropriate subsequent chapters. (See particularly Chapter 37 for
management of toxic megacolon, Chapter 44 for management of intestinal
ischemia, Chapter 46 for management of severe pancreatitis, and Chapter 49 for
management of acute cholecystitis.) A major decision in the management of a
patient with an acute abdomen is whether the patient needs surgery. Patients
who have a ruptured viscus need prompt surgical intervention. Unresolved
ischemia, which has progressed or will progress to tissue necrosis as a result
either of vascular infarction or strangulation of a viscus, demands surgical treat-
ment. Some inflammatory conditions, such as acute appendicitis, necrotizing
pancreatitis, necrotizing cholecystitis, and toxic megacolon, which have not
responded to medical therapy within 24 to 48 hours, also require surgical atten-
tion. Finally, some acute conditions, such as acute cholecystitis or acute diverti-
culitis, resolve with medical management but may be treated subsequently under
elective conditions by surgery.

Selected Readings

Al-Salamah SM, et al. Role of ultrasonography, computed tomography and diagnostic
peritoneal lavage in abdominal blunt trauma. Saudi Med ]. 2002;23:1350-1355.

Brown TA, et al. Acute appendicitis in the setting of clostridium difficile colitis. Clin
Gastroenterol Hepatol. 2007;5(8):969-971.

Fry LC, et al. The yield of capsule endoscopy in patients with abdominal pain or diarrhea.
Endoscopy. 2006;38:498-502.

TIancelli A, et al. Therapeutic laparoscopy for blunt abdominal trauma with bowel injuries.
] Laparoendosc Adv Surg Tech A. 2003;13:189-191.

Khawaja FJ, et al. 86-year-old woman with abdominal pain and diarrhea. Mayo Clin Proc.
2007;82(4):487-489.

Knoll BM, et al. 56-year-old man with rash, abdominal pain and orthralgias. Mayo Clin
Proc. 2007;82(6):745-748.

Maglinte DD, et al. Current concepts in imaging on small bowel obstruction. Radiol Clin
North Am. 2003;41:263-283.

Ng B, et al. 49 year old woman with acute abdominal pain and nausea. Mayo Clin Proc.
2001;76:649.

Poulin EC, et al. Early laparoscopy to help diagnose acute non-specific abdominal pain.
Lancet. 2000;355:861.

Wolfe JM, et al. Analgesic administration to patients with acute abdomen: A survey of
emergency medicine physicians. Am | Emerg Med. 2000;18:250.



ACUTE GASTROINTESTINAL BLEEDING

cute gastrointestinal bleeding ranges in severity from a single, nearly inconsequen-
tial bleeding episode, perhaps resulting in vomiting of “coffee-ground” material or the
brief passage of red-colored stool, to massive hemorrhage and shock. Chronic or occult
gastrointestinal bleeding is discussed in Chapter 44.

Gastrointestinal bleeding is generally classified as either upper or lower in origin
(Table 14-1) simply because the source of bleeding is only rarely in the jejunum or ileum
and also because the presenting signs and symptoms frequently are characteristic of either
an upper or a lower gastrointestinal source. Regardless of the source, however, the princi-
ples of the initial management of all patients with acute gastrointestinal bleeding are gen-
erally the same (Table 14-2). Because patients vary in the severity of bleeding, the orderly
sequence of history taking, physical examination, diagnostic evaluation, and treatment
may have to be altered to meet the immediate demands.

I. INITIAL MANAGEMENT
A. History

1. Vomiting or passage of blood per rectum. The action of gastric acid on
blood quickly forms dark particles that resemble coffee grounds. Vomiting of
red blood (hematemesis) or of coffee-ground-appearing material usually signi-
fies a source of bleeding in the esophagus, stomach, or duodenum, but it can
result from swallowed blood from the respiratory tract. On the other hand,
passage of red- or maroon-colored stool per rectum (hematochezia) usually
indicates that the source is in the rectum, colon, or terminal ileum.

Diagnostic Considerations in Acute
Gastrointestinal Bleeding

Upper gastrointestinal bleeding

Lower gastrointestinal bleeding

Bleeding from nose or pharynx Hemorrhoids

Hemoptysis

Esophagogastric (Mallory-Weiss) mucosal tear

Esophageal rupture (Boerhaave’s syndrome)

Inflammation and erosions (esophagitis, gastritis,
duodenitis)

Peptic ulcer of esophagus, stomach, duodenum,
or surgical anastomosis

Dieulafoy’s lesion (ruptured mucosal artery)

Varices of esophagus, stomach, or duodenum

Neoplasm (carcinoma, lymphoma, leiomyoma,
leiomyosarcoma, polyps)

Hemobilia

Vascular-enteric fistula (usually from aortic
aneurysm or graft)

Anal fissure

Inflammatory bowel disease (proctitis
or colitis)

Neoplasm (carcinoma or polyps)

Diverticulosis

Ischemic enteritis or colitis

Angiodysplasia

Antibiotic-associated colitis

Radiation colitis

Amyloidosis

Meckel’s diverticulum

Vascular-enteric fistula

Brisk bleeding from an upper
gastrointestinal source
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Principles of the Initial Management of Acute
Gastrointestinal Bleeding

Perform in order determined by activity of bleeding
. History
. Vital signs, including postural signs
. Physical examination, including rectal examination
. Insertion of large-bore peripheral venous catheter and, if necessary, a central venous line
Withdrawal of blood for initial laboratory studies
. Administration of intravenous electrolyte solutions and blood
. Pass a nasogastric tube
A. If clear initially or clears promptly with lavage, remove
B. If bloody, leave in to monitor gastrointestinal bleeding and to provide access to the
gastrointestinal tract
. Survey for concomitant heart, lung, renal, liver, or central nervous system disease
. Consult a gastroenterologist, a surgeon, and, if indicated, a radiologist
. Make a diagnosis (see section Il and Figs. 14-1 and 14-2)
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However, an important exception is the upper gastrointestinal lesion that
bleeds profusely, such as a ruptured esophageal varix or an eroded vessel within
a peptic ulcer, in which a large volume of blood passes rapidly through the
intestines and appears as hematochezia. The passage of black stool (melena)
usually indicates a more moderate rate of bleeding from an upper gastroin-
testinal source, sometimes as little as 50 mL per day, although bleeding from
the terminal ileum or ascending colon can result in melena.

Age of patient. Advanced age worsens the prognosis of acutely bleeding
patients. The age of the patient also makes some diagnoses more or less likely,
particularly with regard to lower gastrointestinal bleeding. The differential
diagnosis of acute lower gastrointestinal bleeding in people over age 60 includes
ischemic colitis, carcinoma of the colon, arteriovenous malformation, and
diverticulosis, whereas none of these is a serious consideration in a 25-year-old.
On the other hand, bleeding from inflammatory bowel disease or a Meckel’s
diverticulum is more likely in a child or young adult.

Ingestion of gastric mucosal irritants. The recent ingestion of aspirin, other
nonsteroidal antiinflammatory drugs, or alcohol raises the possibility that ero-
sive gastritis or other mucosal injury has developed. Aspirin not only causes
direct mucosal injury, but also interferes with platelet adhesion; thus, bleeding
lesions in patients who take aspirin are less likely to clot.

Associated medical conditions. The number of associated medical conditions
directly increases the risk of mortality in acute gastrointestinal bleeding. Mortality
in patients with no accompanying medical conditions is about 1%, whereas the
risk of dying in patients with four or more associated illnesses is more than 70%.

Patients with liver disease are at risk to develop esophageal varices, which
could bleed. Although acute upper gastrointestinal bleeding in patients known
to have esophageal varices is most likely caused by the varices, other sources
must be considered.

Previous abdominal or pelvic irradiation raises the possibility that lower gas-
trointestinal bleeding is caused by radiation enteritis or colitis. Gastrointestinal
bleeding may develop from the acute effects of irradiation on the gut, or bleeding
may occur months to years later. The latter situation represents a form of ischemic
colitis that is accelerated by the perivascular inflammation that results from the
effects of irradiation.

Knowledge of serious cardiovascular, pulmonary, liver, renal, or neurologic
disease may be valuable in guiding medical and, if necessary, surgical decisions
during subsequent treatment of the patient.
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B. Physical examination

1.

The physical examination is unlikely to indicate a precise cause of bleeding.
However, coolness of the extremities, palmar creases, and pallor of the con-
junctivae, mucous membranes, and nail beds may be evident as a result of blood
loss and peripheral vasoconstriction. The signs of chronic liver disease or
abdominal tenderness may provide relevant information.

. The rectal examination is important and should not be omitted, even

in seemingly obvious upper gastrointestinal bleeding. The anus, perianal
area, and lower rectum can be assessed, as can the character and color of the
stool.

Occult blood in the stool can be detected with as little as 15 mL of blood
loss per day. Stools may remain positive for occult blood for nearly 2 weeks
after an acute blood loss of 1,000 mL or more from an upper gastrointestinal
source.

. Postural signs. As the patient loses intravascular volume due to blood loss,

cardiac output and blood pressure fall, and pulse rate increases. Under condi-
tions of severe volume loss, postural compensation of blood pressure and pulse
are inadequate. Thus, so-called postural signs are present if, when the patient
sits from a supine position, the pulse rate increases more than 20 beats per
minute and the systolic blood pressure drops more than 10 mmHg. Under these
circumstances, it is likely that blood loss has exceeded 1 L. However, age, car-
diovascular status, and rate of blood loss all influence the development of pos-
tural signs.

C. Fluid, electrolyte, and blood replacement

1.

4.

A large-bore intravenous catheter should be inserted promptly into a peripheral
vein. Blood can be drawn at this time for laboratory studies (see section 1.D). In
a profusely bleeding patient, a single peripheral intravenous catheter may not
be sufficient to provide adequate blood replacement; two or more intravenous
catheters may be required. In an acute emergency in which a peripheral vein is
not available, venous access should be established via a jugular, subclavian, or
femoral vein.

. Infusion of fluids and blood. Normal saline is infused rapidly until blood for

transfusion is available. In patients who have excess body sodium, such as
those with ascites and peripheral edema, the physician may be reluctant to
infuse large amounts of saline. In those instances, the restoration of hemody-
namic stability should take precedence over other considerations. In other
words, if the patient is bleeding profusely and blood for transfusion is not yet
available, saline should be infused without regard for the patient’s sodium bal-
ance. If bleeding is less severe, hypotonic sodium solutions may be infused
until blood for transfusion arrives. Appropriate treatment of acute gastroin-
testinal bleeding includes not only replacement of blood, usually in the form of
packed red cells, but also infusion of supplemental electrolyte solutions and,
when necessary, clotting factors.

. A central venous pressure catheter or Swan-Ganz catheter may be nec-

essary to evaluate the effects of volume replacement and the need for continued
infusion of blood, particularly in elderly patients or patients with cardio-
vascular disease.

Monitoring of urine output provides a reasonable indication of vital organ
perfusion. In severely ill patients, a urinary catheter may be necessary.

D. Laboratory studies

1.

Initial blood studies should include a complete blood count (CBC) and levels
of electrolytes, blood urea nitrogen (BUN), creatinine, glucose, calcium, phos-
phate, and magnesium; blood should be drawn for typing. Hemoglobin and
hematocrit levels usually are low, and the level of these measures may have
some relation to the amount of blood loss. However, some patients bleed so
rapidly that there is insufficient time for the blood volume to equilibrate, and
the hemoglobin and hematocrit levels are normal or only slightly reduced. In
acutely bleeding patients, changes in blood pressure and pulse and the direct
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evidence of continued bleeding via the nasogastric tube or per rectum are bet-
ter indicators than the hemoglobin and hematocrit levels for determining the
administration of electrolyte solutions and the replacement of blood. Clotting
status should be assessed with platelet count, prothrombin time, and partial
thromboplastin time. Depending on the clinical presentation, other blood stud-
ies may be important, such as serum amylase, liver tests, and cardiac enzymes.
In severely ill patients, arterial blood gases should be monitored.

2. Leukocytosis, usually not in excess of 15,000/pL, can accompany acute gas-
trointestinal bleeding. However, an elevated white blood cell count should not
be attributed to acute blood loss without a search for sources of infection.

3. Elevated BUN in a patient whose BUN has recently been normal or whose
serum creatinine level is normal suggests an upper gastrointestinal bleeding
source. The rise in BUN results from the hypovolemia of acute blood loss, but
digestion of blood proteins in the small intestine and the absorption of
nitrogenous products can also contribute. In patients with impaired liver
function, the increased protein load may be sufficient to induce or aggravate
hepatic encephalopathy. The magnitude of the protein load can be calculated
roughly by multiplying the grams of hemoglobin and serum protein per
deciliter of blood by the estimated volume of blood lost. For example, if a
patient has an initial hemoglobin level of 13 g/dL and serum protein of 7 g/dL
and loses 1,000 mL (or 10 dL) of blood, approximately 200 g of protein is
presented to the small intestine ([13 g + 7 g] X 10 = 200 g). Thus, gastric
lavage and control of bleeding are additionally important in patients with
liver disease.

4. Later studies. Because of rapid fluid shifts during gastrointestinal bleeding
and the infusion of blood, blood products, and other fluids, frequent assess-
ment of serum electrolytes, calcium, phosphate, and magnesium levels is neces-
sary. Extensive transfusion dilutes platelets and clotting factors, particularly
factors V and VII. This condition can be treated by infusion of fresh-frozen
plasma and platelets as necessary. Also, a high proportion of patients who bleed
while taking therapeutic anticoagulants do so from a clinically significant
lesion. Thus, it is important to evaluate these patients for gastrointestinal
pathology in addition to correcting their clotting status. Most patients who
receive blood transfusions do not need calcium supplements, although hypocal-
cemia as a result of binding of calcium by anticoagulants in banked blood may
occur after massive transfusions. Patients who receive more than 100 mL of
blood per minute may be given 0.2 g calcium chloride (CaCl,) via another
intravenous line during the time the blood is infusing. Measurement of the ion-
ized calcium and monitoring of the electrocardiographic QT interval are rec-
ommended during the rapid infusion of anticoagulated blood.

E. Nasogastric intubation and gastric lavage. A nasogastric (NG) tube should be
passed in all patients with acute gastrointestinal bleeding unless the source is obvi-
ously the lower gastrointestinal tract. Blood from an esophageal or gastric source
pools in the stomach, and in more than 90% of bleeding duodenal ulcers the blood
refluxes back across the pyloric channel into the stomach. If the aspirate is clear or
clears readily with lavage, the NG tube may be removed. If there is fresh blood or
a large amount of old blood or retained material, the stomach should be lavaged
by means of a large-bore sump tube (20-24 French) or an Ewald tube. Removal of
as much of the gastric contents as possible facilitates subsequent endoscopy and
may contribute to hemostasis by allowing the walls of the stomach to collapse.
Because of its adverse effects, the NG tube should be removed promptly when it
no longer fulfills a useful purpose.

1. Benefits of NG intubation

. To document the presence of blood

. To monitor the rate of bleeding

. To identify recurrence of bleeding after initial control

. To lavage and decompress the stomach

. To remove gastric acid

Q0T
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2. Adverse effects of NG intubation

a. Patient discomfort

b. Predisposition to gastroesophageal reflux and pulmonary aspiration

c. Irritation of the esophageal and gastric mucosae, creating mucosal artifacts

and aggravating existing lesions
F. Consultations. The appropriate management of acute gastrointestinal bleeding

typically involves a team of physicians. Specific diagnostic studies usually require
the expertise of a gastroenterologist or a radiologist. The surgeon, when consulted
early, may offer valuable assistance in managing the patient and is in a much bet-
ter position to make a decision regarding operative intervention.

Il. DIAGNOSTIC AND THERAPEUTIC STUDIES. Schemes for the diagnostic evaluation
of acute upper and lower gastrointestinal bleeding are shown in Figs. 14-1 and 14-2,
respectively.

A. Endoscopy. Gastrointestinal endoscopy, of both the upper gastrointestinal tract
and the colon and rectum, is discussed in Chapter 5§ with regard to diagnostic
capability and methods of performing the procedures.

1. Upper gastrointestinal bleeding
a. Diagnostic endoscopy. Endoscopy usually is recommended as the initial
diagnostic procedure in acute upper gastrointestinal bleeding because

No stigmata of recent Medical treatment as
hemorrhage (SRH)* indicated by findings
Acute upper GI bleeding
Attempt endoscopy after Ulcer with SRH* > Therapeutic endoscopy
stabilization of the or surgery
patient and start IV PPI

Bleeding varices ——» Seetextand Fig. 14-3

—— Blood and clot obscures ———— Consider endoscopic lavage
visibility with hydrogen peroxide
soluton or arteriography

(diagnostic and therapeutic)

Bleeding is massive Consider selective arteriography
L anduncontrolled ————— or immediate surgery (endoscopy
may be performed in operating
room under anesthesia)

Figure 14-1. Scheme for the diagnostic evaluation of acute upper gastrointestinal bleeding.
(*Stigmata of recent hemorrhage are a visible vessel, fresh blood clot, black eschar, or active bleeding.)
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Acute lower GI bleeding

Perform proctosigmoid-
oscopy or colonoscopy
after stabilization of
the patient

Bleeding stops with

Colonoscopy after adequate

resuscitative efforts 9 bowel preparation

Bleeding stops but
recurs or continues
despite resuscitative
efforts: consider

Bleeding ismassive

and uncontrotled

———— Colonoscopy either

without preparation
or after bowe] lavage

or

Radionuclide scan

or

Selective arteriography

(diagnostic and therapeutic)

Consider selective arteriography
(diagnostic und therapeutic)

or
Immediate surgery

Figure 14-2. Scheme for the diagnostic evaluation of acute lower gastrointestinal bleeding.

knowledge of the specific diagnosis may dictate a specific treatment regi-
men. For example, the treatment of bleeding esophageal varices (see section
IV.A) is likely to be quite different from the treatment of a bleeding peptic
ulcer, hemorrhagic gastritis, or a Mallory-Weiss tear of the esophagogastric
junction. The appropriate treatment of a peptic ulcer that stops bleeding
includes acid-inhibiting drug therapy for several weeks, whereas hemor-
rhagic gastritis, if caused by aspirin ingestion or alcohol abuse, typically
heals rapidly after withdrawal of the offending agent, and administration of
acid-inhibiting drug therapy. A Mallory-Weiss tear may be expected to heal
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in several days without specific therapy. Furthermore, the endoscopic iden-
tification of the so-called stigmata of recent hemorrhage (SRH) within an
ulcer crater may have some prognostic and therapeutic significance. SRH
include a protruding visible vessel, an adherent clot, a black eschar, and
actual oozing or spurting of blood. Patients with SRH are more likely to
have uncontrolled bleeding or recurrent bleeding and to require interven-
tion by therapeutic endoscopic methods or surgery.

b. Therapeutic endoscopy. Methods of treating peptic ulcer bleeding through
the endoscope have included thermal electrocoagulation, laser photocoagu-
lation, injection of epinephrine, ethanol or hypertonic solutions, and place-
ment of clips on the bleeding vessels or ulcer. Experience to date has shown
the following:

i. Bipolar electrocoagulation, laser photocoagulation, injection of various
agents, and placement of clips all appear to be capable of controlling
acute bleeding. The combination of two of these techniques seems to
yield better and more lasting results (less rebleeding).

ii. Laser photocoagulation and electrocoagulation has been shown to
reduce the need for emergency surgery and improve survival.

iii. Laser therapy is less available and the most difficult to learn, whereas
injection therapy is the least difficult and readily available in most hospitals.

iv. Injection therapy (epinephrine 1/10,000 or normal saline) appears to be
the safest and the least expensive.

v. Combining injection therapy with electrocoagulation may have added
benefits and is currently being widely used (Table 14-3). In the endo-
scopic treatment of bleeding esophageal varices, endoscopic banding is
preferred over injection sclerosis (see section IV.A).

2. Lower gastrointestinal bleeding. The initial diagnostic procedure for acute
lower gastrointestinal bleeding is proctosigmoidoscopy, preferably with a flexi-
ble fiberoptic instrument. If the bleeding seems to be occurring above the reach
of the sigmoidoscope, emergency colonoscopy may be performed after the colon
is cleaned with osmotically balanced electrolyte solutions (e.g., GOLYTELY or
Colyte) administered orally or by nasogastric tube. If colonoscopy is not feasi-
ble, selective arteriography may be performed both for diagnostic and possible
therapeutic measures.

B. Radionuclide scanning of the abdomen after labeling of the patient’s red blood
cells or other blood components may indicate the site of bleeding (see Chapter 9,
section II.C). A positive scan may point the way to more definitive diagnostic or
therapeutic procedures. The radionuclide scan appears to be more sensitive than

I LGIESR PR Endoscopic Treatment of Bleeding Ulcers

Laser Injection

Characteristic Electrocoagulation photocoagulation therapy
Controls bleeding Yes Yes Yes
Reduces need for Yes Yes ?

surgery
Reduces mortality Yes Yes ?
Difficulty to learn Intermediate Most Least
Safety Intermediate Least Most
Expense Intermediate Most Least
From Eastwood GL. Endoscopy in gastrointestinal bleeding: Are we beginning to realize the dream?
J Clin Gastroenterol. 1992;14:187. Reprinted with permission.
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selective arteriography in detecting active bleeding; a “positive” scan requires a
lower rate of bleeding (0.1 mL per minute vs. 0.5-1.0 mL per minute) but is less
specific than arteriography in locating the site of bleeding.

Selective arteriography of the celiac axis, superior mesenteric artery, inferior

mesenteric artery, or their branches can be both diagnostic and therapeutic.

1. Diagnosis. A focal extravasation of dye usually indicates an arterial bleeding

source. A diffuse blush in the region of the stomach may be found in hemor-

rhagic gastritis. During the venous phase, esophageal, gastric, or intestinal
varices may be seen, although actual variceal bleeding cannot be documented
by arteriography.

Treatment. Injection of autologous clot or small pieces of gelatin sponge

(Gelfoam) has been used to embolize arteries supplying localized bleeding sites.

Infusion of vasopressin, 0.1 to 0.5 units per minute, into the arterial supply of

the bleeding site also has been effective in controlling bleeding. Variceal bleed-

ing may be controlled by vasopressin infusion into the superior mesenteric
artery, thereby diminishing splanchnic blood flow and reducing portal venous
pressure. Administration of vasopressin by peripheral vein at a rate of 0.3 to

1.0 units per minute is as effective as intraarterial vasopressin in the control of

variceal bleeding. Moreover, the frequency of cardiovascular side effects after

peripheral venous versus arterial vasopressin infusion is similar. In most patients
who receive vasopressin for the control of variceal bleeding, therefore, a periph-
eral venous route is preferred. Intravenous infusion of nitroglycerin may reduce
the hazard of vasopressin in patients at risk for ischemic cardiovascular disease.

Intravenous infusion of octreotide is as effective and safer than vasopressin and

is preferred.

D. Barium-contrast radiographic studies. Upper gastrointestinal series and barium
enema usually provide a lower diagnostic yield than endoscopic studies. In addi-
tion, the presence of barium in the stomach or intestine can make endoscopic visu-
alization of the mucosa difficult and can render an arteriogram uninterpretable.
For these reasons, barium-contrast studies are not recommended in the initial
diagnostic evaluation of patients with acute gastrointestinal bleeding.

o

ol

GASTRIC AND ANTISECRETORY AGENTS. Because gastric acid plays a pathogenic
role in many causes of upper gastrointestinal bleeding, it is reasonable to inhibit acid
secretion with antisecretory agents such as histamine-2 (H,) antagonists, or proton-
pump inhibitors (PPIs). The intent is to maintain the intraluminal gastric pH above
4.0. This is difficult to achieve with the use of H, antagonists. PPIs inhibit gastric
acid secretion much more effectively and at adequate doses increase the gastric pH to
above 4. In the United States, pantoprazole sodium (Protonix), esomeprazole (Nexium),
and lansoprazole (Prevacid) are available in intravenous form as well as in an oral
formulation.

The reduction of intraluminal acid may be effective in two ways. First, the direct,
harmful effects of acid and pepsin on the bleeding lesion are diminished. Second, a less
acid environment allows platelets to aggregate and thus promotes clotting. After the
NG tube is removed, the patient is treated with an antisecretory agent, preferably with
a PPL. A bolus of 80 mg of intravenous PPI is administered, followed by a continuous
infusion at 80 mg an hour up to 72 hours.

IV. SPECIAL CONSIDERATIONS

A. Esophageal varices. The treatment of bleeding esophageal varices differs sub-
stantially from the treatment of other bleeding lesions of the upper gastrointestinal
tract. Moreover, patients with esophageal varices typically have severe liver disease
and thus are likely to suffer from poor nutrition, blood clotting disorders, and
encephalopathy, all of which can adversely affect morbidity and mortality.

1. Initial treatment. Figure 14-3 outlines a scheme for the management of bleed-
ing esophageal varices. There is no single correct approach to the control of
variceal hemorrhage; although in most institutions endoscopic band ligation or
injection sclerosis are the initial choices of treatment. These procedures are
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Actively bleeding varices

Peripheral venous vasopressint

or

Endoscopic band ligation or
injection sclerosis

and/or
Balloon tamponade
or

Transjugular intrahcpatic
portosystemic shunt (TIPS)

Chronic management

Bleeding continues Bleeding controlled——————> of varices that have

bled

Repeat endoscopic band ligation
or injection sclerosis Consider: Course of

endoscopic band ligation
or injection sclerosis

or
Portacaval shunt surgery

Bleeding continues

TIPS or surgery (portacaval
shunt or esophageal transcction)

Figure 14-3. Scheme for the management of bleeding esophageal varices.

equally effective or better tolerated than surgical procedures such as portosys-
temic shunts and esophageal transection in controlling acute variceal bleeding.

Endoscopic band ligation of esophageal varices has been shown to be as
effective as injection sclerosis in controlling bleeding: It eradicates the varices
more rapidly than sclerosis and reduces the adverse side effects, such as fever,
chest pain, esophageal ulceration, and pleural effusion that have been associated
with sclerotherapy. Infusion of octreotide (a synthetic analog of somato-
statin) has been shown to be effective in controlling esophageal varied bleeding.
Octreotide given as 50 pg bolus, then 50 pg per hour administered intravenously
for 2 to 5 days has replaced vasopressin as the medical therapy of choice for
acute variceal bleeding. In some studies, the combination of octreotide and
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endoscopic therapy has been shown to improve outcome as compared to
endoscopic therapy alone.
. Balloon tamponade by Sengstaken-Blakemore tube. The triple-lumen
Sengstaken-Blakemore (SB) tube is representative of several tubes that can com-
press gastroesophageal varices by balloon tamponade. One lumen is used to
evacuate the stomach. The second and third lumens lead to the gastric and
esophageal balloons, respectively. Because use of the SB tube has been associ-
ated with serious complications, including occlusion of the airway by the
esophageal balloon, pulmonary aspiration of secretions and blood from the
esophagus, and ischemic necrosis of the esophageal mucosa due to prolonged
compression by the balloon, the following steps are recommended:

a. Use a new SB tube in each patient.

b. Before passing the SB tube, fill the balloons with sufficient air to test for
leaks.

c. Deflate the balloons, lubricate well, and pass the tube through either the
nose or the mouth into the stomach.

d. After inflating the gastric balloon with 100 mL of air, pull it up firmly
against the gastroesophageal junction and inject another 150 to 200 mL of
air into the balloon, bringing the total amount of air to 250 to 300 mL.

e. Secure the SB tube externally by taping the tube to the nose or mouth or to
the bar of a football helmet or baseball catcher’s face mask worn by the
patient. This type of traction may be termed passive traction. It serves to
maintain traction on the gastric balloon but, in the event of deflation, does
not pull the tube up to occlude the airway. Never apply active traction such
as might be accomplished by tying the external end of the SB tube to a
weight hanging over a pulley.

f. Pass an accessory sump tube into the esophagus to suction blood and secre-
tions. (Some SB-type tubes already have a fourth lumen that permits
esophageal suction.) If no fresh blood is aspirated from the esophagus, either
the bleeding originates below the esophagus or bleeding from esophageal
varices has stopped. If no fresh blood is aspirated from the intragastric
lumen of the SB tube under these circumstances, one can presume that the
bleeding originated from varices in the gastric cardia that are being com-
pressed by the gastric balloon.

g. If fresh blood is aspirated from the esophagus, inflate the esophageal balloon
to a pressure of 35 to 40 mmHg. This is accomplished by connecting the
external lumen of the esophageal balloon via a Y-connector to a blood pres-
sure manometer. Continue to suction secretions from the esophagus above
the balloon by means of the accessory sump tube or, if present, the fourth
lumen.

h. Deflate the esophageal balloon for about 30 minutes every 12 hours.

i. Tape a scissors to the wall beside the patient’s head. If the tube needs to be
removed emergently or after it is no longer needed, it can be cut as it exits
the nose or mouth, thereby instantly deflating the balloons and facilitating
prompt removal. The scissors also serve as a visible reminder of the dangers
of the SB tube.

j- In most patients, use of the SB tube does not exceed 48 hours. By that time,
bleeding has been controlled or more definitive therapy by means of endo-
scopic sclerosis or portosystemic shunt surgery has been instituted.

. Transjugular intrahepatic portosystemic shunt (TIPS). Patients who con-

tinue to bleed despite endoscopic therapy or have bleeding gastric varices may

require a portosystemic shunt. Since surgical morbidity and mortality are very
high in open portosystemic shunt procedures, TIPS has been developed as a less
invasive procedure often performed by interventional radiologists. TIPS has
been shown to decrease rebleeding more effectively than endoscopic therapy,
band ligation, or injection sclerotherapy. However, most patients with TIPS
experience shunt stenosis within 1 to 2 years and require reinstrumentation,
and many patients develop hepatic encephalopathy. Thus, TIPS is preferred for
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patients with severe liver disease and for those who may require liver trans-
plantation. Patients with compensated cirrhosis may be better treated with distal
splenorenal shunt-type portosystemic shunt surgery.

4. Long-term management. After acute variceal bleeding has been controlled by
endoscopic variceal banding or injection sclerosis, octreotide infusion, or bal-
loon tamponade, a decision regarding long-term management of the varices
must be made. Some physicians elect no specific therapy, hoping that bleeding
will not recur. Because the risk of rebleeding is high, however, some form of
treatment usually is indicated. The daily oral administration of beta-blockers
(e.g., nadolol) and nitrates (e.g., isosorbide dinitrate) has been shown to reduce
portal hypertension in patients and decrease the risk of rebleeding. Because
long-term survival appears to be increased after repeated endoscopic band lig-
ation or injection sclerosis to eradicate the varices or portosystemic shunt
surgery, most patients should be considered for one of these treatments. Total
health care costs are probably less and the risk of encephalopathy is lower in
patients who undergo band ligation or injection sclerosis. Thus, repeated
endoscopic band ligation or injection sclerosis, consisting of repeated injections
separated by 1 to 4 weeks for several months, is a reasonable first choice.

Complications of endoscopic band ligation and injection sclerosis
include acute perforation of the esophagus, mucosal ulceration and necrosis,
and stricture formation. Patients who have recurrent variceal bleeding despite
band ligation and injection sclerotherapy and whose risk of surgery is acceptable
may benefit from portosystemic shunt surgery.

B. Mallory-Weiss gastroesophageal tear. Bleeding from a Mallory-Weiss mucosal
tear at the esophagogastric junction traditionally has been associated with repeated
vomiting or retching before the appearance of hematemesis. However, in a large
review of patients with documented Mallory-Weiss lesions, such a history was
obtained in less than one third of the patients. The diagnosis of Mallory-Weiss
mucosal tear must be made by endoscopic visualization of the lesion. Most patients
stop bleeding spontaneously. In those with active bleeding, endoscopic placement of
clips, bipolar electrocautery or injection of epinephrine may be used successfully.

C. Aortoenteric fistula. Patients with an aortoenteric fistula typically have massive
hematemesis or hematochezia. The bleeding may stop abruptly; if it recurs, it often
is fatal. This is a surgical emergency and immediate surgical intervention is necessary.
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FOREIGN BODIES IN THE
GASTROINTESTINAL TRACT

oreign bodies may be deliberately or accidentally swallowed or introduced into the

lower gastrointestinal tract from the rectum. The most frequent victims are young children,
persons with dentures, and individuals who are inebriated or mentally impaired.

There are no controlled studies for the management of foreign bodies in the gastroin-

testinal tract. Each situation needs to be evaluated depending on the nature of the foreign
body, the symptoms, the condition of the patient, and the organs involved. Most ingested
foreign bodies pass safely through the intestinal tract between 48 hours and 1 month after
ingestion. Some objects may result in obstruction or perforation and may require endo-
scopic or surgical intervention. Sharp objects such as pins, toothpicks, and bones may
cause perforation, especially in the esophagus and the ileocecal area. Patients may have
pain, sepsis, mediastinitis, peritonitis, hemorrhage, abscess, or abdominal mass.
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ESOPHAGUS. Foreign bodies may cause obstruction above the upper esophageal
sphincter and may compromise the airway. These patients should be urgently handled
by ear, nose, and throat specialists.

Most obstructions from foreign body ingestions involve the esophagus; many
occur above a benign or malignant stricture, web, or ring. The four areas of physio-
logic narrowing in the esophagus—the cricopharyngeal muscle, the aortic arch, the
left main-stem bronchus, and the gastroesophageal junction—are also common sites
for obstruction. Sharp objects such as fish or poultry bones, pins, or toothpicks
may perforate the esophagus, resulting in sepsis or hemorrhage. Button (miniature,
7.9-11.6 mm) battery ingestions are not uncommon in children. Most of these spon-
taneously pass; however, those with larger diameters (15.6-23.0 mm) may impact in
the esophagus, causing tissue necrosis, perforation, or hemorrhage.

A. Clinical findings
1. Signs and symptoms. Acute esophageal obstruction may result in substernal pain
at the level of obstruction or be referred to the sternal notch. The pain may be mild
or severe or may mimic a myocardial infarction. There may be profuse salivation
and regurgitation. In patients who have ingested a sharp object like a fish bone,
odynophagia and a sensation of the object lodged in the esophagus may be present.
2. Physical examination is usually unrewarding. When perforation is suspected,
subcutaneous air in the soft tissues should be sought by looking for crepitus by
palpation of the upper thorax and neck.
B. Diagnostic tests
1. Radiographic techniques
a. Photographic densities. Plain x-rays are frequently used in the detection of
foreign bodies. However, not all foreign bodies are radiopaque due to differ-
ences in their densities.

i. Foreign bodies of high density are highly radiopaque and have low
photographic density on a radiograph. If the object is of adequate size,
it is easily differentiated from the surrounding tissues. Common exam-
ples include objects made of iron, steel, and some alloys, as in nails,
screws, chips, bullets, and many coins.

ii. Foreign bodies with physical densities somewhat higher than body
tissues (e.g., glass, aluminum, chicken bones, plastics) have photographic
densities slightly less than body tissues and form more subtle images.
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iii. Body-density foreign bodies possess the same photographic density
as the surrounding body tissues and are virtually impossible to detect in
radiographs. Thorns, cactus needles, sea- and freshwater animal spines,
some plastics, and wood that has been in the body for more than 48 hours
are common examples.

iv. When the density of the object is less than the density of surround-
ing body tissues, it appears darker. Some examples of this type of
foreign body are wood immediately after introduction into the body,
materials containing air, and some plastics.

v. Glass, contrary to the general assumption that it is radiolucent, is in
fact radiopaque compared to body tissues. Leaded crystal and optical
glass are highly radiopaque.

vi. Aluminum is of low physical density and may be difficult to detect radi-
ographically. Aluminum alloy, pennies, and pull-top rings of aluminum
soda cans are commonly ingested and may not be detected in plain films.

vii. Wood, when dry, immediately after ingestion appears radiolucent due
to its lower physical density than body tissues. However, within 24 to
48 hours it absorbs water, becomes isodense to body tissues, and may
not be visible on the plain films.

b. X-ray views. When the location of a foreign body is to be determined radi-
ographically, two views at 90 degrees to each other (e.g., anteroposterior and
lateral films) are recommended with techniques used for evaluation of bones.
Additional tangential views may be obtained to gain more information about
the depth of the foreign body.

c. Contrast studies. When the information from the plain radiographs is inad-
equate, the use of contrast media may be required. Water-soluble contrast
agents or barium may be used. Because barium may interfere with proper
visualization of the object at endoscopy, however, a water-soluble contrast
agent such as Gastrografin is preferred. If perforation is suspected, the leak
may also be evaluated using a water-soluble contrast study.

2. Endoscopy. Esophageal foreign bodies may be directly visualized by flexible
endoscopy after adequate sedation of the patient. Intravenous glucagon may be
necessary to relax the esophagus.

C. Management

1. Esophageal relaxation. After a detailed history regarding the nature and tim-
ing of the ingestion is obtained, if no complications are suspected, mild sedation
and esophageal relaxation with intravenous glucagon may allow spontaneous
passage of the foreign body. The patient should be kept in an upright posture,
or the head of the bed should be elevated. In cases of obstruction, a nasogastric
tube may be placed in the esophagus above the object, and secretions may be
suctioned to decrease the risk of aspiration. Intravenous fluids should be used
to prevent dehydration of the patient.

2. When a meat bolus is lodged in the distal esophagus, enzymatic dissolution
with papain has been used (e.g., Adolph’s Meat Tenderizer). Papain, however,
may lead to esophageal wall digestion and perforation or pulmonary aspira-
tion; thus, we do not recommend its use.

3. Endoscopy. Food boluses or other foreign bodies may be removed endoscopi-
cally using forceps, snares, or baskets. An overtube, placed around the intrae-
sophageal portion of the endoscope and the object, will protect the esophageal
mucosa and the airway as the object is pulled out in the endoscope. General
anesthesia may be necessary in children and uncooperative patients. Sharp objects
and those that are embedded in the esophageal wall may require surgical
removal.

Il. STOMACH
A. Clinical findings. Foreign bodies in the stomach usually do not cause any symp-
toms. The presence of nausea and vomiting may indicate pyloric obstruction; pain,
bleeding, and fever may suggest mucosal injury or perforation.
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B. Diagnosis

1. Chest and abdominal radiographs help in determining the location and
nature of the swallowed object. Contrast studies may be needed if the object
cannot be visualized by plain films or if there is a question of perforation. The
presence of air under the diaphragm also should be ascertained.

2. Endoscopy visualizes the foreign object, but this may be difficult when the
stomach is full of food.

C. Management. Most ingested objects that have made their way into the stomach
pass through the pylorus and the rest of the gastrointestinal tract. Most coins, such
as dimes and nickels, do not cause obstruction, but quarters may not pass in chil-
dren. With rounded objects, it is thought to be safe to wait several days for the
spontaneous passage of the foreign body. The progress is followed by daily x-rays.
Because objects may become embedded in the wall of the stomach after several
days, endoscopic removal is advised. However, bones, denture fragments, pencils,
toothpicks, needles, razor blades, and other sharp objects should be removed
immediately, endoscopically or surgically. Induced vomiting, especially in intoxi-
cated persons and in children, carries the risk of aspiration of the gastric contents
and the foreign body and is not recommended.

Ill. SMALL BOWEL

A. Most objects that have passed through the pylorus will also pass through the small
bowel and the ileocecal valve. Long, thin objects may hang up in the angulations
of the duodenum, the angle of Treitz, and the ileocecal area.

B. Management. Objects beyond the second portion of the duodenum cannot be
retrieved endoscopically. Their progress may be followed radiologically. If pain,
fever, distention, vomiting, or bleeding develops, the patient should be surgically
explored. Stimulation of bowel motility by laxatives and cathartics may be harm-
ful, especially when the object is sharp. Mineral oil, stool softeners, or bulking
agents may be useful, but their efficacy has not been studied.

IV. COLON AND RECTUM

A. Occasionally, swallowed objects may hang up in the cecum or the sigmoid colon.
These objects may be retrieved with the colonoscope.

B. Many objects have been inserted into the rectum and sigmoid colon for sexual
stimulation, or by individuals who are mentally impaired. Most of these objects
may be retrieved using flexible or rigid sigmoidoscopic techniques. Patients may
need general anesthesia for cooperation and for relaxation of the anal sphincter. If
perforation or mucosal injury is suspected, surgical intervention may be necessary.
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CAUSTIC INGESTION

Zhe ingestion of caustic chemicals may cause tissue injury on contact with the
oropharynx, esophagus, stomach, and duodenum. Accidental ingestion of these caustic or
corrosive substances is most frequent in small children and inebriated individuals.
Intentional ingestion occurs more commonly in persons who are suicidal.

Caustic substances can be divided into acids and alkalis. Many household and indus-
trial products contain acids or alkalis in liquid or solid form (Tables 16-1 and 16-2).

I. ALKALI INGESTION. Alkalis (e.g., lye-sodium or potassium hydroxide) are ingested
more frequently than acids. Alkalis produce injury by liquefaction necrosis, which
allows deep penetration into the tissues, resulting in full-thickness tissue burns.

l Common Alkalis

Sodium or potassium hydroxide (lye)
Detergents and washing powders
Paint removers
Drain cleaners (Drano [granular and liquid], Liquid Plumr, Plunge, Open-Up)
Oven cleaners (Easy-Off, Mr. Muscle)
Clinitest tablets
Denalan denture cleanser (NaOH is formed in vivo)
Sodium hypochlorite
Bleaches (Clorox)
Cleansers
Sodium borates, carbonates, phosphates, and silicates
Detergents
Electric dishwashing preparations
Water softeners
Purex bleach

Ammonia
Toilet bow! cleaners (Lysol)
Metal cleaners and polishers
Hair dyes and tints
Antirust products
Jewelry cleaners
Sodium permanganate
lllegitimate abortifacient medical applications (topical)
Phosphorus
Matches
Rodenticides
Insecticides
Fireworks

NaOH, sodium hydroxide.
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I Common Acids

Hydrochloric acid (muriatic acid)
Metal cleaners (Quaker House Steam Iron Cleaner)
Toilet bowl cleaners (Lysol liquid toilet bowl cleaner, Sno Bol)
Swimming pool cleaners
Sulfuric acid
Battery acid
Drain cleaners (Mister Plumber, Rooto)
Sodium bisulfite
Toilet bowl cleaners (Sani Flush [granular], Varnish [granular])
Oxalic acid
Disinfectants
Furniture polish
Zud Rust and Stain Remover (granular)
Hydrofluoric acid
Antirust products
Formaldehyde (formic acid)
Deodorizing tablets
Plastic menders
Fumigants
Embalming agents
Carbolic acid (phenol-creosol, creosote)
Antiseptics
Preservatives

A. The severity of the tissue injury after caustic ingestion depends on the nature,
concentration, and quantity of the caustic substance and the duration of tissue
contact. The higher the pH, the more destructive is the alkaline agent. The critical
pH that causes esophageal ulceration is 12.5. Most cases of deep ulceration that
progress to stricture formation involve lye solutions of pH 14.0.

B. Areas of injury. The oropharynx and esophagus are most commonly injured in
alkali ingestions. Twenty to thirty percent of the patients who have esophageal
injury also have gastric injury. The severity of the injury varies from inflammation
and ulceration to necrosis and perforation of the viscera.

1. Solid alkali ingestion. Alkali swallowed in solid form adheres on contact to

mucous membranes of the oropharynx or esophagus, usually sparing the
stomach. If solid alkali is swallowed with water, it is carried further down the
digestive tract.

. Liquid alkali ingestion, especially of lye, exposes most of the mucosal sur-
face of the oropharynx and upper gastrointestinal tract to the caustic sub-
stance. The esophagus is the most commonly injured organ. The stomach is
also usually injured. In addition to ulceration and necrosis of the affected tis-
sues, bleeding may occur after liquid-lye ingestion. Respiratory distress
secondary to soft-tissue swelling of the epiglottis, larynx, vocal cords, or tra-
chea may occur due to aspiration of lye. Tracheoesophageal fistulas may
develop after severe injury. The most common delayed complication of lye
ingestion is esophageal stricture formation. Strictures may involve a variable
length of the esophagus, ranging from a focal narrowing to complete steno-
sis of the entire esophagus. Antral scarring and pyloric stenosis also have
been reported.
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ACID INGESTION

A.

Types of acids. A number of commercially available household substances con-
tain caustic acids (e.g., toilet bowl cleaners, disinfectants, automobile battery
acids, soldering fluxes). These substances may contain hydrochloric, sulfuric,
nitric, phosphoric, and trichloroacetic acids as well as phenol, zinc chloride, mer-
curial salts, and formaldehyde (formic acid). Sulfuric acid is the most corrosive of
these acids. However, hydrochloric and nitric acids are volatile and may predis-
pose the patient to chemical pneumonitis in addition to gastrointestinal tract
injury.

Tissue injury. Caustic acids produce coagulation necrosis, forming a firm protec-
tive eschar that may limit deep-tissue injury. They tend to pass rapidly through the
esophagus and usually produce shallow burns, except in cases where there are
anatomic or motility disorders. In the stomach, the acids usually flow along
the lesser curve to the pylorus. Pylorospasm results in pooling of the acid in the
antrum, where the worst of the damage occurs. The range of tissue injury is diffuse
gastritis, hemorrhagic ulceration, and necrosis leading to perforation of the stomach.
Gastric perforation may lead to mediastinitis, peritonitis, and shock.

CLINICAL EVALUATION

A.

History. A detailed history should be obtained from the patient or family to deter-
mine the type of caustic agent ingested, the time and quantity of ingestion,
whether the patient took anything by mouth before or after the ingestion, and
whether vomiting has occurred. If possible, the container and contents should be
examined and the pH of the substance determined.

The physical examination should include vital signs, attention to respiratory
status, and signs pertaining to possible perforation of the esophagus or stomach.
The presence of fever, respiratory distress, subcutaneous air, or signs of peritoneal
irritation should be noted.

INITIAL MANAGEMENT

A.

If cardiovascular or respiratory distress is present, a central venous line should
be placed immediately, the airway should be protected, and the patient resusci-
tated. Arterial blood gases and a complete blood count should be obtained, and a
surgeon should be notified.

In the event of respiratory distress with swelling of soft tissues of the upper
airway, tracheostomy may be necessary because blind nasotracheal intubation
may cause perforation.

Upright x-ray films of the chest and abdomen should be obtained and examined
for signs of aspiration and perforation of the esophagus or stomach.

Initially, patients should receive nothing by mouth. Gastric lavage or emesis is
contraindicated due to the risks of aspiration, reexposing the damaged tissues to
the caustic agent, and perforation.

The use of diluents is controversial. Neutralization of alkali with acid or acids
with alkali commonly results in an exothermic reaction. The resulting heat may
produce thermal injury and further tissue damage. Water and milk have been
shown to cause minimal temperature elevation, but they may contribute to
increased esophageal and gastric volume and motility and may increase the
already existing tissue damage. Thus, their use and the use of activated charcoal
and cathartics are not recommended.

Morphine sulfate or meperidine hydrochloride may be used for pain control
after the patient’s condition is stabilized.

DIAGNOSIS OF TISSUE INJURY

A.

Barium or soluble contrast studies of the esophagus and stomach do not accu-
rately demonstrate the degree and extent of initial tissue injury. Adherent barium
also may obscure the mucosa from endoscopic observation. Thus, contrast radio-
logic studies are not recommended for initial diagnostic evaluation. If a perforation
is suspected, however, a radiologic study using a soluble contrast material may be
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o

performed to localize the site of perforation. After 1 to 2 months, the extent of fibro-

sis and stricture formation may be assessed periodically by radiocontrast studies.

Endoscopy of the upper gastrointestinal tract within the first 24 hours of inges-

tion is recommended to establish the extent and severity of the tissue damage and

to remove by suction any remaining caustic material from the stomach. Rigid

scopes should not be used. Endoscopes with diameters less than 1 cm are safe in

experienced hands. If esophageal or gastric perforation is suspected clinically or

from plain films, endoscopy should not be performed.

The severity of tissue injury is classified by endoscopic appearance.

Grade 0: Normal endoscopic examination

Grade I: Edema and hyperemia of the mucosa

Grade lla: Friability, hemorrhages, erosions, blisters, whitish membranes or exu-
dates, superficial ulcerations

Grade Ilb: Grade Ila plus deep discrete or circumferential ulcerations

Grade llla: Grade II plus multiple ulcerations and small scattered areas of necrosis
(areas of brown-black or grayish discolorations)

Grade llIb: Grade II plus extensive necrosis

VI. THERAPY

A.

o

o

o

Patients with grade 0 and grade I injuries are expected to heal with no specific ther-

apy. They should receive nothing by mouth until they can eat without discomfort.

A barium swallow and upper gastrointestinal series may be done after 1 to 2

months to look for scarring and strictures.

Patients with grade Ila and some patients with grade IIb injuries recover rapidly

and may be discharged from the hospital within 5 to 12 days. Healing usually

occurs by the third or fourth week without sequelae. Some grade II and all grade

III injuries heal with scarring. Complications such as hemorrhage and perforation

should be carefully looked for in patients with grades IIb and III injuries. Most

patients with grade IIIb injury require immediate surgical attention.

Patients with more extensive tissue injury should be treated in the intensive care

unit with special attention to the possibility of viscous perforation. To protect the

injured tissues, the upper gastrointestinal tract should not be used. Total parenteral
nutrition should be started immediately. Intravenous histamine-2 (H,)-blocker therapy
may be used to reduce gastroduodenal acidity to prevent further acid—peptic injury.

Steroids. In pharmacologic doses, corticosteroids impair wound healing, depress

immune defense mechanisms, and mask the signs of infection and viscous perfo-

ration. They cannot salvage an already injured organ. Because the risks outweigh
the possible benefits, their use is not recommended.

Antibiotics. Serious infections are infrequent with caustic injury. In first- or

second-degree burns, antibiotics should be withheld until evidence of infection is

present. In patients in whom the possibility of perforation exists, antibiotics are
recommended to reduce the risk of infectious mediastinitis or peritonitis.

Surgery. The coordinated intensive efforts of both medical and surgical teams are

necessary for the best outcome in patients severely injured with caustic ingestion.

In the event of extensive tissue necrosis, perforation, peritonitis, or severe hemor-

rhage, emergency surgery may be necessary.

In severe gastric burns, antral and pyloric stenosis may require partial or
total gastrectomy. Total gastrectomy and esophageal replacement may be neces-
sary in cases of simultaneous severe esophageal and gastric injury.

Stricture formation is usually noted 2 to 8 weeks after a second- or third-degree

caustic injury with circumferential lesions.

1. Dilatation. Single and minor strictures usually respond to repeated dilatation.
However, because early dilatation increases the risk of perforation, it should be
delayed until after the acute injury has healed.

2. Surgery. Extensive esophageal strictures may require surgical resection with
transposition of a segment of jejunum or colon. Placement of an intraluminal
silicone stent under endoscopic guidance for 4 to 6 weeks has been used to pre-
vent severe stricture formation.
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H. Long-term follow-up. Esophageal and gastric cancer may develop in the scarred
mucosa 10 to 15 years after the initial injury. These patients require ongoing clinical
and endoscopic surveillance and follow-up.
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17 FULMINANT HEPATIC FAILURE
AND ENCEPHALOPATHY

5 ulminant hepatic failure (FHF), acute hepatic failure, and fulminant hepatitis
all refer to acute severe impairment of liver function accompanied by coagulopathy,
advanced stages encephalopathy, and coma in patients who have had liver disease for less
than 8 weeks. FHE, in most instances, is complicated by multiorgan failure and cerebral
edema, lasts 1 to 4 weeks, and ends fatally in 60% to 95% of patients. FHF is a rare con-
dition with an incidence of 2,000 cases per year in the United States.

In a subgroup of patients, the duration of illness before the onset of encephalopathy
is more prolonged (subacute FHF) but as in FHE, there is no evidence of previous liver dis-
ease. In patients with late-onset hepatic failure, hepatic encephalopathy and other evidence
of hepatic decompensation appear between 8 and 24 weeks after the first symptoms.
Patients with late-onset disease are significantly older than those who have FHF; median
ages of onset are 44.5 years and 25.5 years, respectively.

Liver transplantation may be the ultimate solution in FHE.

New terminology has been introduced and is based on the interval from the onset of
jaundice to the development of encephalopathy.

Hyperacute liver failure, with an interval of <7 days
Acute liver failure, with an interval of 8-28 days
Subacute liver failure, with an interval of 4-12 weeks.

I. ETIOLOGY. Table 17-1 outlines the numerous causes of FHE
A. Hepatitis. FHF is most commonly seen with viral and toxic hepatitis. In fact,
viruses are implicated in 75% of instances.

1. FHF is most commonly seen with hepatitis B virus (HBV) infection; 1% of
patients acutely infected with HBV may develop the syndrome. Thirty to forty
percent of these patients may be infected concomitantly with the hepatitis delta
virus (HDV). Infection with hepatitis A virus (HAV), and rarely hepatitis C virus
(HCV), herpes simplex virus (HSV), cytomegalovirus (CMV), and parvovirus
B19 also may lead to FHEF. Enterically transmitted hepatitis E virus may cause
FHF in pregnant women, especially in the third trimester.

2. Acute toxic hepatitis may result from an idiosyncratic hypersensitivity reac-
tion to a drug (e.g., halothane, isoniazid, rifampin, alpha-methyldopa) or from
substances that are intrinsically toxic to the liver (e.g., acetaminophen, hydro-
carbons, white phosphorus, some poisonous mushrooms).

3. These toxic agents and viral infections cause panlobular hepatic necrosis
resulting in FHE

B. Hepatic ischemia resulting from severe hypoxemia, hypotension, cardiac failure,
or acute Budd-Chiari syndrome may cause extensive centrilobular hepatic necrosis
and FHE.

C. Wilson’s disease may present as FHF accompanied by acute intravascular hemolysis.

D. FHF may result from a group of disorders characterized by acute extensive infil-
tration of hepatocytes with microdroplets of fat and minimal hepatocellular
necrosis. These disorders include Reye’s syndrome, tetracycline induced fatty
liver, fatty liver of pregnancy, fatty liver after jejunoileal bypass surgery, and acute
alcoholic hepatitis. Dideoxyinosine (DDI) used in the treatment of acquired
immunodeficiency syndrome (AIDS) also may cause this condition.
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I Causes of Fulminant Hepatic Failure

Viral agents
Hepatitis A virus Herpes viruses
Hepatitis B virus Adenovirus
Hepatitis C virus Cytomegalovirus
Hepatitis D virus Paramyxovirus
Hepatitis E virus Epstein-Barr virus

Toxic substances
Acetaminophen Valproic acid
Halothane Disulfiram
Isoniazid Nortriptyline
Rifampicin White or yellow phosphorus
Amine oxidase inhibitors Emetic toxin of Bacillus cereus
Hydrocarbons Mushroom poisoning (Amanita phalloides)
Carbon tetrachloride Some herbal medicines
Nonsteroidal antiinflammatory drugs Dideoxyinosine

Ischemic liver necrosis
Wilson’s disease with intravascular hemolysis Shock (hypotension hypoxemia)
Acute Budd-Chiari syndrome Autoimmune hepatitis
Congestive heart failure Heat stroke

Acute steatosis syndromes
Reye’s syndrome
Acute fatty liver of pregnancy
Tetracycline
Massive blastic infiltration of the liver Hodgkin’s lymphoma
Lymphoreticular malignancies Burkitt-type lymphoma
Malignant histiocytosis
Non-Hodgkin’s lymphoma
Acute leukemia
Acute phase of chronic myelogenous
leukemia
Acute monoblastic leukemia

Metastatic liver disease from primary lung or breast cancer and melanoma

E. Rarely, FHF may develop in patients who have one of the hematolymphoid malig-
nancies, such as malignant histiocytosis, Burkitt’s lymphoma, the acute phase of
chronic myelogenous leukemia, acute monoblastic leukemia, and Hodgkin’s and
non-Hodgkin’s lymphomas. Massive infiltration of hepatic parenchyma with malig-
nant cells results in infarction and necrosis, leading to FHE.

Il. DIAGNOSIS. Serum aminotransferase (aspartate aminotransferase [AST], alanine
aminotransferase [ALT]) and bilirubin levels may provide useful clues regarding the
cause of FHE. In toxic or viral FHE, the serum aminotransferases are significantly ele-
vated due to injury to the hepatocytes. In instances of acute fatty infiltration and mito-
chondrial damage, aminotransferases are only moderately elevated.

The presence in serum of I[gM antibody to HAV supports the diagnosis of acute
hepatitis A. The presence of hepatitis B surface antigen (HBsAg) or IgM antibody
to hepatitis B core particle (HBcAb) or both and HBV-DNA in a patient with FHF
favors hepatitis B as the etiologic agent. IgM antibody to the delta virus can be detected
by serologic study only in patients carrying HBsAg. Antibody to hepatitis C may help
in establishing the diagnosis of hepatitis C but may not be detectable in the acute phase
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of the disease. A mutant form of hepatitis B and rarely hepatitis C is implicated in most
instances of late-onset hepatic failure. Determination of viral DNA or RNA titers of
hepatitis B and C viruses by polymerase chain reaction respectively may give informa-
tion that is more accurate in the cases of viral hepatitis B or C.

Liver biopsy may be helpful in establishing a diagnosis but may be difficult to
perform because of the severe coagulopathy, which is not correctable with replace-
ment of clotting factors.

PROGNOSIS. Survival from FHF depends on the ability of the liver to regenerate with
restitution of the normal hepatic function. Prothrombin time greater than 100 seconds,
regardless of the stage of encephalopathy or the presence of any three of the following
tindings, indicates a poor prognosis in FHF caused by viral hepatitis or drug toxicity
excluding acetaminophen toxicity:

Arterial pH <7.3

Age <10 or >40 years

Jaundice >7 days before the onset of encephalopathy
Prothrombin time >50 seconds

Serum bilirubin >18 mg/dL

Prognosis in FHF depends on the age of the patient, cause of the acute liver
failure, clinical course, occurrence of secondary complications, and duration and
severity of the coma.

A. Causes of death in FHF are neurologic complications (67%), gastrointestinal
hemorrhage (13%), bacterial and/or fungal infection and sepsis (13%), hemody-
namic complications (8%), and progressive respiratory and renal failure.

IV. CLINICAL SYNDROME

A. The encephalopathy of FHF may begin with mild confusion, irrational behavior,
euphoria, or psychosis. It is usually associated with a widely fluctuating but pro-
gressive deterioration of the mental state. Coma may develop rapidly within several
days of onset of symptoms.

1. The pathogenesis of hepatic encephalopathy (HE) is unknown, but there are
several theories. HE is a potentially reversible metabolic disorder of the brain in
the milieu of hepatic failure.

a. “Neurotoxic” substances. The ability of the liver to remove toxic substances

from the circulation is important in the maintenance of normal brain function.
In liver failure, it is assumed that neurotoxic substances normally extracted
from portal venous blood and metabolized in the liver gain access to the sys-
temic circulation and reach the brain parenchyma through a more permeable
blood-brain barrier. These substances may be directly toxic to the neurons or
may modulate neuronal function by causing changes in the metabolism of
neurotransmitters or the functional status of the neurotransmitter receptors.
The toxic substances most commonly implicated in hepatic failure are ammo-
nia (NHj;), y-aminobutyric acid (GABA), endogenous “benzodiazepines and
opioids,” mercaptans, and fatty acids.

b. “False neurotransmitters.” Another theory implicates the accumulation
of false neurotransmitters in the brain. In liver failure, the plasma ratio of
aromatic amino acids (phenylalanine, tyrosine, and tryptophan) to branched-
chain amino acids increases because of the impaired capacity of the liver to
remove aromatic amino acids. It is thought that this circumstance permits
greater entry of aromatic amino acids into the brain and promotes the
synthesis of serotonin and false neurotransmitters (e.g., octopamine) at the
expense of the true neurotransmitters (e.g., dopamine, norepinephrine) by
competitive inhibition. The increase of inhibitory neurotransmitters and
the deficiency of excitatory neurotransmitters may induce encephalo-
pathic coma.

Multifactorial causes. Most likely the cause of HE in FHF is multifactorial

with synergistic interactions among the various factors. Other causes of coma,

0



Chapter 17: Fulminant Hepatic Failure and Encephalopathy 105

such as hypoglycemia, hypoperfusion, anoxia, electrolyte disturbances, and
brain edema, may contribute to its pathogenesis.

Arterial NH;. It has been customary to use arterial NH; levels to follow the
course of hepatic encephalopathy. Even though the level of NH; does not
correlate with the stage of encephalopathy in each patient, the levels help to
establish trends. One must remember, however, that elevation of NH; may be
an epiphenomenon that reflects the concentration of other neuroactive nitroge-
nous substances such as GABA that are involved in hepatic encephalopathy
and coma.

2. Neurologic assessment. Daily assessment of neurologic function is important
in following the patient’s course and therapy.

a. A clinical coma scale (Tables 17-2 and 17-3) separately appraises the state

of six brain and brainstem functions. There is a high correlation between
best-worst initial coma scores and outcomes and the day-to-day changes in
the score with improvement or deterioration. The presence or absence of
oculovestibular reflexes has been the best predictor of outcome.

I A Clinical Coma Profile for Bedside Use

Verbal response

I'\rlgz?n rehensible No reaction
P Partial or dysconjugate
Confused Full
Normal Normal
Eye opening Best motor response
None

Noxious stimuli only

Verbal stimuli
Spontaneous Abnormal flexor

P u Withdraws or localizes

Pupils Obeys commands

Nonreactive oot
Sluagish Respiration

gggls Nil or ventilator
Brisk

Irregular

Oculocephalic-oculovestibular reflexes

None
Abnormal extensor

Regular >22 breaths/min
Regular <22 breaths/min

I TABLE 17 Hepatic Encephalopathy Scale

Grade Neurologic status

0 No abnormality detected

1 Trivial lack of awareness, shortened attention span, impairment noted on
arithmetic testing

2 Lethargy, disorientation in time, clear personality change, inappropriate
behavior

3 Very drowsy, semicomatose but responsive to stimuli, confused, gross
disorientation in time or space, bizarre behavior

4 Comatose, unresponsive to painful stimuli with or without abnormal

movements (e.g., decorticate or decerebrate posturing)
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b. The electroencephalogram (EEG) pattern changes in a predictable
way parallel with the neurologic state. Initially there is a slowing of the
alpha rhythm. With increasing drowsiness, this phenomenon is replaced
by lower frequency theta activity. As coma deepens, high-amplitude delta
waves become prominent, and the characteristic triphasic waves appear.
Preterminally the amplitude of these waves decreases, and finally the EEG
becomes isoelectric.

c. Visual-evoked potentials have been found to be superior to the EEG in terms
of specificity and ease of quantitation of central neuronal activity associated
with hepatic coma. However, auditory, somatosensory, and visual-evoked
potentials are not widely available clinically.

d. Assessment of cerebral edema. Cerebral edema, which may result in cere-
bellar or uncal herniation or both, is a frequent complication of FHE. The
exact stage at which cerebral edema develops is difficult to determine clini-
cally. Papilledema is seldom present. Findings from computed tomography or
magnetic resonance imaging (MRI) scan of the head are usually normal.
However, loss of definition between gray and white matter may be diagnostic
of early cerebral edema. In advanced disease, the first clinical sign may be
sudden respiratory arrest along with fixed and dilated pupils and absent
brainstem reflexes, indicating tentorial herniation.

Renal, electrolyte, and acid-base abnormalities. Microvascular obstruction

with cellular debris from the damaged liver affects most organs and especially the

kidneys.

1. Renal abnormalities. Renal failure is common in patients with FHE. Acute

tubular necrosis with high urine sodium concentration (>20 mmol/L) and isos-

molar urine occurs in some patients. Hepatorenal syndrome develops in about
one half of the patients; it is characterized by low urine sodium concentration

(<10 mmol/L), a hyperosmolar urine, and oliguria. This form of renal dys-

function does not improve unless there is simultaneous improvement in hepatic

function. Renal dialysis in FHF has a high frequency of complications.

Peritoneal dialysis is associated with peritonitis and intraperitoneal hemor-

rhage. Hemodialysis may lead to hypotension and gastrointestinal hemorrhage

caused by the use of heparin. The most common indications for dialysis are
volume overload, acidosis, and hyperkalemia.

Electrolyte abnormalities are common in FHF. Hypokalemia is seen in the

early stages. Hyponatremia is often associated with high renal retention

of sodium and water and decreased free water clearance. Hypernatremia
may follow multiple transfusions of fresh-frozen plasma or the use of osmotic
diuretics.

Alkalosis. Respiratory alkalosis is common in FHF and is thought to be central

in origin. Metabolic alkalosis may be caused by hypokalemia. Gastric aspiration

may potentiate this problem.

4. Lactic acidosis is common, especially in patients with peripheral circulatory
failure. If it is also associated with hypoglycemia, it may be caused by both fail-
ure of hepatic gluconeogenesis and increased anaerobic metabolism.

Respiratory disorders. Acute respiratory distress syndrome (ARDS) and unex-

pected respiratory arrest may occur at any time in FHE Endotracheal intubation

may facilitate delivery of oxygen when hypoxia supervenes and protect the airway
from aspiration.

Cardiovascular disorders. An increased cardiac output is common. Central

vasomotor depression with hypotension, cardiac arrhythmias including ventricular

ectopy, heart block, and bradycardia may also occur.

Coagulation disorders. In FHF, hepatic protein synthesis is impaired. The syn-

thesis of the proteins of the clotting cascade, the fibrinolytic proteins, and the

inhibitors of the activated factors are all deranged. Because hepatic clearance is
also impaired, coagulopathy is nearly impossible to correct with factor repletion.

Disseminated intravascular coagulation (DIC) also occurs and may be accentuated

by infection and endotoxemia.
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F. Gastrointestinal and other bleeding. More than half of the patients with FHF
have severe gastrointestinal bleeding from acute erosions in the stomach and
esophagus. Coagulopathy, thrombocytopenia, abnormal platelet function, and
DIC contribute to the bleeding propensity of these patients. Because gastric acid
plays a major role in the formation of erosions and ulcers, prophylactic use of
intravenous proton pump inhibitors or histamine-2 (H,)-receptor antagonists has
been shown to decrease the frequency of upper gastrointestinal bleeding.
Retroperitoneal hemorrhage, epistaxis, or bleeding into the lungs may also
occur. Prophylactic use of fresh-frozen plasma is not of proven benefit. In bleeding
patients, however, maintenance of the blood volume by the use of blood products
and correction of clotting factor deficiencies should be tried.
Hypoglycemia is common in patients with FHF and may lead to abrupt deepen-
ing of coma. Blood sugar needs to be closely monitored.
Sepsis usually complicates FHF due to leukocyte and macrophage dysfunction,
bacterial gut translocation, decreased opsonin function and complement, release of
endotoxin and cytokines, as well as iatrogenic causes such as placement of naso-
gastric tubes, catheters, and central lines. Prophylactic antibiotics are not generally
recommended, but if sepsis is suspected, cultures should be obtained and sepsis
promptly treated.

o
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V. MANAGEMENT

A. General measures. If hepatic regeneration occurs, complete recovery from FHF
is theoretically possible. The major factors that affect progression of liver injury
are intercurrent infections and respiratory and hemodynamic instability, resulting
in alterations of cerebral and hepatic perfusion. Vigorous maintenance of vital
functions and prompt identification and treatment of all anticipated complica-
tions, particularly of cerebral edema to prevent brain damage, are essential. The
patient should be treated in an intensive care unit, where monitoring personnel are
in constant attendance and prepared for emergencies.

The patient’s vital signs and cardiac rhythm should be monitored continu-
ously. A nasogastric tube, passed to decompress the stomach and monitor for
gastrointestinal bleeding, may be used as an access to give oral medicines. Close
attention should be given to the patient’s fluid balance. A urinary catheter and a
central venous catheter should be placed. It may be necessary to monitor the
plasma glucose as frequently as hourly. Hemoglobin level, blood urea nitrogen
(BUN), and electrolytes should be checked every 12 hours. Measurement of arter-
ial blood gases is essential in determining the acid-base status and oxygenation.
The usual indications for endotracheal intubation and assisted ventilation should
be observed. Frequent surveillance for infection is necessary. The prophylactic use
of antibiotics is not recommended.

Patients should not be given prophylactic infusions of fresh-frozen plasma or
concentrates of clotting factors to treat the coagulopathy without any evidence of
bleeding. Daily administration of parenteral vitamin K is appropriate. Suppression
of gastric acid secretion, maintaining the intragastric pH above 5.0, has been shown
to be effective in preventing upper gastrointestinal bleeding and reducing the
requirements for blood transfusions in patients with FHE. Hypothermia should be
avoided. In patients with delirium or convulsions, intravenous diazepam may
be used cautiously.

Acetylcysteine may be given intravenously in a dose of 150 mg/kg of
body weight in 250 mL of 5% dextrose over a period of 15 minutes and then in
a dose of 50 mg/kg in 500 mL of 5% dextrose over a period of 4 hours. This
regimen has been shown to increase survival of patients with established liver dam-
age induced by acetaminophen even when administered more than 15 hours after
the acetaminophen overdose. This beneficial effect seems to result from an increase
in tissue oxygen transport (delivery and consumption) in response to acetylcys-
teine. The beneficial effect was also seen in eight persons with FHF from other
causes.
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Penicillin and silibinin infusions may be effective in mushroom poisoning
with Amanita phalloides. Penicillin works as an antagonist of amatoxin and silib-
inin blocks hepatocyte uptake of amatoxin.

Various treatment modalities have proven ineffective in FHE. These include
exchange transfusion, insulin and glucagon infusion, prostaglandin E, infusion,
and charcoal hemoperfusion and hyperimmune globulin infusion for FHF resulting
from HBV infection.

The use of corticosteroids to reduce hepatic inflammation in patients with
FHF has not been substantiated. Corticosteroids in these patients are associated
with a significant increase in the BUN concentration thought to be caused by
steroid-augmented protein catabolism in the peripheral tissues. This situation results
in increased NH; formation in the intestine, contributing to the encephalopathy.
The immunosuppressive and ulcerogenic potential of corticosteroids may predispose
these patients to increased risk of sepsis and gastrointestinal bleeding. Currently,
corticosteroid therapy is contraindicated in the management of patients with FHE.
Nutritional support. Parenteral nutrition is essential in these very ill patients to
provide adequate calories and to minimize the obligatory protein breakdown (see
Chapter 11, section 1.2.b, and Chapter 12, section VL.D). Intravenous lipid prepa-
rations may not be well tolerated. In addition to dextrose, the total parenteral
nutrition (TPN) solutions rich in branched-chain amino acids and low in aromatic
acids and methionine are efficacious and help maintain a positive nitrogen balance.
The usual additives to the TPN solution and supplements of vitamin K (15 mg
daily), thiamine hydrochloride (100 mg twice daily), folic acid (1 mg daily), and
ascorbic acid (500 mg daily) should be given.

Treatment of hepatic encephalopathy. The main points in the treatment of

hepatic encephalopathy are to identify, correct, and treat any of the precipitating

factors and to minimize the interactions between nitrogenous substances and the
enteric bacterial flora.

1. Gastrointestinal tract cleansing. No protein or amino acids are given by
mouth. The gastrointestinal tract is evacuated by giving a balanced electrolyte
solution (e.g., GOLYTELY, NulLytely, or Colyte) or cathartics such as oral or
nasogastric instillation of magnesium citrate or lactulose and enemas with
proper positioning of the patient to fill the entire colon. If the patient has ileus,
a balanced electrolyte solution may be instilled into the duodenum via a naso-
gastric tube to clean out the small and large bowel.

2. Oral antibiotics. The enteric bacterial flora may be suppressed by oral admin-
istration of poorly absorbed antibiotics such as neomyein, which also may be
given as an enema. Oral metronidazole also may be used in the treatment of
acute and chronic encephalopathy and may be preferred because of its lack of
nephro- and ototoxicity. The combination of the two antibiotics may be even
more efficacious in some instances. A combination of lactulose and neomycin
has been used when either agent alone was unsatisfactory.

Rifaximin, a nonabsorbable gut specific antibiotic, taken orally, is a safer
and much better tolerated alternative. It compares favorably to other antibi-
otics and lactulose in the treatment of hepatic encepahlopathy.

Treatment of cerebral edema. Frequent assessment of the clinical neurologic status
using the criteria outlined in Tables 17-2 and 17-3 is necessary. Early diagnosis and
treatment of cerebral edema is essential. Papilledema is an inconstant sign. Signs of a
deteriorating brainstem, including sluggish pupillary reaction, slow oculovestibular
reflexes, or absent ciliospinal reflexes, should be serially assessed. However, these
signs are not sensitive and may be misinterpreted. Direct monitoring of intracranial
pressure through a burr hole using a stable, drift-free intracranial transducer attached
to a flat-bed recording system is desirable but not possible in all patients. As an alter-
native to direct intracranial pressure monitoring, extradural, epidural, and subdural
catheters may be used. Subdural catheter intracranial pressure monitors are thought
to be more accurate than epidural catheters. Extradural catheters may be safer and
may have fewer complications with infections and hemorrhage. Intravenous glycerol
or corticosteroids are not effective in reducing the cerebral edema of FHE.
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Intravenous mannitol (0.3-0.4 g/kg body weight) given as a 20% solution
with rapid infusion has been effective in most patients in reducing cerebral edema.
Because the response is variable and at times adverse, mannitol therapy should be
used in conjunction with intracranial pressure monitoring. Renal failure precludes
the use of mannitol in these patients. Thiopental (250 mg) infusion may be used,
but its efficacy is still controversial. When cerebral edema progresses despite med-
ical therapy, decompressive craniectomy may be considered, especially in instances
of Reye’s syndrome and acetaminophen overdose.

Temporary hepatic support, if possible, provides a desirable milieu and time for

the massively damaged liver to regenerate and resume normal function. Many dif-

ferent methods have been tried. These include exchange blood transfusions, plasma-
pheresis, and total body washout, cross-circulation with another human or animal,
dialysis using various membranes, hemoperfusion through isolated liver or liver cell
cultures, and hemoperfusion through columns of adsorbents. None of these meth-
ods has been shown to be effective in FHE. The early use of charcoal hemoperfusion
with concomitant infusion of prostacyclin to inhibit platelet aggregation and release
has been beneficial in a few patients. In dogs with acetaminophen-induced FHE, the
use of an extracorporeal liver-assist device has been associated with the reversal of

FHE. This device consists of a highly differentiated human liver cell line cultured in

a hollow fiber cartridge. Even in the presence of severe liver injury, the device used

in this trial was capable of supporting total liver function for 48 hours.

F. Liver transplantation. Liver transplantation may be a lifesaving procedure for
patients with FHE and delays in implementing this therapy can be fatal. Because
mortality and long-term morbidity of liver transplantation are substantial, early
prognostic indicators and clear guidelines are necessary to select the patients most
likely to benefit at a time in the course of their disease when liver transplantation
is still feasible. A significant relation exists between the survival of patients main-
tained with intensive medical therapy and the cause of FHE In a study involving
137 patients with FHE, the survival rate for patients with acetaminophen overdose
was 52.9%; hepatitis A, 66.7%; hepatitis B, 38.9%; and halothane or drug reac-
tions, 12.5%. In the last three instances, therefore, liver transplantation should be
considered early in the course of FHE.

In most centers, worsening hepatic encephalopathy, clinical evidence of cerebral
edema, and increasing prolongation of the prothrombin time after 24 to 48 hours of
intensive medical treatment are used as the key factors for recommending liver trans-
plantation. The 1-year survival rate for such patients after liver transplantation is
65%. The outcome of liver transplantation also depends on graft quality, because
grafts from incompatible blood groups, steatotic grafts, or partial or reduced-size
grafts do not produce as favorable results. Unfortunately, in patients infected with
hepatitis B or C viruses, the allograft also becomes infected despite interferon therapy.

Axillary liver transplantation has been introduced as an alternative treatment
option in patients with FHF caused by toxins, drugs, or vascular insufficiency. In these
patients, the native liver, which is left in place, may recover if a transplanted axillary
liver provides temporary support. In those patients who recover, immunosuppression
is withdrawn and the donor liver is left to atrophy or may be removed surgically.

In conclusion, patients with FHF require accurate assessment of their critical
condition and of the cause of the FHE, intensive medical management with strict
and persistent attention to the vital functions and complications of the disease, and
treatment of the complications as early as they are identified. Patients who are can-
didates for liver transplantation need to be identified early and transferred to the
transplantation center for early and appropriate liver transplantation.
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GASTROINTESTINAL AND HEPATOBILIARY
DISEASES IN PREGNANCY

regnant women may present with specific diseases that occur exclusively during
pregnancy as well as those that are present at the time of pregnancy and those that occur
coincidentally with pregnancy. In this chapter, only the diseases that occur exclusively in
pregnancy will be discussed.

I. HYPEREMESIS GRAVIDARUM

A. Definition and epidemiology. Hyperemesis gravidarum involves intractable vom-
iting during pregnancy that may lead to electrolyte abnormalities, dehydration,
and malnutrition. It is more common in the first trimester, in women younger than
25 years of age, and with multiple gestations. Incidence in the United States may
be as high as 6 in 1,000 deliveries.

B. Clinical findings. Patients usually present with nausea, vomiting, dysphagia,
odynophagia, epigastric pain, and dehydration. Fifty percent of patients may
have elevations in the serum aminotransaminases (alanine aminotransferase and
aspartate aminotransferase) as well as, occasionally, also of bilirubin and alkaline
phosphatase levels. There may be concomitant gastroesophageal reflux disease
(GERD) and in the severely malnourished patient, esophageal candidiasis, or her-
pes simplex virus (HSV) infection. Some patients may have hyperthyroidism.

C. Treatment. Most patients do well with intravenous hydration and antiemetics.
Some patients may require gastric acid suppressive drugs such as proton-pump
inhibitors (PPIs) or histamine receptor blockers to control GERD, and esophagi-
tis. While no formal studies of these drugs have been performed on pregnant
women, there have been no reports of adverse effects to the mothers or fetuses
during clinical use. Prokinetic drugs such as metoclopramide hydrochloride
(Reglan) 10 to 20 mg intravenously or by mouth four times daily may be used
concomitantly with PPIs. Antiemetics (i.e., ondansetron [Zofran] 4-5 mg) may
be given by mouth three to four times a day or 8 mg intravenously every 4 to
8 hours.

In refractory cases, upper gastrointestinal (UGI) endoscopy may be required
to document UGI mucosal injury due to peptic and/or infectious (candida or HSV)
concomitant disease. A minority of patients may require total or peripheral
parenteral nutrition.

Il. INTRAHEPATIC CHOLESTASIS OF PREGNANCY

A. Definition and epidemiology. A cholestatic syndrome is more commonly seen
during the second and third trimesters of pregnancy, with elevations in serum bile
acid levels but normal y-glutamyltransferase (GGT) and alkaline phosphatase lev-
els in most cases. It is more common in women with a family history of intrahep-
atic cholestasis of pregnancy (IHCP), with a history of intrahepatic cholestases
during use of estrogen or birth control pills, and with use of progesterone during
pregnancy.

B. Clinical findings. The predominant symptom is pruritus. Patients may present
with skin excoriations due to inadvertent scratching. Jaundice may follow the
onset of pruritus. Elevation of serum transaminase, cholesterol, and triglyceride
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levels may be present. For early diagnosis, the specific biochemical marker of the
change of 3B-hydroxysteroid-sulfate ratio of progesterone metabolites may be used.

. Clinical outcome. Mothers do well in nearly in all cases; however, fetal outcome

may be complicated by prematurity, prenatal death, fetal distress, and meconium
staining of the amniotic fluid.

. Treatment. Symptomatic treatment of pruritus addresses increased serum bile salt

concentration.

1. Cholestyramine resin (Questran) (4 mg, 1-4 times daily before meals) works
by intraluminal binding of bile salts.

2. Ursodeoxycholic acid (Actigall) (300 mg, 3—4 times daily) works by modifi-
cation of the serum bile acid concentrations by inhibiting the absorption of
more hydrophobic bile acids that are thought to be more pruritic.

3. Dexamethasone (2 mg per day) may be used in refractory cases. Its mode of
action is not well delineated.

Ill. ACUTE FATTY LIVER OF PREGNANCY

A.

Definition and epidemiology. In acute fatty liver of pregnancy (AFLP),
microvascular fatty infiltration of the hepatocytes leads to progressive liver
failure. Incidence in the United States is 1 in 7,000 to 15,000 deliveries. AFLP
is more common in cases of multiple gestations, male fetuses, and in first
pregnancies. It generally occurs in the third trimester, as early as 26 weeks of
gestation.

. Clinical findings. Presenting symptoms include nausea, vomiting, headache,

malaise, and abdominal pain (diffuse, right upper quadrant, or epigastric). Jaundice
may follow initial symptoms. Serum alkaline phosphatase, bilirubin, and transami-
nase levels are mildly to moderately elevated. Hyperuricemia may occur in 80% of
patients. Hypoglycemia may be present. Preeclampsia may occur in 20% to 40% of
patients. Progressive liver failure may occur with coagulopathy, encephalopathy,
and renal failure.

. Diagnosis. Diagnosis should be prompt with high clinical awareness. Abdominal

ultrasound shows diffusely increased echogenicity of the liver. Computed tomog-
raphy scan of the abdomen may be more sensitive than abdominal ultrasound.

. Treatment and outcome. Treatment is rapid delivery of the fetus. If fulminant

hepatic failure develops, liver transplantation may be lifesaving. Maternal mortality
is reported to be 8% to 18% and fetal morality 18% to 23%.

HELLP SYNDROME

A.

Definition and epidemiology. Hemolytic anemia elevated liver chemistry tests,
and low platelets. Occurs in the third trimester (25-32 weeks’ gestation) in 0.1%
to 0.6% of pregnancies. It may accompany acute fatty liver of pregnancy, pre-
eclampsia, or eclampsia. It is more common in multiparous women older than
25 years. It also may occur postpartum within 2 days of delivery or later.

. Clinical findings. Patients may complain of nausea and vomiting, epigastric pain,

headache, edema, and visual changes. Patients usually present with hypertension
microangiopathic hemolytic anemia with decreased haptoglobin levels and
increased indirect bilirubin and lactate dehydrogenase (LDH) levels and protein-
uria. Platelets may be less then 10,000/mm3. In patients with preeclampsia, a pos-
itive d-dimer test may help diagnose the onset of HELLP.

. Treatment. Initial trial of glucocorticoids maybe attempted; however, in patients

with severe symptoms and/or fetal distress, immediate delivery is indicated. Plasma
exchange may be beneficial in postpartum patients.

. Outcome. The maternal mortality rate is 1% to 3.5%, and the infant mortality

rate is 10% to 60%. There is increased risk of intrauterine growth retardation,
infant prematurity, disseminated intravascular coagulation (DIC), and thrombo-
cytopenia. There is also increased risk of maternal DIC, abruptio placentae, and



Chapter 18: Gastrointestinal and Hepatobiliary Diseases in Pregnancy 113

cardiopulmonary, renal, and hepatic failure. HELLP may recur in 4% to 27%
of cases and the risk of preeclampsia increases by 2% to 40% in subsequent
pregnancies.

V. PREECLAMPSIA AND ECLAMPSIA

A. Definition and epidemiology. Preeclampsia is a disease with hepatic hemato-
logic, renal, central nervous system, and placental-fetal involvement, characterized
by hypertension, edema, and proteinuria.

B. Eclampsia. Eclampsia differs from preeclampsia by the added complications of
seizures and/or coma that may occur after delivery. Eclampsia most commonly
occurs in primigravidas, usually in the second or third trimester (after 20 weeks of
gestation). Preeclampsia may occur in 5% to 10% of pregnancies and eclampsia in
1% to 2%. There is an increased incidence in patients younger than 20 and older
than 45 years and in those with obesity, hypertension, or diabetes mellitus.
Additional risk factors include family history of preeclampsia/eclampsia, hydatid-
iform mole, polyhydramnios, fetal hydrops, multiple gestations, inadequate pre-
natal care, and cigarette smoking. There may be a genetic inheritance pattern
involving an autosomal recessive single gene.

C. Clinical findings. Blood pressure is elevated to more than 140/90 mmHg but may
rise above 160/110 mmHg. Patients usually present with headache, visual changes,
congestive heart failure, respiratory distress, abdominal pain, and oliguria. If the
patient develops seizures or coma, eclampsia is diagnosed. Diagnosis is based on
clinical findings including elevated transaminase levels (5-100 times) with a mod-
erate increase in bilirubin level. Microangiopathic hemolytic anemia and throm-
bocytopenia may also be present.

D. Treatment. Management of patients who are remote from term is controversial,
but in those who are near term, rapid delivery is recommended.

E. Outcome. Increased perinatal morbidity and mortality in the mother and fetus
correlate with the severity of the preeclampsia and preexisting maternal medical
conditions. The most common causes of maternal death are cerebral involvement
and hepatic rupture. Risks to the fetus include fetal growth retardation, abruptio
placentae, prematurity, and low birth weight.

VI. HEPATIC RUPTURE

A. Definition and epidemiology. The partial or complete fracture of the maternal
liver is rare (1 in 50,000-250,000 deliveries) and is most commonly seen in the
third trimester of pregnancy and near term. Hepatic rupture may occur in patients
with AFLP, HELLP, preeclampsia, or eclampsia as well as in patients with hepatic,
hemangioma, abscess, adenoma, or hepatocellular carcinoma.

B. Clinical findings. Patients present with a sudden onset of severe right upper quad-
rant or diffuse abdominal pain, abdominal distention, nausea, vomiting, hypoten-
sion, and shock. Serum transaminase levels are elevated (2-100 above normal
range) with concomitant anemia, thrombocytopenia, and coagulopathy. The diag-
nosis is based on clinical findings, which may be supplemented by abdominal
ultrasound and computed tomography.

C. Treatment. Early clinical recognition and diagnosis is essential, followed by deliv-
ery of the infant and additional surgical or radiologic intervention as necessary for
the mother.

D. Outcome. The maternal mortality rate ranges from 50% to 75%, and fetal mor-
tality rate ranges from 50% to 60%.
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Specific Complaints
and Disorders







ESOPHAGEAL INFECTIONS

Zhe esophagus is rarely infected in immunocompetent persons but is a common site
of infection in patients with immune defects. Normal host defenses of the esophagus are
the salivary flow, an intact mucosa, normal esophageal motility, and normal gastric acidity
with the absence of excessive gastroesophageal reflux.

Humoral immunity including secretory IgA is important in protecting the mucosal
integrity. However, based on the observation that patients with neutropenia and obvious
defects in cell-mediated immunity have higher rates of esophageal infections, it seems likely
that a major protective mechanism in the esophagus is cell-mediated immunity.

The esophagus can be involved with infections by bacteria, fungi, and viruses. Most
esophageal infections are fungal (Candida albicans) or viral (herpes simplex virus [HSV] or
cytomegalovirus) or a combination of the two. Diagnosis of the specific etiologic agent is
essential because of the availability of effective antiviral, antifungal, and antibacterial therapy.

I. FUNGAL ESOPHAGITIS. C. albicans is the most common fungus recovered from
patients with fungal esophagitis. However, other species have been isolated and impli-
cated as etiologic agents of such infections. These are Candida tropicalis, Candida
parapsilosis, Candida glabrata, Histoplasma capsulatum, Blastomyces dermatitidis,
Aspergillus, and Torulopsis glabrata.

C. albicans is found in the oropharynx of approximately 50% of the healthy
population. It is also found in the skin and the bowel of immunocompetent persons.
Patients with defects in cellular immunity and those treated with antibiotics may have
sufficient alteration in their normal bacterial flora to have luminal candidal over-
growth. It is thought that patients with physical or chemical damage to the esophageal
mucosa (e.g., acid reflux) may be at increased risk for developing candidal overgrowth
and subsequent invasive disease. Indeed, the worst lesions visible in many instances of
Candida esophagitis are in the distal esophagus, the area most likely to suffer from
reflux damage.The mechanisms responsible for permitting mucosal adherence and
subsequent invasion are unknown.

Candidiasis is by far the most common esophageal infection. In fact, it is a rather
common disease with a varying spectrum of severity. It can be an asymptomatic inci-
dental finding during endoscopy as well as an overwhelming infection causing death.
In one study, 90% of the HIV-infected patients with oral thrush who underwent
endoscopy had mucosal lesions caused by Candida. Larger series have not confirmed
this high figure; however, many of the treatments effective for oral thrush are also
effective in most instances of Candida esophagitis, suggesting that diagnostic evalua-
tion such as endoscopy might best be reserved for patients who do not respond to initial
topical antifungal therapy.

In addition to acute manifestations of the disease, late sequelae can develop.
Mucosal sloughing caused by an intense inflammatory response, esophageal perforation,
and stricture formation have been reported.

While Candida esophagitis can occur in any patient, certain conditions seem to
predispose to it.

A. Predisposing factors. These factors include HIV infection, neutropenia, hemato-
logic and other malignancies, organ transplantation, and immunosuppressive agents
including corticosteroids, antineoplastic chemotherapy, radiation therapy, broad-
spectrum antibiotics, diabetes mellitus, renal failure, alcoholism, malnutrition, old
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age, and chronic mucocutaneous candidiasis (CMC). In CMC, esophageal candidi-
asis may occur in addition to the chronic involvement of the nails, skin, and oral
cavity. These patients have defective cellular immunity. However, since the wide use
of highly active antiretroviral therapy (HAART), the incidence of opportunistic
infections has been drastically reduced.

B. Diagnosis

1. Clinical presentation
a. Dysphagia and odynophagia. The most common symptoms of esophageal

candidiasis are dysphagia and odynophagia; fever may be present. Pain may
be substernal and radiate to the back. In some patients, odynophagia may be
experienced only when they drink hot or cold beverages, and in others, it
may be so severe that they may not be able to eat at all. The symptoms may
be absent in 20% to 50% of the patients, especially those with mild infec-
tion, patients who are severely debilitated, and those with CMC.

. Oral thrush may be present in children and in HIV-infected individuals with

esophageal candidiasis, but it is usually absent in immunocompetent adults.
The plaques adhere to the underlying mucosa but can be dislodged at
endoscopy revealing an inflamed, friable mucosa underneath. Candida can
coexist with other pathogens in up to 30% of patients, and reliance on the
endoscopic appearance alone may result in failure to identify a concomitant
viral or bacterial infection. Multiple biopsies are essential to exclude coex-
isting disorders. During endoscopy, mucosal lesions should be brushed and
submitted for cytologic evaluation and biopsied for histologic examination.
Cytologic examination of brushings is more sensitive than histologic exam-
ination of the biopsy specimens since organisms may be washed off the
mucosa in superficial Candida infections during the processing of the biopsy
specimens.

In addition to cytologic evaluation, material obtained from esophageal
brushings may be placed on a microscopic slide, and a drop of potassium
hydroxide may be added to lyse the epithelial cells. Both yeast and hyphae of
C. albicans can be demonstrated in this manner. Because mycelia are not found
in the normal esophagus, their presence in the brushings strongly suggests the
diagnosis. A Gram’s stain of esophageal brush specimens can also demonstrate
the presence of yeast, hyphae, and bacteria.

Biopsy specimens should be stained with hematoxylin-eosin to assess
the severity of the inflammation. Silver and periodic acid-Schiff stains of
biopsy specimens may confirm the presence of fungal elements.

In patients with AIDS, concomitant infection with viruses (e.g.,
cytomegalovirus, HSV) may be present. Cytoplasmic and nuclear inclusion
bodies and other findings suggestive of viral infection also should be looked
for in both biopsy and brush specimens. Figure 19-1 is an algorithm that
may be used as a diagnostic approach.

2. Diagnostic studies
a. Endoscopy. Fiberoptic endoscopy is the most useful method in the diagno-

sis of Candida esophagitis. Direct observation of the esophageal mucosa
may allow the differentiation of Candida esophagitis from other infections
(e.g., herpes) and from varices, carcinoma, or peptic disease, which may
have a similar radiologic picture. The endoscopic appearance of esophageal
candidiasis is graded on a scale from I to IV. The lesions range from small
raised white plaques to ulceration and confluent plaque formation appear-
ing as friable pseudomembranes.

. Radiologic studies. If a barium swallow is performed, the esophagram is

normal in most patients. When radiologic abnormalities are found, the
infection is usually severe. A double-contrast esophagram may increase the
yield of positive findings. The esophagus usually has a “shaggy” appear-
ance due to superficial ulcerations, but deep ulcerations may also be
present. Abnormal motility with diminished peristalsis and occasional
spasm may be seen. Esophageal stricture is commonly present in CMC.
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Odynophagia
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Antifungal therapy Endoscopy + biopsy

!
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Continue antifungal therapy

Figure 19-1. Algorithm depicting diagnostic approach in patients with suspected fungal esophagitis.

This may be a focal narrowing in the upper esophagus or may involve the
entire length.

C. Treatment
1. Before the initiation of any specific therapy for esophageal candidiasis, the

2.

underlying predisposing factor should be identified.

Patients with AIDS and mild-to-moderate symptoms who have oral thrush may
be treated initially with one of the topical agents such as nystatin (Mycostatin)
suspension, clotrimazole troches, or one of the “azoles” may be an alterna-
tive form of therapy before undergoing a diagnostic procedure (Table 19-1).

. Patients with leukopenia or with severe symptoms or systemic signs should

undergo endoscopy to obtain biopsy and brushing specimens for fungi, viruses,
and bacteria.

. Orally administered systemic antifungal agents include the azoles and polyene

antibiotics. The most commonly used azoles include ketoconazole (Nizoral),
fluconazole (Diflucan), and itraconazole (Sporanox). All are effective in treat-
ing esophageal candidiasis.

Ketoconazole may be used at high doses. However, its gastrointestinal
side effects; decreased absorption in achlorhydric patients or patients on acid
antisecretory drugs such as histamine-2 (H,) blockers, proton-pump inhibitors,
and prostaglandin analogs; and hepatotoxicity may limit its usefulness.

Fluconazole is extremely efficacious in treating oral candidiasis and Candida
and other fungal esophagitis with or without tissue invasion. Fluconazole may be
administered via oral or parenteral routes. Its oral absorption is efficient and does
not require the presence of gastric acid. It is minimally metabolized and excreted
by the urine. Drug interactions have been demonstrated between fluconazole
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I Available Agents for the Treatment of Fungal Esophagitis

Agent

Treatment schedule

Topical
Nystatin

Systemic

Clotrimazole 1 troche (10 mg) 5 times daily for 5-10 days

Amphotericin B 0.3-0.6 mg/kg/d intravenously
Ketoconazole 200-400 mg once daily, orally for 5-10 days
Fluconazole 50-200 mg once daily, orally for 5-10 days

ltraconazole 200 mg once daily for 5-10 days

1-3 million units (10-30 mL) 4-5 times daily; swish
and swallow for 5-10 days

100-200 mg twice daily intravenously for 5-10 days

(and the other azoles) and other medications, including phenytoin, oral antico-
agulants, sulfonylureas, cyclosporin A, rifampin, and barbiturates. Fluconazole
augments the effects of warfarin, necessitating careful observation of patients
receiving both of these agents. Fluconazole may increase serum levels of
cyclosporin A. Serum cyclosporin A and creatinine levels must be monitored
carefully in patients receiving both of these drugs. Fluconazole and the other
azoles also appear to increase the serum levels of phenytoin and oral hypo-
glycemic agents. Fluconazole appears to have minimal antisteroidogenic effects
in humans at currently recommended doses. This results from fluconazole highly
specific affinity for fungal cytochrome P-450 enzymes, with virtually no affinity
for the mammalian system. This is an important advantage of fluconazole over
ketoconazole in patients with AIDS, who often have adrenal insufficiency sec-
ondary to adrenal cytomegalovirus (CMV) infection.

Itraconazole has a longer half-life than ketoconazole, but its absorption
is also reduced by hypochlorhydria. These two azoles are metabolized by the
liver and excreted in the bile. Dose adjustments are not required in the patient
with renal failure. Total treatment dosage is about 100 to 200 mg.

. Intravenous (IR) amphotericin B should be considered in symptomatic

patients who fail to respond to the above regimen and in those in whom sys-
temic involvement is suspected. In the absence of systemic Candida infection,
a low-dose regimen of 10 to 20 mg per day for 10 days may be given. The
dosage may be increased if the patient does not respond favorably. If systemic
infection is present, the dosage should be increased gradually to 0.5 mg/kg per
day. Most patients are treated for 6 weeks. The major serious side effect of
ampbhotericin is renal toxicity, which is usually reversible.

. A major problem in the treatment of esophageal candidiasis is relapse after

therapy is discontinued, especially in patients with AIDS, in whom immuno-
suppression is unrelenting. If the underlying predisposing factors persist, the
chances for permanent cure are low, and maintenance therapy may be neces-
sary (e.g., fluconazole 100 mg/day). However, in patients with reversible
predisposing conditions (e.g., radiotherapy, steroid use), a single course of
therapy for 10 to 21 days should be successful.

. Nutritional support of the patient is very important. If the patient can swal-

low, the diet should be supplemented with liquid enteral formulas to ensure
that adequate calories are received. If the patient is unable to swallow, par-
enteral nutrition should be given until the patient can receive enteral feedings.

Il. VIRAL ESOPHAGITIS is also a common esophageal disorder, especially in immuno-
compromised patients, which may clinically mimic Candida esophagitis. The herpes
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viruses are the most common etiologic agents of viral esophagitis, with HSV and CMV

predominating. In patients with AIDS, Epstein-Barr virus (EBV), varicella zoster

virus, and HIV-1 also have been implicated in esophageal ulcerations.

A. HSV esophagitis. Herpetic esophagitis may be seen in healthy, normal individu-
als, especially after strenuous physical exertion and stress. The infection in such
individuals is self-limited and resolves in approximately 7 to 10 days. Recovery
generally indicates intact humoral and cellular immunity. Persistence or recurrence
of the disease may be a sign of acquired immunodeficiency, requiring further
workup of the patient.

1. Predisposing factors

a. Imnmunocompromise
i. Malignancy, mainly of the hematopoietic and lymphoreticular systems
ii. Transplantation

iii. Immunosuppressive drugs, steroids
v. Antineoplastic chemotherapy
v. AIDS
b. Severe debilitation
i. Elderly
ii. Burns

c. Antecedent trauma
i. Nasogastric tubes

ii. Tracheal intubation

iii. Gastroesophageal reflux disease and peptic esophagitis

2. Diagnosis
a. Clinical presentation. Herpetic infection of the esophagus usually presents

as a triad of fever, odynophagia, and substernal pain that increases with

feeding. The pain may radiate to the back. Patients may complain of pain
on palpation of the xiphoid process. Gingival stomatitis may be present.

Disseminated HSV infection is seen in 30% of the patients. Multiple organ

involvement with the virus (e.g., gastric and respiratory infection) is usually

life-threatening. Simultaneous infection with other organisms (bacteria,
fungi, and other viruses) is common. Severely debilitated patients may not
complain of pain; therefore, a high index of suspicion should be present if
these patients have dysphagia and decreased oral intake.

b. Diagnostic studies

i. Endoscopy. Endoscopic examination of the esophagus is the preferred
diagnostic approach in these patients. Biopsies and brushings of the
affected mucosa should be obtained. Biopsies should be obtained from
the edge of the ulcers.

a) The endoscopic appearance varies according to the stage of the viral
infection.

1) Early—vesicles of various sizes.

2) Mid—small, punched-out superficial ulcers covered with yellow,
fibrinous exudates.

3) Late—coalescing ulcers forming a diffuse, erosive esophagitis
with large areas of shallow ulceration.

b) The lesions often become overgrown with Candida and bacteria.
The virus may be cultured from ulcer margins and vesicles. A smear
of the ulcer base should be processed for Candida. Histologically,
the epithelial cells at the border of the ulcers contain inclusion bod-
ies. The chromatin of the infected nuclei is displaced toward the
periphery of the nucleus, giving a “rim” appearance. Multinucleated
giant cells are often present.

ii. Barium swallow. Double-contrast radiography may show ulcers or
plaques. The picture may be indistinguishable from that of Candida
esophagitis.

c. Diagnosis of herpes esophagitis is often difficult because the characteristic
nuclear inclusions or multinucleate giant cells of HSV infection may be
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absent in endoscopic biopsy specimens. Immunoperoxidase and in situ
hybridization techniques may be used to detect the HSV when nuclear inclu-
sions are not readily apparent in infected epithelium. In situ hybridization
and immunoperoxidase techniques should be used also to detect other viruses
such as CMV, Epstein-Barr, and HIV-1. The diagnosis of HSV esophagitis
may still be missed when no infected epithelium is present in the biopsy spec-
imen. The presence of aggregates of large mononuclear cells (macrophages)
with convoluted nuclei adjacent to infected epithelium in the exudates of her-
petic esophagitis seems to be a characteristic inflammatory response in ulcer-
ative herpetic esophagitis. The presence of these mononuclear cells in a
biopsy specimen that initially does not show herpetic inclusions warrants
additional studies to rule out herpes virus infection.

d. Both brushings and biopsy specimens may be cultured for HSV to increase
the diagnostic yield.

3. Treatment

a. Supportive measures. Patients may benefit from viscous lidocaine swal-
lows for local anesthesia, especially before eating. Patients who have severe,
unremitting odynophagia may require intravenous hyperalimentation.

b. Acyclovir (Zovirax) has been shown to be effective in the prompt resolution
of symptoms. The dosage used is usually 6.2 mg/kg intravenously every 8
hours, for a 10- to 14-day course. Acyclovir 200 mg, five times a day by
mouth, may be used in mild-to-moderate disease.

Valacyclovir (1,000 mg three times a day for 7 days) and famciclovir
(500 mg orally twice a day for 7 days) seem to have similar efficacy as acy-
clovir, but may be administered three times a day.

B. Cytomegalovirus esophagitis. CMV is one of the most common opportunistic

infectious agents causing disease in patients with AIDS. In the gastrointestinal
tract, it most often infects the colon and esophagus.
1. Clinical presentation. CMV esophagitis may mimic HSV, Candida, and peptic

esophagitis. Patients may seek treatment for odynophagia, dysphagia, fever,
nausea, vomiting, or decreased oral intake. Hemoptysis, hematemesis, melena,
or esophageal perforation and sepsis may occur.

. Diagnostic studies

a. Endoscopy. The endoscopic appearance of CMV esophagitis may resemble
that of HSV or Candida esophagitis. Discrete, deep ulcers may be present.
Biopsies should be taken from the center of the lesions.

b. Pathology. Histologic diagnosis of CMV infection is made with hema-
toxylin-eosin stain by identifying typically enlarged cells with characteristic
intranuclear and intracytoplasmic inclusion bodies. More sensitive tech-
niques such as in situ DNA hybridization and immune histochemical stain-
ing using CMV-specific antibodies have increased the diagnostic yield.
Infected cells are often identified in the granulation tissue and in stromal
papillae of the mucosa and the endothelium, but never in the squamous
epithelium. Thus, deep biopsies are necessary for diagnosis.

Viral cultures of the brushings and biopsies should be done to increase
the diagnostic accuracy and yield. Because multiple infections may coexist in
these patients, other agents such as bacteria, fungi, and other viruses should
be excluded.

. Treatment. Ganciclovir sodium (5 mg/kg IV body weight twice daily for 14-21

days) has been used successfully in severely ill patients with improvement in the
symptoms of esophagitis. However, patients may require long-term maintenance
therapy and are subject to the myelosuppressive toxicity of the drug. Foscarnet
(foscavir) (60 mg/kg IV or 90 mg IV twice a day) is used in refractory diseases
or when side effects of gancyclovir sodium are limiting. It is effective in clinically
resistant cases of CMV. Its major side effect is reversible renal insufficiency.
Cidofovir, due to its long half-life, may be administered once weekly. It also
causes reversible renal insufficiency. Relapse rate is 50% in patients with AIDS,
especially those who are not on HAART.
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IIl. IDIOPATHIC ESOPHAGEAL ULCER (IEU) related to primary HIV infection. Large,
deep ulcers resembling CMV or HSV ulcers may occur in patients with AIDS and,
when other etiologies are excluded are attributed to HIV. Endoscopic cure may be
obtained with treatments with oral prednisone or thalidomide.

IV. BACTERIAL ESOPHAGITIS may be a distinct clinical and pathologic entity in
immunocompromised patients. In a neutropenic patient with either fever or a bac-
teremia of unknown source, esophagitis must be considered as a possible cause. In
some patients with bacteremia, the same organism may be seen on endoscopic biopsy
specimens from the esophagus. Most of the organisms isolated from tissue specimens
and blood in these patients are gram-positive cocci or rods and enteric gram-negative
bacilli. Antibiotics should be directed at the specific pathogen isolated.

V. ESOPHAGEAL TUBERCULOSIS. Involvement of the esophagus with tuberculosis
is rare. The condition may result from reactivated lung disease or direct extension of
the infection from adjacent mediastinal or hilar lymph nodes, vertebral bodies, aortic
aneurysms, pharynx, or larynx. Disease can also occur when a patient with active pul-
monary tuberculosis swallows large numbers of organisms that colonize preexisting
mucosal disease. However, most patients with tuberculous esophagitis have no evi-
dence of active pulmonary involvement on chest x-ray.

A. Clinical presentation. Epigastric pain and dysphagia are the most common pre-
senting symptoms. The symptoms in some patients are vague and nonspecific.
B. Diagnosis
1. Radiologic findings are usually diverse and may include extrinsic compression
by lymph nodes, ulceration, and stricture resembling esophageal malignancy.
2. Endoscopy. The endoscopic lesion is ulcerative, with shallow, smooth edges;
granular with small mucosal miliary granulomas; or hyperplastic, with fibrosis,
luminal narrowing, and stricture formation. Biopsies may show caseating gran-
ulomas with or without acid-fast bacilli.
3. Sputum cultures may grow Mycobacterium tuberculosis even in patients with
normal chest x-rays.
4. An intermediate-strength tuberculin skin test is usually positive and should
be compared with other, control antigens.
C. Treatment. A 9-month course of multidrug regimen including isoniazid, rifampin,
and ethambutol hydrochloride has been used to cure esophageal tuberculosis.

Selected Readings

Bini EJ, et al. Natural history of HIV-associated esophageal disease in the era of protease
inhibitor therapy. Dig Dis Sci. 2000;45:1301-1306.

Denning DW. Echinocardin anti fungal drugs. Lancet. 2003;362:1142-1452.

Kearney DJ, et al. Esophageal disorders caused by infection, systemic illness, medications,
radiation and trauma. In: Feldman M, Freedman LS, Schlessinger MH, eds. Philadelphia:
WB Saunders; 2002:623-646.

Keate RF, et al. Lichen planus: Report of three patients with oral tacrolimus or
intraesophageal corticosteroid injection or both. Dis Esophagus. 2003;16:47-53.

Pappas PG. et al. Guidelines for treatment of candidias. Clin Infect Dis. 2004;38:161-189.

Ramanthan J, et al. Herpes simplex esophagitis in the immunocompetent host: An overview.
Am | Gastroenterol. 2000; 95:2171-2176.

Rebolic AC, et al. Anidula fungia versus flucarazole for invasive candidiasis. N Eng | Med.
2007;356:2472-2482.

Walsh TJ. Echinocardins—an advance in the primary treatment of invasive candidiasis.
N Eng | Med. 2006;354:1215-1256.



GASTROESOPHAGEAL REFLUX DISEASE

I. DEFINITIONS

A.

Gastroesophageal reflux (GER) occurs when gastric contents escape into the
esophagus. This process may or may not produce symptoms. The most common
symptoms are heartburn, regurgitation, chest pain, and dysphagia.

. Reflux esophagitis can be defined as esophageal inflammation caused by refluxed

material.

. Gastroesophageal reflux disease (GERD) includes the constellation of symp-

toms and consequences to the esophagus from reflux damage.

Il. PATHOGENESIS. The extent and severity of esophageal injury due to GER depend on
the frequency and the duration of esophageal exposure to the refluxed material, the
volume and potency of gastric juice available for reflux, and the ability of the
esophageal mucosa to withstand injury and to repair itself.

The pathogenesis of reflux esophagitis or GERD is a multifactorial process. The

following factors all contribute to the development of GERD:

A.
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Antireflux mechanisms. A positive pressure gradient exists between the abdomen
and the thorax. If there were no physiologic barrier at the area of the gastro-
esophageal junction, GER would occur continuously, especially with increases in
intraabdominal pressure or changes in gravitational position and during events
associated with abdominal muscle contraction, such as coughing, sneezing, strain-
ing, bending, turning in bed, and exercise. The antireflux barrier can be divided
into two categories.

1. Anatomic factors extrinsic to the lower esophageal sphincter (LES) that
augment the LES to prevent GER include a distal esophageal mucosal flap,
the acute esophagogastric angle, compression of the esophagogastric junction
by gastric sling fibers, the diaphragmatic crus acting as pinchcock, a hiatal tun-
nel, the sling action of the right diaphragmatic crus, and the intraabdominal
junction of the esophagus. The longer the intraabdominal segment, the less
likely reflux is to occur.

The presence of hiatal hernia with loss of the abdominal esophageal seg-
ment supported by the diaphragm and the normal acute esophagogastric angle
may lead to GER. However, a direct causal relationship has not been found
between hiatal hernia and GER. Nevertheless, a hiatal hernia generally (90%)
accompanies reflux esophagitis. It is possible that hiatal hernia enhances the
likelihood of LES dysfunction due to the loss of angulation at the esopha-
gogastric junction and the direct transmission of intragastric pressure to the
infrathoracic LES. Also, the hiatal hernia may act as a reservoir of refluxate
and impair esophageal clearance in the recumbent position, thus promoting
esophageal injury.

2. The closure strength and efficacy of LES
a. LES corresponds to the 2- to 4-cm zone of asymmetrically thickened smooth

muscle at the esophagogastric junction.

b. LES maintains a high-pressure tone during resting conditions and relaxes
with swallowing, esophageal distention, and vagal stimulation. These prop-
erties are independent of the diaphragm and persist even when the LES is
in the thorax, as in patients with hiatal hernia.
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. LES is innervated by both excitatory and inhibitory autonomic nerves

carried in the vagi to the esophageal plexuses. The major function of the
LES inhibitory nerves is to mediate sphincter relaxation in response to
swallowing.

. LES pressure (LESP) is controlled by neural (most likely cholinergic), hor-

monal, and myogenic factors.

. Resting LES pressure is not constant and varies from minute to minute in

the awake state. During sleep, this variability is diminished.
The intrinsic tone (the resting LESP) is one of the major factors that prevent
spontaneous GER.

. In general, patients with GER have lower LESPs than controls. A minimum

resting LESP in the range of 6 to 10 mmHg prevents GER even during tran-
sient increases in intraabdominal pressure.

. Changes in resting LES pressure occur throughout the day, especially during

the postprandial period. In addition, transient episodes of LES relaxation
occur not only in response to swallowing but also spontaneously, a process
referred to as “inappropriate LES relaxation” or “transient LES relaxation”
(TLESR). In “physiologic refluxers,” most reflux events occur during the
relaxation events. In “pathologic refluxers” (i.e., patients with reflux dis-
ease), other mechanisms of reflux also occur, including gradual decreases in
resting pressure and episodes of increased intragastric pressure. However,
most reflux events continue to occur during TLESR.

TLESR appears to represent a physiologic response to increased gastric
distention to relieve intragastric pressure.
Some GER occurs in all individuals with normal or lower-than-normal LESP
throughout the day. The frequency of GER increases for 2 hours postpran-
dially. However, patients with esophagitis have significantly more and longer
episodes of GER than controls.

. Low resting LESP seen in patients with esophagitis may be primary or sec-

ondary to injury from reflux and inflammation.

. LESP is affected by various drugs and hormones (Table 20-1). Avoidance of

agents that decrease the LESP and use of agents that increase LESP can be
helpful in diminishing GER symptoms and esophageal damage.

B. Gastric factors
1. Gastric volume

a.
b.
c.

The occurrence of GER depends on an available reservoir of gastric fluid.
The probability and rate of GER are related to gastric volume.

The rate of reflux and the volume of the refluxate increase with incre-
mental increases in gastric volume, intragastric pressure, and the pressure
gradient between the stomach and the esophagus.

. Gastric volume is determined by several factors.

i. Volume and composition of ingested materials
ii. Rate and volume of gastric secretion
ili. Rate and efficiency of gastric emptying
iv. Frequency and volume of duodenogastric reflux

. One or more of the factors in d that favor an increase in gastric volume also

favor the occurrence of GER.

. Pyloric channel or duodenal ulcers may result in delayed gastric emptying

and predispose to increased GER and GERD.

. Delayed gastric emptying due to neuromuscular abnormalities such as in

collagen vascular diseases, diabetes mellitus, and hypothyroidism or mechan-
ical gastric outlet obstruction may also predispose to GERD.

2. Irritant potency of the refluxed material

a.

b.

The composition of the material refluxed into the esophagus is important
in determining the nature and extent of esophageal injury.

Gastric acid causes esophageal injury by protein denaturation and back dif-
fusion of hydrogen ion into deeper layers of the esophageal wall to cause
deeper injury.
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Agents Affecting Lower Esophageal Sphincter Pressure

Increase LESP

Decrease LESP

Gastrin
Pitressin

Angiotensin Il

Cholinergics (e.g., bethanechol)
Gastric alkalinization
Metoclopramide
Anticholinesterases

Protein meal

Prostaglandin F,,

Secretin

Cholecystokinin

Glucagon

Vasoactive intestinal polypeptide
Progesterone (birth control pills)
Theophylline

Caffeine

Gastric acidification

Fatty meals

Chocolate (xanthines)
Carminatives (spearmint, peppermint)
Smoking

Ethanol

a-Adrenergic antagonists
B-Adrenergic agonists
Anticholinergics

Calcium channel blockers
Nitrates

Prostaglandin E,, prostaglandin A,
Morphine, meperidine

Diazepam, other benzodiazepines

LESP, lower esophageal sphincter pressure.

C. Esophageal clearance

1. The severity of esophageal injury from GER depends on the irritant potency

2.

c. Pepsin, a protease, digests esophageal epithelial intercellular substance,
causing shedding of epithelial cells.
Duodenogastric reflux, especially postprandially, introduces bile salts
and pancreatic enzymes into the stomach, which may then reflux into the
esophagus. Bile salts may result in micellar dissolution of the lipids in the
esophageal epithelial cell membranes and increase the permeability of
the esophageal mucosa to hydrogen ion back diffusion. Pancreatic enzymes
may cause proteolytic injury.
. Pancreatic digestive enzymes and bile salts may be the significant agents
of esophageal injury in patients with gastric hypochlorhydria and near-neu-

d.

of the refluxed material and its contact time with the esophagus.

The rate of esophageal clearance determines the duration of the exposure of

the esophageal mucosa to the refluxed material.

. Esophageal clearance of the refluxed material involves three mechanisms:

a. Volume clearance involves the emptying out of the esophagus of the vol-
ume of the refluxed material. It is facilitated by gravity, esophageal motor
activity, and salivation.

i. Normal esophageal motor activity (peristalsis) is required for
esophageal clearance.

ii. Primary peristalsis is initiated by swallowing, and the contraction
wave progresses in a sequential fashion throughout the entire length of
the esophagus, resulting in esophageal emptying into the stomach.
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Normally, primary peristalsis occurs about once a minute while an indi-
vidual is awake. It is the main esophageal motor event that clears the
esophagus of refluxed material. The absence of swallowing and esoph-
ageal peristalsis during sleep impedes esophageal clearance of refluxed
material and predisposes to esophageal injury. Similarly in patients with
abnormal esophageal motility, increased nonperistaltic contractions lead
to increased reflux injury to the esophagus.

iii. Secondary peristalsis is clicited with distention of the esophagus by
a bolus of food or refluxed fluid. It has a limited effect on volume
clearance, because it does not result in a complete stripping peristaltic
wave.

b. Acid clearance involves the disappearance of the hydrogen ion from the
esophageal mucosa after the reflux of acid fluid. It is accomplished by a
neutralizing action of swallowed saliva.

c. Saliva is the third factor that contributes to esophageal clearance.

i. Normal awake individuals generate 0.5 mL of saliva per minute.

ii. Salivation stops during sleep.

. Salivation stimulates swallowing.

iv. Stimuli that increase salivary secretion include sucking, eating, intu-
bation, and cholinergic agents.

v. Under basal conditions, saliva has a pH of 6 to 7 due to the presence
of bicarbonate ion as the major buffer.

vi. During stimulation, both the salivary volume and the bicarbonate ion
concentration increase.

vii. Normal salivary flow effectively neutralizes small volumes (<1 mL)
of refluxed acid.

viii. Salivation, by promoting swallowing and primary stripping peristal-
sis, clears the esophagus of the main volume of the refluxed material.
Subsequently saliva itself clears the acid from the esophageal mucosa
by its neutralizing action.

ix. Diminished salivation, primary (e.g., in Sjogren’s syndrome) or sec-
ondary (e.g., due to anticholinergic drugs) causes delayed acid clear-
ance and promotes esophageal injury.

D. Tissue resistance of the esophageal mucosa. The esophageal mucosa itself
has intrinsic protective mechanisms that resist and limit mucosal injury.
1. Preepithelial defenses

a.

The luminal surface of esophageal epithelium is lined by a layer of mucus

that serves as both a lubricant and a protective barrier against noxious and

irritant luminal contents. This viscous gel layer prevents large protein mole-
cules like pepsin from contacting the underlying epithelium directly and
slows down hydrogen ion back diffusion.

. Underneath the mucous layer, there is an area of low turbulence called the
unstirred water layer, which is rich in bicarbonate. This layer establishes a
protective alkaline microenvironment on the epithelial surface, neutralizing
the hydrogen ion that penetrates the mucous layer.

. Mucus and bicarbonate are secreted by salivary glands and submucosal

glands located just below the upper esophageal sphincter and near the

esophagogastric junction. The rate of secretion of these glands increases
with vagal stimulation and with prostaglandins.

2. Postepithelial defenses. As in all tissues, adequate blood flow and normal

ti
B

ssue acid—base status are essential for the maintenance of a healthy epithelium.
lood flow provides the epithelium with oxygen, nutrients, and bicarbonate

(HCO;™) as buffer and removes injurious waste products.
E. Epithelial regeneration. Despite the intrinsic ability of the esophageal mucosa to

resis

t injury, prolonged exposure to noxious substances results in epithelial cell

necrosis. Cell death further increases epithelial permeability, setting up a vicious cir-
cle for further damage. The replicating cells of the stratum basale along the base-
ment membrane need to be protected for epithelial regeneration. The destruction of
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this layer appears to be necessary for the development of esophageal ulcers, stric-
tures, and Barrett’s epithelium. There is evidence that epithelial cell turnover and
replication is increased after hydrogen (H*) injury. Basal cell hyperplasia seen in
mucosal biopsies of patients with reflux esophagitis lends further support to this
finding. Normal turnover rate for esophageal epithelium is 5 to 8 days. This rate
seems to be increased to 2 to 4 days with injury. This will allow for epithelial
renewal and repair in a short time if further injury is prevented.

Summary. Patients with reflux esophagitis have heterogeneous abnormalities that
contribute to the development of esophagitis. Because patients have different
underlying abnormalities responsible for their reflux esophagitis, correct diagnosis
of the specific abnormalities involved allows for designing and selecting appropri-
ate therapy. Thus, therapy may be individualized and directed toward increasing
the LES pressure, enhancing esophageal clearance, promoting salivary output,
improving gastric emptying, suppressing gastric acidity, binding bile salts and pro-
teolytic enzymes, and promoting intrinsic epithelial defenses. Nighttime GER is
most deleterious to the esophageal mucosa and it should be considered with each
patient and addressed therapeutically.

Ill. DIAGNOSIS
A. Clinical presentation. The prevalence of heartburn, the most common clinical

manifestation of GER, is difficult to determine. Most people consider this sensa-

tion normal and do not seek medical attention. It is estimated that at least one

third to one half of the U.S. population experience heartburn at least once a month
and up to 20% of the population experience heartburn daily. The most common
symptoms of GERD are as follows:

1. Heartburn (pyrosis). A substernal burning pain, radiating upward. Ingestion
of antacids usually relieves this symptom within 5 minutes.

2. Regurgitation. Reflux of sour or bitter material into the mouth usually at
night, while lying down, or when bending over. It suggests severe reflux.

3. Dysphagia. Difficulty in swallowing. Dysphagia usually indicates a narrowing
or stricture of the esophagus; however, it may occur due to inflammation and
edema, which may resolve with aggressive medical therapy of the GERD.

4. Odynophagia. Pain on swallowing, which sometimes accompanies severe
esophagitis.

5. Water brash. Filling of the mouth suddenly with a clear, slightly salty fluid,
which comes in large quantities. The fluid is not refluxed from the stomach but
is secreted by the salivary glands in response to GER.

6. Chest pain. Resembling angina of cardiac origin, chest pain is an atypical pre-
sentation of GERD. This pain may result from acid-induced irritation of the
nerve endings in the elongated rete pegs protruding into the surface epithelium
or from GER-induced esophageal spasm or GER-induced angina pectoris.

In a study of the cardiovascular effect of reflux, esophageal acid perfusion
produced an increase in cardiac workload in patients with angiographically
proven coronary artery disease. Some patients had ischemic changes on elec-
trocardiography during acid perfusion. This suggests that esophageal and car-
diac disease not only may coexist, but also may interconnect. The standard
clinical approach aimed at distinguishing between esophageal and cardiac pain
may represent a serious oversimplification.

7. Hemorrhage may be the first clinical manifestation of esophagitis. It may be
brisk, bright red, or slow and may result in iron-deficiency anemia.

8. Pulmonary symptoms may be the only manifestation of GER and include
chronic cough, hoarseness of voice, wheezing, hemoptysis, asthma, and recur-
rent aspiration pneumonia. Although it is often assumed by clinicians that pul-
monary symptoms associated with reflux result from aspiration, reflux may
increase airway resistance without aspiration, apparently through vagus-mediated
neural reflexes.

9. Other symptoms such as sleep apnea, poor sleep/insomnia, and daytime
sleepiness may result from nighttime GER.
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B. Diagnostic studies. When a patient describes recurrent retrosternal burning or
regurgitation that is worse after eating, lying down, or bending but is relieved with
antacids, clinical diagnosis of GERD can easily be made. However, when the pre-
sentation is atypical and GERD is suspected, further testing may be required to
establish the diagnosis and determine the severity and extent of the disease.

1. Usefulness of tests in GERD. The tests of GERD can be divided into three
subgroups.
a. Tests indicating possible GER
i. Barium swallow, upper gastrointestinal (GI) series

ii. Endoscopy

iiil. Manometry, measurement of LES pressure
b. Tests showing results of GER

i. Bernstein test
ii. Endoscopy
iii. Mucosal biopsy
iv. Double-contrast barium esophagram
c. Tests measuring actual GER
i. Barium swallow and esophagram
ii. Standard acid reflux test
iii. Prolonged pH monitoring of the esophagus
iv. GE scintiscan

2. Barium esophagram and upper Gl series. Radiologic examination of the
esophagus, stomach, and proximal duodenum is one of the first and most
common tests ordered in patients with upper GI complaints. The demonstra-
tion of barium reflux during this study is not specific, and many patients with
GERD may not show reflux during the time of study.

GER damage to the esophageal mucosa is usually not detected by single-
contrast esophagrams. The double-contrast studies may not show mild degrees
of inflammation but are more sensitive for severe grades of esophagitis. Positive
signs include contour irregularity, erosions, ulcerations, longitudinal fold thick-
ening, incomplete esophageal distensibility, and stricture formation. An upper
GI series will also help to rule out other upper gastrointestinal lesions, such as
peptic ulcer disease. It is a poor test in assessing esophageal motor dysfunction
but should be obtained in all patients with dysphagia to look for anatomic
causes.

3. GE scintiscan. In this test, 300 mL of normal saline containing technetium
99m-sulfur colloid is placed into the stomach, and counts over the stomach
and esophagus are measured at 30-second intervals while abdominal pressure
is increased incrementally using an abdominal pressure cuff. A reflux index is
calculated as the number of counts over the esophagus for given 30-second
intervals as a percentage of the number of counts initially present over the
stomach. The sensitivity and specificity are considered to be 90%. Because
external pressure is applied to the abdomen, however, it is not certain that this
technique approximates the physiologic situation.

4. Esophageal manometry has limited usefulness in the routine evaluation of
patients with GERD. It is helpful in evaluating the atypical patient with chest
pain, patients in whom medical therapy has failed, and those being considered
for antireflux surgery. It is a poor test in predicting GER unless the LES pres-
sure is less than 6 mmHg.

5. High-resolution manometry (HRM) offers a more precise and more complete
observation of esophageal motor function from the pharynx to the LES and
more accurate sphincter and peristaltic pressures.

6. Prolonged pH monitoring. In recent years, prolonged esophageal pH moni-
toring has become the gold standard for measurement of acid GER. This test
provides the most physiologic measurement of acid reflux over 12 to 24 hours
in relation to meals, body position, activity, and sleep.

A pH electrode is placed 5 cm above the LES, and the pH is charted elec-
tronically by a system similar to the Holter monitoring of cardiac rhythm.
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10.

11.

Patients follow a normal diet with the exception of foods with pH below 5.0.

Patients are asked to write down their symptoms and their body position

(upright or supine) during the test period. Reflux is defined as the point at

which the pH drops to less than 4.0. Each patient’s reflux status is assessed by a

composite score that incorporates six components:

. Percentage of time of total acid exposure of the esophagus.

. Percentage of acid exposure in upright and recumbent positions.

. Presence of reflux episodes.

. Total number of reflux episodes.

. Number of reflux episodes longer than 5 minutes.

. The longest reflux (time). This test is excellent in identifying acid GER but
does not detect “alkaline” reflux. Prolonged pH monitoring has also been
helpful in documenting the suspected association between GER and pul-
monary disease.

Wireless pH monitoring (Brano) device which is placed endoscopically in
the distal esophagus allows for prolonged monitoring (2—4 days) and better
understanding of the day-to-day variability of GER as well as assessing the
effectiveness of acid suppressive therapy without performing a second test.
Multichannel intraluminal impedance (MII) is used to assess GER, esopha-
geal bolus transit (peristaltic function), and the proximal extent of the reflux
event. MII may be used in combination with esophageal manometry and
pH testing. It is helpful in documenting GER regardless of the pH of the
refluxate.
Esophagogastroduodenoscopy and mucosal biopsy. Flexible fiberoptic
endoscopy has become the most widely used method to examine the mucosal
surface of the esophagus for evidence of esophagitis. Endoscopic forceps biop-
sies are adequate for evaluating histologic changes of GERD. Even when
endoscopic appearance of the esophagus is normal, histologic examination of
the biopsies may confirm the presence of GERD.

Findings of esophagitis by endoscopy are as follows:

a. Mild. Erythema; edema of the mucosa with obliteration of small, linear
blood vessel; mild friability; and increased irregularity of the Z line.

b. Moderate-severe. Round and longitudinal superficial ulcers or erosions,
diffusely hemorrhagic mucosa with exudates, and deep, punched-out
esophageal ulcers and strictures.

Histology. In patients with GERD, there is a hyperplasia of the basal cell layer
of the squamous epithelium. This layer constitutes more than 15% of the
epithelial thickness. The dermal papilla extends more than 65% of the dis-
tance to the epithelial surface. Polymorphonuclear leukocytes and eosinophils
may be seen in the lamina propria and may invade the epithelium. Ingrowth
of capillaries is also seen in the lamina propria.

In about 10% to 20% of the patients with chronic GERD, a specialized
columnar metaplastic epithelium (Barrett’s epithelium) is present. Endoscopic
examination of the stomach and the duodenum can rule out other possible
lesions in these areas.

Summary. For the diagnosis of GERD, most patients with the classic symp-

toms of GERD of heartburn or regurgitation are given an empiric trial of

medical therapy without further investigation. Endoscopy and mucosal biop-
sies are recommended in patients with refractory symptoms, odynophagia,
dysphagia, and atypical symptoms and in patients when Barrett’s esophagus is
suspected (e.g., those patients with GER symptoms for more than 5 years).

Prolonged pH monitoring and manometry are reserved for patients with atyp-

ical symptoms and pulmonary complaints.

-0 Q0T

IV. COMPLICATIONS OF GERD

A. Strictures. An esophageal peptic stricture is thought to result from fibrosis when
inflammation and injury extend below the mucosa as consequences of chronic GER.
Up to 11% of patients with GERD seem to develop strictures. Factors predisposing



Chapter 20: Gastroesophageal Reflux Di 131

to stricture formation include prolonged GER, reflux while supine, nasogastric intu-
bation, duodenal ulcer disease, gastric hypersecretory states, postgastrectomy states,
scleroderma, and treated achalasia. Ringlike stricture in the distal esophagus at the
E-G junction is called Schatzki’s ring.

1.

»p

Location. Strictures are usually located in the distal third of the esophagus. In
the barium esophagogram, they usually have a smooth, tapered appearance
and are of variable lengths. In some instances of Barrett’s esophagus, the stric-
ture is located in the middle third or, less commonly, in the proximal third of
the esophagus.
Symptoms. Peptic strictures usually produce no symptoms until the esophageal
intraluminal diameter is decreased to less than 12 mm. Initially dysphagia is
mostly for solids, but with progressive narrowing, swallowing of liquids also
becomes a problem. It is not uncommon for the patient to notice improvement in
the usual reflux symptoms as dysphagia develops with narrowing of the stric-
tured area. Some patients do not recall even having GER symptoms.

Treatment. After appropriate diagnostic tests (barium esophagram, endoscopy,

and biopsies) have been performed to ensure that the stricture is not due to a

malignant process, intensive medical therapy is begun for reflux esophagitis.

With resolution of edema and inflammation, some patients may have relief of

their symptoms. However, most patients require additional therapy in the form

of dilatations, surgery, or both.

a. Dilatation. Progressive dilatations with graded mercury-filled rubber bou-
gies (Maloney or Hurst dilators) have been used in the past for symptomatic
relief. Savary dilators passed over a guidewire or inflatable balloon dilators
with endoscopic guidance offer safer and more effective means of dilatation.

Savory dilators come in graded sizes. The guide wire is passed
through the biopsy channel of the endoscope and advanced into the stric-
ture, then into the stomach. The endoscope is then removed. The savory
dilator is then “threaded over” the guide wire and gently advanced into the
lumen of the stricture to dilate it. Afterward, it is withdrawn, then a larger-
sized savory dilator is advanced. Similarly, the process is repeated with
larger dilators until the stricture is adequately dilated and/or “blood” is
seen on the dilator. The dilators should never be forced into the stricture to
avoid perforation. Many gastroenterologists use savory dilators with the
aid of fluoroscopy.

Endoscopic balloon dilators allow endoscopic visualization during
the entire procedure of dilatation. Each balloon catheter can be inflated to
three enlarging sizes that allow progressive dilatation with one insertion.
During the EGD the balloon dilatator catheter is introduced via the biopsy
channel into the esophageal lumen, then into the stricture. The balloon at
the end of catheter is then dilated progressively until the stricture is dilated
to the desired size.

The major complications of dilatations are perforation and bleeding.
Perforations are rare but should be suspected if the patient complains of
persistent pain after dilatation. Perforations are identified by a radiologic
contrast study. Patients are treated with intravenous nutrition and antibi-
otics to cover for organisms from the mouth flora. Surgical drainage and
repair should be considered early, since mortality associated with large
esophageal perforations is high.

Dilatation of the stricture and medical therapy for reflux yield good
results in 65% to 85% of patients. The patency of the esophageal lumen is
maintained by additional dilatations at intervals of weeks to months.

b. Surgery. For the 15% to 40% of patients in whom dilatation and medical
therapy fail, surgery is indicated. The preferred surgical approach to stric-
tures is pre- or intraoperative dilatation combined with an antireflux opera-
tion, such as the Nissen fundoplication. If the stricture cannot be dilated or
is too extensive, resection and end-to-end anastomosis or interposition of a
segment of colon or small bowel may be used. These may be combined with
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a Nissen fundoplication to avoid anastomotic leaks or recurrence of the

strictures.

Esophageal ulcers and bleeding. A small percentage of patients with GERD, in

addition to severe esophagitis, have deep peptic ulcers penetrating into the muscu-

lar layers. These ulcers occasionally perforate or cause massive bleeding.

Most of these ulcers respond to intensive medical therapy, but some require
surgery. Often, deep ulcers are found in metaplastic Barrett’s epithelium. These
ulcers should be biopsied prior to therapy to rule out the possibility of malignancy.
Pulmonary manifestations. Respiratory problems attributable to GER include
laryngitis, hoarseness, chronic cough, asthma, bronchitis, bronchiectasis, aspira-
tion pneumonitis, atelectasis, and hemoptysis. Although most of these patients
experience GER symptoms, these symptoms are not always present.

1. Diagnosis. Documentation of pulmonary aspiration of gastric contents is diffi-
cult. Radionuclide scintiscanning of the lungs may be used to document pul-
monary aspiration following the placement of technetium 99m-sulfur colloid in
the stomach. If a positive result is found, it may be helpful; however, a negative
result does not rule out aspiration or absence of a relationship between the pul-
monary disease and GER. Prolonged pH monitoring may be helpful in some
patients. Numerous studies have demonstrated an increased frequency of reflux
in patients with acute and chronic obstructive pulmonary disease. It is accepted
that GER with or without aspiration produces an increased airway resistance
often requiring strict antireflux therapy with constant suppression of gastric acid
secretion with the use of high-dose proton-pump inhibitors (PPIs). Fundoplication
may be necessary in some patients (e.g., refractory asthma, GER-related apnea,
recurrent aspiration pneumonitis).

2. Treatment. Intensive therapy of GER may be beneficial in these patients. Many
of the medications used to treat asthma lower LES pressure and increase the
chance for GER. Thus, the medications used in these patients should be closely
monitored. In addition, patients should be discouraged from smoking. Patients
who do not improve with medical therapy with PPIs may require antireflux
surgery.

Barrett’s esophagus. In some patients, chronic reflux esophagitis results in
replacement of the normal squamous epithelium of the distal esophagus with
metaplastic specialized columnar epithelium called Barrett’s epithelium.
Depending on the length of the abnormal tissue, Barrett’s esophagus may be
subclassified as short segment (if it is less than 2 cm) or long segment Barrett’s
esophagus. The prevalence of Barrett’s esophagus may be as high as 20%. Even
though Barrett’s esophagus may be seen at any age, most instances come to medical
attention after the fourth decade of life. It is more common in patients with night-
time GER.

Barrett’s epithelium consists of a complex mixture of varying cell types,
glands, and surface architecture that is normally seen in the small bowel with vary-
ing degrees of atrophy.

1. Complications. Peptic ulceration, strictures, and adenocarcinoma are
complications associated with Barrett’s esophagus. Strictures are characteristi-
cally found in the mid to lower esophagus with squamous epithelium above
and columnar epithelium below the stricture.

Dysplasia and adenocarcinoma of the esophagus have been recognized
arising in Barrett’s epithelium with a reported prevalence of 3% to 9%. The
neoplastic changes may be multifocal and may represent a major pathway in
the genesis of adenocarcinoma of the lower esophagus and gastric cardia. The
presence of a malignant lesion should be suspected in any patient with mid-
esophageal narrowing and stricture formation. However, dysplastic and malig-
nant changes may be present in any patient with Barrett’s esophagus. Periodic
(e.g., every 1-5 years) multiple endoscopic biopsies and brush cytology should
be performed in these patients, especially in patients with histologic dysplasia,
to monitor for malignancy. The frequency of endoscopic surveillance of
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Barrett’s esophagus is controversial. However, if low-grade dysplasia is
found, yearly EGD and biopsies are recommended. If high-grade dysplasia is
found. EGD and biopsies should be repeated every 3 to 6 months. Some experts
even suggest therapeutic modalities to eradicate the highly dysplastic tissue
and/or consider surgery.

2. Treatment. Most patients with Barrett’s esophagus are treated medically for
reflux esophagitis with high-dose PPIs. Despite strict intensive medical therapy,
regression of this metaplastic change has not been documented. Esophagec-
tomy or mucosal ablation therapy is recommended if severe dysplasia is
found. Mucosal ablation may be accomplished by endoscopic mucosal resec-
tions, photodynamic therapy followed by laser ablation, or by laser, or bipolar
heater probe cautery. These procedures are still not widely accepted or available
except in special tertiary medical centers.

V. TREATMENT OF GERD. GERD is a chronic disorder. It is important to educate the
patients to modify their lifestyle and habits that may promote GER and encourage
them to adopt new habits that will bring long-term beneficial results.

A. Medical therapy
1. Dietary and lifestyle changes recommended include the following:

a. Elevation of the head of the bed (15.2 ¢cm [6 in.]), especially for patients
with regurgitation, may be achieved by the placement of 15.2-cm (6-in.)
blocks under the head of the bed or a 15.2-cm (6-in.) foam-rubber wedge in
place of or under the pillow.

b. Avoid

i. Smoking
ii. Fatty and fried foods
ili. Chocolate
iv. Alcohol
v. Tomato products

i. Citrus juices and fruits

ii. Coffee, tea, and carbonated beverages

iii. Carminatives (spearmint, peppermint)

ix. Large meals that would distend the stomach

c. Encourage
i. High-protein, low-fat diet.

ii. Three small-to-moderate-sized nutritionally balanced meals a day. The
evening meal should be light and easy to digest.

. No eating 4 to 5 hours prior to reclining or going to sleep.

. Weight loss, if overweight.

. Avoid using tight belts or girdles that increase intraabdominal pressure.

. Avoid drugs that promote GER (reduce LES pressure and esophageal clearing):
i. Progesterone or progesterone-containing birth control pills
ii. Anticholinergics

iil. Sedatives/opiates

iv. Tranquilizers

v. Theophylline

vi. Beta-adrenergic agonists
vii. Nitrates
viii. Calcium channel blockers

2. Pharmacologic therapy

a. Antacids. Frequent use of antacids and lozenges (e.g., every 2 hours) is rec-
ommended. The most effective and commonly used antacids are those that
contain a combination of magnesium and aluminum hydroxides. For
patients with renal failure, only aluminum hydroxide-containing antacids
are recommended since magnesium may accumulate in the blood. Low-
sodium preparations (e.g., Riopan) are available for patients on severe
sodium restriction.

Q . 0 Q
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b. Drugs that decrease gastric acid output. Those most commonly used

drugs are histamine-2 (H,) blockers. For patients with intermittent, infre-
quent or mild symptoms of GER, H, blockers may be prescribed. These
drugs are usually effective in controlling symptoms of mild to moderate
GER, but have not been shown to effectively heal erosive esophagitis.
H,-blockers do not suppress gastric secretions completely. They decrease
gastric acid secretion by binding to the histamine receptor on the parietal
cell in a competitive fashion. When their concentration decreases around
the parietal cell, histamine binds to the parietal cell receptor and acid secre-
tion is resumed. Thus, regular and frequent dosing is essential. H, blockers
also have very limited acid suppressive ability at times of eating and the
gastric pH rarely rises above 2 to 3. Because GER occurs most commonly
during and after eating, acid and pepsin activity is not eliminated with
H, blockers and their effectiveness is thus limited.

i. Cimetidine (Tagamet), 300 mg q.i.d. or 400 to 800 mg q12h a.c. and h.s.
ii. Ranitidine (Zantac), 150 to 300 mg q12h
iii. Famotidine (Pepcid), 20 to 40 mg at h.s.

iv. Nizatidine, 150 to 300 mg q12h
Note: Tagamet, Zantac, and Pepcid are also available at lower doses as
over-the-counter medications.

. Proton-pump inhibitors. The final step of gastric acid secretion by the

parietal cell involves the extrusion of a proton or a hydrogen ion (H*) into
the gastric lumen in exchange of a potassium ion (K*), which enters the
parietal cell via the H* K*-ATPase or the “proton pump.” PPIs are a group
of drugs designed to inhibit acid secretion by forming a covalent bond
within the proton pump and, thus, inhibiting the exchange of (H") and
(K™) ions permanently by that proton pump. These drugs are extremely
effective in inhibition of gastric acid secretion for 19 to 24 hours and allow
the gastric pH to rise above 4 or 3, thus, also eliminating the pepsin activ-
ity. PPIs have been shown to effectively heal erosive esophagitis, diminish
the formation of esophageal strictures, and control most symptoms and
signs of GERD. PPIs, when used continuously, prevent recurrence of ero-
sive esophagitis. As a group of drugs, they are safe and have minimal side
effects. In most instances, they are used as first line therapy for GERD.

Currently, there are six commercially available PPIs approved by the
U.S. Food and Drug Administration (FDA) for healing erosive GERD. These
are omeprazole (Prilosec), 20 to 40 mg p.o. (q.d. or b.i.d.); lansoprazole
(Prevacid), 15 to 30 mg p.o. (q.d. or b.i.d.); rabeprazole sodium (AcipHex),
20 mg orally (once daily); pantoprazole (Protonix), 40 mg p.o. (q.d.);
esomeprazole magnesium (Nexium), 20 to 40 mg p.o. (q.d.); and omepra-
zole sodium bicarbonate (Zegerid), 40 mg p.o. (q.d.). All PPIs are most
effective if taken 15 to 30 minutes before breakfast or dinner. Omeprazole,
lansoprazole, pantoprazole, and esomeprazole magnesium are excreted in the
urine. Rabeprazole sodium is mostly excreted in bile. No dose adjustments
are necessary in renal or hepatic insufficiency. Omeprazole, esomeprazole
magnesium, lansoprazole, and rabeprazole sodium are metabolized by the
p450 system in the liver and may have minor drug-drug interactions with
some drugs; however, these have not been shown to be clinically significant.
Pantoprazole has no known drug-drug interactions. Pantoprazole, esomepra-
zole, and lansoprazole are also available in intravenous (IV) formulation and
have been FDA-approved for in patients with GERD who are unable to
receive medications by the oral route.

Side effects of PPIs are rare and include minor headaches, diarrhea,
and nausea. PPIs have revolutionized the treatment of GERD and most of
its complications. These drugs have been noted to be safe and free of long-
term complications. Initial concerns about gastric bacterial overgrowth,
Vitamin B, and iron malabsorption, and causation of gastric carcinoid
tumors have not been clinically observed. A retrospective observational
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study suggests that patients taking PPIs for many years may have decreased

calcium absorption. Thus it may be prudent to encourage patients on pro-

longed PPI therapy to take calcium supplements.

d. Drugs that increase LES pressure and esophageal clearance

i. Metoclopramide hydrochloride, a dopamine antagonist, has been
shown to increase LES pressure and to improve esophageal and gastric
emptying. It counteracts the receptive relaxation of the gastric fundus
and increases duodenal and small-bowel motility. It is also a centrally
active antiemetic. This drug is especially helpful in patients with GERD
and abnormalities of gastric emptying. Since metoclopramide crosses
the blood-brain barrier, 10% of patients seem to experience psy-
chotropic side effects (e.g., somnolence, lassitude, restlessness, anxiety,
insomnia, and, rarely, extrapyramidal reactions). These side effects are
reversible with cessation of the drug. Elevated prolactin levels may
occur and cause galactorrhea. The usual dosage is 10 to 20 mg q.i.d.,
15 to 30 minutes a.c. and h.s.

ii. Other prokinetic drugs such as domperidone and cisapride do not
cross the blood-brain barrier and have only the peripheral effects of
metoclopramide. These drugs have excellent promotility qualities and
have been used successfully in the treatment of GERD.

However, cisapride, due to its drug—drug interactions with those
drugs that prolong the Q-T interval (on electrocardiogram) and the pos-
sibility of precipitating cardiac arrhythmias, has been removed from the
market in the United States by the manufacturer. Cisapride and dom-
peridone are available in Canada and other countries.

e. Drugs that enhance mucosal resistance. As the importance of mucosal

resistance is appreciated, drugs that potentiate cytoprotection and mucosal

resistance are being added to the medical armamentarium of acid-peptic
disease.

i. Sucralfate (Carafate), an aluminum sucrose polysulfate shown to be
effective in healing duodenal ulcers due to its cytoprotective action, has
not been shown to be highly effective in patients with esophagitis.
However, sucralfate suspension seems to give symptomatic and possibly
therapeutic benefit to patients with erosive esophagitis. Dose is 1 g 1-4
times daily.

ii. Prostaglandin analogs (e.g., misoprostol) have also been shown to be
cytoprotective and effective in the treatment of peptic ulcer disease, but
have not been found highly effective in the treatment of GERD.

The results of maintenance therapy with H,-receptor antagonists are dis-
appointing. Neither twice-daily nor single-dose-bedtime regimens of cimeti-
dine or ranitidine are significantly more effective than placebo in preventing
symptomatic or endoscopic evidence of relapse. However, maintenance ther-
apy with 20 mg of omeprazole daily sustains endoscopic healing in most
patients with severe, recalcitrant esophagitis. In some patients, the dosage
needs to be increased to 40 mg. Significant and persistent elevations in fast-
ing serum gastrin concentrations may occur in a minority of patients. It is
important to note that up to 90% of patients who healed with omeprazole
treatment had recurrence of their esophagitis within 6 months of stopping
treatment, indicating that some form of chronic treatment is needed. Similar
excellent results have also been achieved with the other PPIs (lansoprazole,
rabeprazole sodium, pantoprazole, and esomeprazole magnesium) at the
same doses used to heal erosive esophagitis.

B. Phase lll, endoscopic interventional and/or surgical therapy, is reserved for
patients in whom intensive medical therapy has failed and those with complica-
tions such as a nonhealing or bleeding esophageal ulcer or a refractory stricture.
Surgery for Barrett’s esophagus is still controversial.

Endoscopic treatment of GERD has been attractive as an alternative to
surgery by providing a less invasive solution to GER refractory to medical therapy.

-
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The initial procedures involved injection of collagen circumferentially at
the LES (Enteryx) which created a “tighter” LES and the Stretta procedure
which places minute areas of thermal injury in the muscle of the lower esophageal
sphincter and cardia using radio frequency waves. These procedures have shown
improvement in GERD symptoms, but have not shown a consistent reduction in
esophageal acid exposure or improved LES tone. Serious complications have been
reported and both of these procedures have been abandoned.

Endoscopic suturing devices, which place submucosal sutures in the gastric
cardia, and endoscopic plicators, which place transmural staples around the LES,
are still in evolution and offer promise. Both of these procedures decrease the luminal
size of the distal esophagus and gastric cardia to decrease GER and regurgitation.

The preferred antireflux operation is the Nissen fundoplication, in which
the LES is reinforced with a 360-degree gastric wrap for a distance of about 5 cm
around the lower esophagus, which is secured below the diaphragm. If a hiatal
hernia is present, it is reduced. An adequate esophageal lumen is secured with a
60-French, mercury-filled bougie placed in the esophageal lumen during the surgi-
cal procedure. Nissen fundoplication performed by a competent surgeon has been
shown to be successful with lasting effects. It should be considered in young
patients for long-term relief of GERD. This procedure is currently widely available
as a laparoscopic procedure (laparoscopic Nissen fundoplication) with much
lower morbidity and, in good hands with equivalent effectiveness to the open
Nissen fundoplication.
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DYSPHAGIA

I. ESOPHAGUS
A. Anatomy

138

1.

The esophagus is a muscular tube measuring about 25 cm (40 ¢cm from the
incisor teeth) extending from the pharynx at the cricoid cartilage to the cardia
of the stomach. It pierces the left crus of the diaphragm and has an intraab-
dominal portion of about 1.5 to 2.5 c¢m in length.

. The esophageal mucosa consists of a nonkeratinizing squamous epithelium,

lamina propria extending into the basal layer as rete pegs, and muscularis
mucosa, which is sparse and thin in the upper portion but thicker near the gas-
troesophageal junction.

. The submucosa contains mucous glands and an extensive lymphatic plexus in

a connective tissue network.

. Between the submucosa and muscularis propria are the cell bodies of secondary

neurons forming the Auerbach’s plexus.

. The muscularis propria, the main muscle layers of the esophagus, is composed

of inner circular and outer longitudinal coats. In the upper part, these are stri-
ated. There is a gradual change to smooth muscle in the middle. In the lower
third of the esophagus, both of these coats are entirely composed of smooth
muscle.

. Between the muscle layers, the myenteric plexus contains the cell bodies of

other secondary neurons.

. The esophagus does not have a serosal layer.
. Lower esophageal sphincter. The distal 3 to 4 cm of the esophagus constitutes

a zone of increased resting pressure in an asymmetric fashion. This area, called
the lower esophageal sphincter (LES), behaves both physiologically and pharma-
cologically as a distinct entity from the esophageal smooth muscle immediately
adjacent to it. Basal LES pressure is normally 10 to 25 mmHg higher than intra-
gastric pressure and drops promptly (within 1-2 seconds) with swallowing. The
LES control remains poorly understood but is thought to involve the complex
interaction of neural, hormonal, and myogenic activities.

. Physiology of esophageal function. The function of the esophagus is to transport

food and secretions from the mouth to the stomach. This coordinated process oper-
ates regardless of the force of gravity.

1.

A swallow begins when a liquid or solid bolus is propelled to the back of the
mouth into the pharynx by the tongue. The upper esophageal sphincter (UES),
the cricopharyngeus, which is just below the pharynx, relaxes, allowing the
bolus to pass into the upper esophagus. In response to swallowing, an orderly,
progressive contraction of the esophageal body occurs (primary peristalsis),
propelling the bolus down the esophagus. When the esophagus is distended by
a bolus (i.e., with regurgitation), secondary peristaltic contractions are initi-
ated. The LES relaxes as the bolus reaches the lower esophagus, allowing pas-
sage of the food into the stomach.

. The relaxation of the UES and peristalsis in the upper esophagus are ini-

tiated by the voluntary act of swallowing, controlled by the swallowing center
in the brainstem and the fifth, seventh, ninth, tenth, eleventh, and twelfth cranial
nerves. These nerves coordinate the movement of the bolus to the hypopharynx,
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closure of the epiglottis, relaxation of the UES, and contraction of the striated
muscle of the upper esophagus. The sequential nature of this function is due to
progressive activation of nerve fibers carried in the vagus nerve controlled
through a central mechanism.

. The peristalsis in the smooth-muscle portion of the esophagus is regu-

lated by activation of neurons located in the myenteric plexus with cholinergic
neural transmission. The vagi innervate the upper esophagus in its striated mus-
cle portion only. If the vagi are cut below the level of mid esophagus, peristalsis
in the lower half of the esophagus and the function of the LES remain intact.

Il. DYSPHAGIA
A. Definition

1.

2.

3.

Dysphagia is difficulty in swallowing. Clinically, it includes the inability to ini-
tiate swallowing and/or the sensation that the swallowed solids or liquids stick
in the esophagus.

Odynophagia refers to pain with swallowing. In some disorders, odynophagia
may accompany dysphagia.

Globus hystericus describes the sensation of the presence of “a lump in the
throat” that is relieved momentarily by swallowing.

B. Preesophageal or oroesophageal dysphagia. Patients with this disorder have
problems with the initial steps of swallowing. They may have difficulty in pro-
pelling food to the hypopharynx. If the food passes normally to the hypopharynx,
the presence of pain, intra- or extraluminal mass lesion, or a neuromuscular disor-
der may interfere with the orderly sequence of pharyngeal contraction, closure of
the epiglottis, UES relaxation, and initiation of peristalsis by contraction of the
striated muscle in the upper esophagus.

1.

Signs and symptoms. These patients usually cough and expel the ingested
tood through their mouth and nose or aspirate when they attempt to swallow.
Their symptoms are worse with liquids than with solids. They may have a
“wet” voice quality, reduced cough, upper airway congestion, and aspiration
pneumonitis.

. Causes

a. Central nervous system conditions. Cerebral vascular accidents (bulbar
or pseudobulbar palsy), multiple sclerosis, amyotrophic lateral sclerosis,
Wilson’s disease, Parkinson’s disease, Friedreich’s ataxia, tabes dorsalis, brain-
stem tumors, paraneoplastic disorders, reaction to drugs or toxins, other
congenital and degenerative disorders of the central nervous system.

b. Peripheral nervous system conditions. Poliomyelitis (bulbar), diphtheria,
rabies, botulism, diabetes mellitus, demyelinating diseases, Guillain-Barré
syndrome.

c. Disorders of the myoneural junction. Myasthenia gravis, Eaton-Lambert
syndrome.

d. Muscular disorders. Dermatomyositis, muscular dystrophies, myotonic
disorders, congenital myopathies, metabolic myopathies (thyrotoxicosis,
hypothyroidism, hyperthyroidism, steroid myopathy), collagen vascular dis-
eases, amyloidosis.

e. Toxins. Tetanus, botulism, tic paralysis, arsenic, lead, mercury poisoning.

f. Local structural lesions. Conditions involving the mouth, pharynx, and
hypopharynx.

i. Infection or inflammation. Abscess; tuberculosis; syphilis; viral, bacte-
rial, and fungal infections; Lyme disease; diphtheria; rabies.
ii. Space-occupying lesions. Neoplasms, congenital webs, Plummer-
Vinson syndrome.
ili. Extrinsic compression. Cervical spine spurs, lymphadenopathy, thy-
romegaly, Zenker’s diverticulum.
iv. Trauma. Surgical repair, foreign body ingestion, caustic injury.

d. Motility disorders of the upper esophageal sphincter. Hypertensive

UES, hypotensive UES with esophagopharyngeal regurgitation, abnormal
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UES relaxation (incomplete relaxation: cricopharyngeal achalasia, prema-
ture closure, delayed relaxation).

C. Esophageal dysphagia describes difficulty with transport of food down the
esophagus once the bolus has been successfully transferred into the proximal
esophageal lumen. Any disorder, structural or neuromuscular, involving the body
of the esophagus, the LES, or the gastroesophageal junction may result in dyspha-
gia or the sensation of food being “stuck” behind the sternum. If the patient can
localize the symptom to some point along the sternum, a good correlation with the
anatomic site is possible. However, if the symptoms are felt at the sternal notch,
the anatomic site of the lesion cannot be predicted.

1. Structural disorders are usually caused by a discrete lesion such as a neo-
plasm, stricture, or extrinsic compression that interferes with the transport of
the swallowed bolus. Initially, dysphagia is noted with solid foods. However, as
the lumen narrows with enlarging lesions, passage of liquids also becomes
impaired.

b.

0

e

Tumors (see also Chapter 23)

i. Squamous carcinoma accounts for approximately one third of all
esophageal cancers. Excessive alcohol intake and cigarette smoking seem
to increase the risk. Other predisposing factors include head and neck
cancer, Plummer-Vinson syndrome (anemia and esophageal web), tylosis,
achalasia, and lye stricture.

ii. Adenocarcinoma of the esophagus constitutes about two thirds of
esophageal cancers. It is thought to arise from extension of gastric cardia
carcinoma, from the esophageal glands or, more commonly, from the
columnar metaplasia of the esophagus (Barrett’s epithelium).

ili. Kaposi’s sarcoma, lymphoma, melanoma, and metastatic tumors from
the lungs, pancreas, breasts, and other structures may also involve the
esophagus.

iv. Benign tumors of the esophagus are rare and account for less than
10% of esophageal tumors. These tumors most commonly arise from
neuromesenchymal elements. Leiomyomas that arise from esophageal
smooth muscle are the most common. These intramural lesions are cov-
ered by normal squamous epithelium of the esophagus. They protrude
into the lumen, eventually causing narrowing of the passage. Other
lesions such as fibroadenomas, though rare, may become very long and
large and may cause obstruction.

Strictures

i. Peptic strictures. Most esophageal strictures are found in the distal or
mid esophagus and are the result of chronic inflammation caused by gas-
troesophageal reflux. Peptic strictures are usually benign, but those asso-
ciated with Barrett’s epithelium may be malignant.

ii. Burns caused by ingestion of corrosive substances (e.g., strong alkali and
acids) may result in esophageal strictures in single or multiple locations
of the esophagus.

iii. Some drugs in tablet form may lodge in a segment of the esophagus and
cause local inflammation, ulceration, and stricture.

iv. Foreign bodies (e.g., coins or button batteries) may be swallowed and
cause obstruction or injury of the esophagus.

Rings and webs are usually thin, circumferential mucosal shelves that pro-

trude into the esophageal lumen and cause intermittent dysphagia, especially

to solids. Webs occur in the upper esophagus and may be associated with
iron-deficiency anemia (Plummer-Vinson syndrome).

Rings (Schatzki) are most often found at the gastroesophageal junction.
Schatzki’s rings seem to be related to chronic gastroesophageal reflux. Most
of these contain only mucosal elements; however, thicker ones may also con-
tain a thickened muscle layer.

Eosinophilic esophagitis is an inflammatory condition of the esophagus

anatomically characterized by the presence of multiple concentric firm rings
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throughout the entire length of the esophagus. It is also referred to as corru-
gated esophagus, ringed esophagus, corrugated ringed esophagus, and
congenital esophageal stenosis occurring in children and young adults,
especially males.

Dysphagia is the primary presenting symptom with occasional food
impaction. Heartburn and GER is rare but may exist.

Diagnosis: Barium swallow or UGI x-rays are usually too insensitive to
show the rings; however, with the use of fluoroscopy, double contrast
and a solid bolus, the corrugations may be demonstrated.

Esophageal motility testing is normal or may show high amplitude
contractions.

On endoscopy, the esophageal lumen appears generally narrow and
the rings are clearly visible. There may be strictures. The esophageal
mucosal biopsies show intense eosinophilic infiltration. The degree of
eosinophilic infiltration may differ in patients however, the presences of
more than 20 eosinophils per each high power filed is used as a guide in
diagnosis. Eosinophilic infiltration, to a lesser degree, is also seen in other
GI disorders including GFRD, parasitic infections, fungal infections, reac-
tion to drugs, inflammatory bowel disease, scleroderma, Hodgkin’s disease,
and allergic vasculitis.

The etiology of eosinophilic esophagitis is thought to be due to a
sensitization after an exposure to food or airborne allergen followed by an
allergic reaction to subsequent exposures. However, the results of allergy
testing are inconsistent. The anatomical structure may be congenital
and/or inherited.

The treatment may involve esophageal dilation and elimination of
offending foods identified by skin testing. Best results are obtained with
the use of topical steroids used as an aerosol, four puffs twice daily applied
without a spacer. Patients should not eat or drink for 3 hours after each
treatment. The course of treatment is usually 6 weeks. The relief may last
4 to 6 months. Additional treatment may be needed intermittently.

e. Extrinsic compression. The esophageal lumen may be narrowed from
compression by an external lesion. These lesions include the following:

i

il
fii.
iv.

Mediastinal tumors, primary or metastatic.

Vascular lesions, such as aberrant right subclavian artery (dysphagia
lusoria), a dilated aneurysmal aorta, or an enlarged cardiac chamber.
Cervical osteoarthritis and bone spurs.

Esophageal diverticula may cause dysphagia when they become large
and distended with food and secretions. They tend to occur in three main
parts of the esophagus: just above the UES (Zenker’s), at the middle
(traction), and near the diaphragm (epiphrenic). Zenker’s and epiphrenic
diverticula are thought to result from motor abnormalities of the esoph-
agus. Even though midesophageal diverticula have been attributed to
traction on the walls of the esophagus by external inflammatory and
fibrotic processes (e.g., tuberculosis or sarcoidosis), they also may result
trom abnormal esophageal motility.

2. Gastroesophageal reflux (see Chapter 20). The reflux of the gastroduodenal
contents into the esophagus may cause dysphagia in some patients, especially if
severe inflammation, ulceration, or stricture develops. With resolution of the
inflammation and edema, dysphagia may abate. In some patients, gastro-
esophageal reflux (GER) may result in esophageal motility disorders, which
may contribute to dysphagia and chest pain.

3. Neuromuscular or motility disorders result in dysphagia to both liquids and
solids due to aberrant peristalsis. These disorders are present in about half the
patients who have dysphagia without an evident structural abnormality. In these
disorders, peristalsis is either absent, weak, too strong and sustained, or uncoor-
dinated. The LES function may also be abnormal. The resting LES pressure may
be too high or low and the sphincter may not relax completely on swallowing.
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a. Primary motor disorders

Achalasia is a disorder of esophageal smooth-muscle function with three
diagnostic prerequisites. First, there is a complete absence of primary and
secondary peristalsis in the smooth muscle of the esophagus. Skeletal
muscle function is generally normal. Second, the LES does not relax com-
pletely with swallows. Third, the resting LES pressure is usually high.
The lack of peristalsis and the sustained high-pressure zone at the gas-
troesophageal junction results in retention of ingested material and oral
secretions in the esophagus with gradual loss of tone and progressive
dilatation of the body of the esophagus.
a) Cause. Achalasia is most likely the result of neuronal abnormalities
rather than a primary myopathy. Lesions have been found in the dorsal
vagal nucleus in the brainstem, in the vagal trunks, and in the myenteric
ganglia in the esophagus. Secondary achalasia may resemble primary
achalasia. It may result from tumor invasion of the LES region, con-
striction from malignant nodes, or paraneoplastic syndromes.

Signs and symptoms. Patients with achalasia consistently have dys-

phagia to both solids and liquids. Occasionally, early in the disease

and in patients with “vigorous achalasia,” chest pain may occur.

Regurgitation of esophageal contents often with tracheal aspiration is

a common complication of the disease.

c) Treatment of achalasia is designed to decrease the pressure in the
LES. This allows the aperistaltic esophagus to empty in the upright
position. LES myotomy may be accomplished surgically (open or
laparoscope) or by forceful dilatation with an inflatable, pneumatic
peroral balloon dilator or by intramucosal injection of Botulinum
toxin endoscopically. Medical management of achalasia is usually
unsuccessful. In some patients, calcium channel blockers may lower
the LES pressure and produce transient symptomatic improvement.

b
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ii. Diffuse esophageal spasm (DES). This entity accounts for about 10%

to 15% of patients with esophageal motility disorders. Patients with this

disorder have high-amplitude, simultaneous contractions in the smooth-

muscle portion of the esophageal body. Skeletal muscle function is normal.

The “spastic” waves are usually initiated by swallows but may occur ran-

domly interspersed with normal-appearing peristalsis. The LES may have

normal or high pressure and may not completely relax with swallowing.

a) Signs and symptoms. In these patients, dysphagia is intermittent. It
occurs with both liquids and solids. Sometimes it is exacerbated with
hot or cold foods and may cause chest pain. In fact, the chest pain of
DES is often confused with angina pectoris. Thus, it is important in
these patients to exclude possible cardiac disease.

b) Treatment of DES is generally directed toward decreasing the fre-
quency and intensity of simultaneous contractions. Smooth muscle
relaxants, including nitrates (e.g., nitroglycerin, 0.4 mg sublingually
a.c. and p.r.n.); isosorbide dinitrate, 30 mg per os (p.o.) 30 minutes a.c.;
hydralazine, 25 to 50 mg p.o. three times daily; calcium channel block-
ers (e.g., nifedipine, 10-20 mg, four times daily); psychotropic drugs
(e.g., diazepam 1-5 mg p.o., four times daily; trazodone 50-100 mg
p.o., twice daily; doxepin, 50 mg p.o., h.s.); and anticholinergics
(e.g., dicyclomine 10-20 mg p.o., four times daily) have been tried with
variable results.

Because abnormal motility is not always documented in patients
with dysphagia secondary to dysmotility, provocation of symptoms
and manometric findings with drugs may be attempted. Edrophonium
is the best tolerated and most effective of currently available drugs.

Bougienage and pneumatic dilatation sometimes yield transient
symptom relief. In difficult cases, surgical myotomy may be tried. The
outcome is often variable, and successful relief of symptoms is rare.
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c) “Vigorous achalasia.” An overlap between DES and achalasia called
vigorous achalasia has been observed in some patients. In this condi-
tion, in addition to simultaneous, high-amplitude contractions in the
distal esophagus as in DES, the LES function is similar to that in acha-
lasia. The symptoms are usually chest pain and dysphagia. This over-
lap, as well as a transition from DES to achalasia in some patients,
suggests that these two disorders may be different manifestations of
the spectrum of esophageal smooth muscle dysfunction.

Nutcracker esophagus or “super squeezer” is a motility disorder found
in approximately one half of the patients with chest pain of esophageal
origin and one tenth of the patients with dysphagia. These patients have
normal LES function and peristalsis; however, the contractile amplitude
is usually two to three times the normal value. Most of these patients
also have an abnormal prolongation of the peristaltic wave. A subgroup
of patients with contraction waves of normal amplitude but prolonged
duration also has been described.

The symptoms of patients with nutcracker esophagus are similar to
those associated with DES. Patients may have prolonged chest pain,
which may be nocturnal, and intermittent dysphagia. The nutcracker
esophagus may evolve into DES, suggesting that these disorders are
related. Treatment of nutcracker esophagus is similar to treatment of
DES (see section I1.C.3.b).

Nonspecific esophageal motor disorders (NEMD). Most patients

with symptoms of esophageal dysmotility cannot be classified neatly into

specific groups. The incidence of these disorders of the peristaltic wave
or LES function is at least five times that of achalasia and DES com-
bined. The patients may have an isolated abnormality of the LES

(increased pressure, incomplete relaxation, hypertensive LES) with or

without abnormal esophageal contractions (increased amplitude or dura-

tion, simultaneous contractions, nonpropagated waves).

a) Treatment. There is no reliable therapy for patients with nonspecific

esophageal motor disorders. Smooth-muscle relaxants have been tried

as in DES, again with variable results. Bougienage may give transient
relief in some patients.

Patients with diabetes mellitus may have abnormal esophageal

motility such as poor propagation of the peristaltic wave and diffuse

spasm, most likely due to visceral neuropathy.

b

-~

b. Secondary motor disorders. Esophageal smooth-muscle dysfunction may
be associated with a number of systemic disorders.

Scleroderma. Approximately 80% of the patients with scleroderma,
particularly those who exhibit Raynaud’s phenomenon, have decreased
amplitude of peristalsis in the smooth-muscle portion of the esophagus
with decreased resting LES pressure. Initially, the disorder seems to be
neural; however, with progression of the disease, collagen deposition and
fibrosis of the smooth muscle are observed. These patients are a setup for
severe reflux esophagitis, which is frequently complicated by stricture
formation and Barrett’s esophagus.

Other diseases. The abnormal esophageal motility associated with scle-
roderma has been reported in some patients with other collagen vascular
diseases and those with Raynaud’s phenomenon. Patients with
polymyositis and lupus also may exhibit esophageal smooth muscle
dysfunction.

Chagas’ disease. An achalasialike disease has been seen as a secondary
disorder with Chagas’ disease (infection with Trypanosoma cruzi).
Tumors of the mediastinum, lower esophagus, gastroesophageal junc-
tion, and gastric cardia, as well as lymphoma, pancreatic, lung, and bron-
chogenic carcinoma may also present as achalasia. Tumors may invade
the myenteric plexus or produce an obstruction at the gastroesophageal
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junction; thus, aperistalsis may be secondary to neural invasion or a
response to LES obstruction.

v. Chronic idiopathic intestinal pseudoobstruction usually involves the
esophagus as well as all other parts of the gastrointestinal tract. The
esophageal abnormality includes aperistalsis and incomplete relaxation
of LES, producing a functional obstruction. Patients with this disease
usually have either congenital or acquired neuromuscular degeneration
of the entire gut, affecting the neural plexuses and the myenteric ganglia.

c. Reflux esophagitis and esophageal dysmotility (see also Chapter 20).

Patients with gastroesophageal reflux and reflux esophagitis have been shown

to have a number of abnormalities of smooth-muscle function. These include

a low resting LES pressure; abnormal, prolonged periods of relaxation of the

LES; and decreased esophageal clearance due to disorder of primary and sec-

ondary peristaltic waves. It is difficult to determine whether these defects are

a primary cause of reflux or a result of the associated esophagitis.

Ill. DIAGNOSTIC APPROACH
A. History. Differentiation of the major causes of dysphagia can be facilitated by elic-
iting the history on several critical points: consistency of the food causing symp-
toms, localization and duration of dysphagia, and presence of associated symptoms
such as odynophagia, heartburn, cough, and weight loss.

1.

Consistency of foods causing dysphagia. As mentioned before, a motility
disorder usually causes dysphagia to both liquids and solids from the onset of
the symptoms, whereas a structural disorder causes dysphagia to solids first
and, if the lesion further compromises the esophageal lumen, progressively to
semisolids and liquids.

. The duration and constancy of the symptoms are also diagnostically perti-

nent. Intermittent dysphagia for solid foods only is typical of lower esophageal
(Schatzki) ring. A patient with a long history of heartburn may notice its dis-
appearance when a stricture develops, which may cause dysphagia, especially
to solids. The patient with esophageal cancer typically has a more accelerated
course of progressive dysphagia over several months, usually accompanied by
weight loss and anorexia.

. Other disorders. The possible presence of neurologic, muscular, connective

tissue, or other systemic disorders and the use of drugs that may affect striated
or smooth-muscle function of the esophagus should be determined.

B. The physical examination may be indirectly helpful in the diagnosis of dyspha-
gia related to another disease such as a central nervous system, muscular,
endocrine-metabolic, or connective tissue disorder. The presence of pharyngeal
inflammation, a mass in the neck, an enlarged thyroid, a deviated trachea, car-
diomegaly, or an epigastric mass may also be helpful in reaching the diagnosis.

C. Radiographic studies
1. The chest x-ray may be helpful indirectly in the diagnosis of the cause of dys-

phagia. In advanced achalasia with dilatation of the esophagus, patients may
have a widened mediastinal shadow with an air-fluid level made up of food and
secretions held up by the tight LES. Mediastinal masses or cardiomegaly with
chamber enlargement may also be evident on a chest x-ray.

2. Barium swallow, cineesophagogram, and upper gastrointestinal series are

usually the first specific diagnostic studies performed in the workup of dyspha-
gia. The patient is asked to swallow liquid barium or a piece of bread dipped in
barium. The movement of the bolus is then observed by the radiologist fluoro-
scopically and recorded on x-ray film or videotape (cineradiography). In this
way, the course of the bolus is followed from the mouth to the stomach.

This test gives visual information about the preesophageal swallowing
function, the nature of the peristaltic activity, and the presence of gastroe-
sophageal reflux as well as information about the anatomy of the esophagus
with respect to structural disorders, such as carcinoma, stricture, esophageal
web or ring, or presence of extrinsic compression.
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The barium study is less helpful in the diagnosis of motility disorders.
However, in achalasia one may see a dilated esophagus with a “parrot beak”
narrowing at the gastroesophageal junction. Tertiary or corkscrew contractions
may suggest the diagnosis of diffuse esophageal spasm; however, this may be a
normal finding, especially in elderly patients.

D. Upper gastrointestinal endoscopy. The direct visualization of the mucosa and
lumen of the esophagus, stomach, and proximal duodenum is possible with flexi-
ble endoscopes. Structural and inflammatory lesions may be directly examined,
and biopsies and cytologic specimens may be obtained. Intramural lesions such as
leiomyomas may also be seen. Biopsies of these lesions are not recommended, since
the scarred overlying mucosa may adhere to the movable tumor and prevent its
easy surgical enucleation. Submucosal tumors may be examined using endoscopic
ultrasonography (EUS).

E. Esophageal manometry is recommended when an esophageal motility disorder is
suspected. In this test, intraesophageal pressures and peristaltic activity are
recorded as a function of time with wet and dry swallows. This test yields infor-
mation about the lower and upper esophageal sphincter function and the nature of
the peristaltic wave.

The typical manometry tube consists of soft, flexible tubing that has three
recording sensors arranged linearly 5 cm apart from one another in a spiral fash-
ion at the distal end. The patient is asked to swallow the tube, which is then
advanced into the stomach. As the tube is gradually withdrawn, each sensor passes
through the LES, measuring its pressure. In the body of the esophagus, the peri-
staltic waves are recorded in a sequential manner as they progress down the esoph-
agus, first with the proximal sensor, next with the middle, and last with the distal
sensor. If peristalsis is progressive, this normal sequence is observed. If simultane-
ous, repetitive contractions are noted, their amplitude and duration will help in
establishing the type of motility disorder. When the middle or distal sensor lies
within the LES, the relationship between esophageal peristaltic contractions and
sphincter relaxation can be observed. Similarly, when the upper sensor lies in the
UES, the relationship between pharyngeal contractions and UES relaxation can be
recorded.

In patients with achalasia, a careful examination of the distal esophagus and
gastroesophageal junction is essential to rule out malignancy. Even benign appear-
ing strictures should be biopsied and brushed to look for malignant cells. EUS may
help in evaluation of strictures and give information on the extent of tissue involve-
ment with malignant infiltration.

Evaluation of the stomach and duodenum may be helpful in eliminating dis-
eases of these organs that may coexist or give symptoms that may be confused with
those of esophageal disorders.

IV. TREATMENT
A. Oropharyngeal dysphagia. The treatment of oropharyngeal dysphagia depends
on the specific cause.

1. Systemic disease (see section IV.B.1).

2. Neurologically impaired patients require special attention during feedings with
respect to dietary texture; body, head, and neck position; size and frequency of
food bolus administration; and aspiration precautions. Patients should sit fully
upright in bed or in a chair while eating. The bolus size should be small in sips
or bites. Foods with thicker textures (e.g., thick liquids and pudding textures)
are often better tolerated than clear liquids. Spicy, acidic foods and coffee, tea,
and alcohol should be avoided. After meals, patients should remain in the
upright position for an additional 1 to 3 hours to minimize the risk of aspira-
tion. The head of the bed should be elevated during resting and sleeping hours.

B. Esophageal dysphagia

1. Systemic disease. If the disorder is secondary to a systemic disease, the treat-
ment needs to be directed to the primary disease. Infections and inflammatory
lesions of the esophagus are discussed in Chapter 19.
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2. Rings, webs, and strictures. Of the structural disorders, the treatment of
rings and webs is the most gratifying to both the patient and the physician.
Dilatation with a mercury-filled bougie usually relieves the symptoms.
Esophageal strictures may also be dilated under endoscopic guidance with bal-
loon dilators or savory dilators that allow progressively larger dilators to be
passed over a guidewire. (For further discussion, see section II.C.1.)

3. Motility disorders. Treatment of motility disorders is difficult, and variable
results are obtained (see section I.C.3).
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NONCARDIAC CHEST PAIN

Zhe term noncardiac chest pain generally means pain in the chest that mimics or
may be confused with cardiac chest pain. Often the pain is caused by a disorder of the
esophagus, stomach, or gallbladder. Diagnosis is particularly confusing in patients who
have both cardiac and noncardiac chest pain. Much of the diagnostic confusion arises from
the generous overlap in pain sensations entering the spinal cord from the heart, medi-
astinum, stomach, and other upper abdominal organs.

I. The differential diagnosis of noncardiac chest pain is outlined in Table 22-1. Although

this chapter deals mostly with esophageal causes of chest pain, one cannot neglect the
numerous other causes in evaluating patients with chest pain. Also, it seems an inherent
contradiction to say that cardiac chest pain should be a consideration in the differential
diagnosis of noncardiac chest pain; yet some patients who are referred because they
are thought to have noncardiac chest pain, but have not had an adequate cardiac eval-
uation, eventually are found to have cardiac disease or a combination of cardiac and
noncardiac chest pain.

DIAGNOSIS. Many patients with noncardiac chest pain already have had an evalua-
tion for cardiac disease. This evaluation may have consisted of an electrocardiogram
(ECG) only or may have been extensive, including stress testing and coronary arteri-
ography. In any event, the patient’s major concern usually is whether he or she has
heart disease. If the pain can be attributed to a noncardiac cause, the patient often
feels better, even though in some instances little can be done to relieve the pain.
Cardiac causes of chest pain must first be excluded. This cannot always be done
with absolute certainty, and in some patients a diagnosis of both cardiac and noncar-
diac chest pain is made. Furthermore, it appears that, in some of these patients,
noncardiac pain can stimulate cardiac chest pain.
A. Clinical presentation

1. The character of the pain may help differentiate cardiac from noncardiac
pain. Cardiac pain typically is aggravated by stress and exercise and radiates to
the neck, shoulder, and left arm. Chest wall and esophageal pain, however, also
sometimes appear to be aggravated by stress and exercise. The pain of gastroe-
sophageal reflux can radiate to the neck and jaw, but it rarely radiates down
the arm.

2. Accompanying symptoms and relation of the pain to other events can
help differentiate the cause. Dysphagia in association with the pain points to an
esophageal origin (see Chapter 21). If the dysphagia is for both liquids and
solids, an esophageal motility disorder is likely. Pain after eating can be cardiac,
but it is more likely to be of esophageal or perhaps gallbladder origin. Pressure
over the site of pain that aggravates the pain suggests a chest wall source such
as costochondritis or trauma, although chest wall tenderness has been described
in cardiac pain.

B. Diagnostic studies

1. Exclusion of cardiac disease

a. X-ray and ECG. All patients should be evaluated with a chest x-ray and
ECG. Some patients require exercise stress testing using standard ECG
monitoring or thallium scanning.
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I ay:\:18FPA N Diagnostic Considerations in Noncardiac Chest Pain

I. Chest wall pain
A. Costochondritis
B. Trauma
Il. Mediastinal pain
A. Inflammation
B. Tumor
Ill. Esophageal pain
A. Motility disorders
1. Achalasia (usually “vigorous” achalasia)
2. Diffuse esophageal spasm
3. “Nutcracker” esophagus
4. Nonspecific motor disorder
B. Mucosal disorders
1. Gastroesophageal reflux with or without gross injury
2. Viral or fungal infections
3. Acid or alkali ingestion
4. Cancer
IV. Gallbladder disease
V. Pancreatitis or pancreatic pseudocyst
VI. Peptic ulcer
VII. Cardiac chest pain (initial failure to diagnose)
A. Coronary artery disease
B. Pericarditis

b. Coronary arteriography, CT, or MRI. Not every patient with chest pain

requires coronary arteriography to exclude cardiac disease for practical clinical
purposes. Some patients clearly have a noncardiac problem, such as gastroe-
sophageal reflux or an esophageal motility disorder. In many patients, however,
coronary disease must be excluded by coronary arteriography, CT, or MRL

2. Esophageal studies
a. Barium swallow radiography (see Chapter 9). X-ray films of the esopha-

gus usually are not of much help in evaluating chest pain that mimics cardiac
pain. However, obstructing lesions or severe esophagitis (reflux, monilial, or
herpetic) may be evident from the static films. Furthermore, fluoroscopy or
videotape of the swallowing function may suggest that a motility disorder is
present.

. Endoscopy and esophageal mucosal biopsy. Endoscopy is indicated if

a structural abnormality is seen on the barium study. Biopsy of the
mucosa also may provide information that is not evident by radiography
or endoscopy. Endoscopic punch biopsies or suction biopsies of the
esophagus may show inflammation, thinning of the epithelium, hypertro-
phy of the basal regenerative layer, prolongation of the papillae of lamina
propria that project into the epithelium, or presence of eosinophils,
all of which have been correlated with gastroesophageal reflux (see
Chapter 20).

c. Esophageal motility studies (see Chapter 8).

i. Manometric examination of the esophagus may be crucial in the
diagnosis of an esophageal motility disorder. However, correlation
of manometric findings with clinical symptoms may be difficult. Because
symptoms and manometric abnormalities are usually intermittent, a nor-
mal motility tracing does not exclude a motility disorder. Manometric
abnormalities in the absence of symptoms are also difficult to interpret.
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d.

e

It is only when chest pain occurs at the time a motor abnormality is
recorded that there is reasonable certainty that the patient’s chest pain is
caused by the motor disorder.

Several intravenous provocative agents have been used during
esophageal manometry to stimulate motor abnormalities and reproduce
pain. Ergonovine maleate is the most potent provocative agent, but it
also is dangerous; it has been associated with irreversible coronary
spasm in a few reported cases when used during coronary arteriography.
Currently, ergonovine maleate is regarded as unsafe for clinical use as an
esophageal provocative agent unless the patient can be monitored in a
cardiac catheterization laboratory. Other agents include pentagastrin,
bethanechol chloride, and edrophonium chloride (Tensilon). Of these,
edrophonium chloride intravenous (IV), 80 pg/kg, is the most successful
in producing a positive response, that is, reproduction of the clinical
chest pain in association with development of manometric abnormali-
ties. Edrophonium also appears to be safe.

ii. Esophageal motility disorders. As indicated in Table 22-1, several
esophageal motility disorders may be associated with chest pain.

a) Classic diffuse esophageal spasm (DES) causes substernal pain and
is characterized by high-amplitude, broad-based, simultaneous and
repetitive contractions. However, DES accounts for only a minority of
esophageal motility disturbances (Fig. 22-1).

b) Much more frequent are nonspecific esophageal motility disor-
ders (NEMD), which include a hypertensive lower esophageal sphinc-
ter (LES), in which the resting LES pressure exceeds 45 mmHg in the
presence of normal peristalsis in the body of the esophagus; decreased
or absent amplitude of esophageal peristalsis with normal LES pres-
sure and relaxation; and other abnormalities of peristaltic sequence,
such as abnormal waveforms, isolated simultaneous contractions, and
isolated spontaneous contractions.

The term nutcracker esophagus describes an esophagus in which
the peristaltic contractions squeeze too tightly. Peristalsis is propa-
gated normally, but the mean amplitude of contractions exceeds
120 mmHg (normal peristaltic contractions are usually in the range
of 50 to 100 mmHg), and contractions are often prolonged more
than 5.5 seconds.
Achalasia accounts for a small minority of esophageal motor disor-
ders associated with chest pain. Sometimes patients have so-called
vigorous achalasia. Their LES is hypercontracting and fails to relax
completely on swallowing, as in classic achalasia; instead of absence
of peristalsis, however, they have evidence of diffuse spasm or another
motility disorder in the body of the esophagus.
The Bernstein test, although rarely used in the clinical setting, has been a
time-honored study for determining whether or not a patient’s chest pain is
caused by acid irritation of the esophagus. A tube is positioned in the mid
esophagus and saline and 0.1N hydrogen chloride (HCI) are alternately
infused at 120 drops per minute in a sequence unknown to the patient. If
the patient experiences pain during acid infusion that is identical to the clin-
ical pain, it is presumed that the pain is a result of acid reflux. Measurement
of esophageal peristalsis during acid infusion can document a motility dis-
order that may be responsible for the chest pain. The reliability of the
Bernstein test is diminished by its dependence on the subjective interpreta-
tions of the patient and the physician.
Ambulatory pH monitoring (see Chapter 8) by documenting the frequency
and duration of gastroesophageal reflux, may provide evidence for the cor-
relation of chest pain with episodes of reflux.

In medical centers which specialize in esophageal motility disorders, the
24-hour pH monitoring may also be combined with esophageal impedance
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Nutcracker

NEMD Esophagus
(25%—45%) (25%-45%)

DES
(10%-15%)

Achaasia
(5%—-10%)

Figure 22-1. Manometric diagnoses of esophageal motility disorders in patients with chest pain
of esophageal origin. NEMD, nonspecific esophageal motility disorder; DES, diffuse esophageal
spasm. (From data compiled from several reports. See Benjamin DS, Castell DO. Esophageal causes
of chest pain. In: Castell DO, Johnson LF, eds. Esophageal Function in Health and Disease. New York:
Elsevier; 1983.)

studies. There is a drop in impedance with each GER regardless of a change in
pH. Thus, impedance measurements allow the measurement and documenta-
tion of reflux episodes which may not be detected by pH monitoring as in alka-
line or neutral pH GER.

3. Other diagnostic studies. In most patients with noncardiac chest pain, it is
wise to look for gallstone disease by abdominal ultrasonography. Peptic disease
can be evaluated during the barium swallow radiographic study by extending
the examination to the stomach and duodenum. Similarly, endoscopy during
evaluation of esophageal disease should include examination of the stomach
and duodenum. In some patients, computed tomography (CT) scanning is
necessary to evaluate the pancreas and other abdominal organs.

Ill. TREATMENT
A. Esophageal motility disorders

1. With the exception of achalasia, all the esophageal motility disorders are
treated in roughly the same manner if they are associated with chest pain.
Specific foods or hot or cold beverages associated with symptoms should be
avoided. Agents to relax the esophageal smooth muscle have been used.
Sublingual nitroglycerin may be sufficient for intermittent symptoms, and long-
acting nitrates have been effective in some patients. The calcium channel block-
ing agents (nifedipine, diltiazem, verapamil) have received much attention, but
double-blind, placebo-controlled studies have not shown clear benefit.

2. Differentiation from angina pectoris. The perceptive reader already has dis-
cerned that the pharmacologic treatment of chest pain caused by an esophageal
motor disorder is similar to the treatment of angina pectoris. Thus, one may
ask whether it makes much difference to distinguish between the two. Although
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the treatment may be similar, the prognosis and the patient’s peace of mind cer-
tainly are different when the diagnosis is coronary artery disease.

3. Esophageal dilatation. One medical treatment of esophageal motor disorders
that does not apply to cardiac disease is esophageal dilatation. Simple passive
dilatation of the esophagus with a 30 French (F) to 40 F Maloney dilator has
been shown to provide temporary, sometimes long-standing, relief in some
patients.

4. Myotomy. An occasional patient with a well-documented motility disorder and
severe pain unresponsive to medical treatment may benefit from a long surgical
myotomy of the esophageal muscle coat.

5. Achalasia. The treatment of achalasia traditionally has been either forceful
dilatation or rupture of the hypercontracting LES with a balloon dilator or sur-
gical myotomy. Recently, long-acting nitrates and calcium channel blocking
agents have been successful in some patients.

B. Gastroesophageal reflux. The treatment of gastroesophageal reflux (GER) is
described in Chapter 20. A small minority of patients with GER also has an
esophageal motility disorder that is stimulated by GER. Treatment of the GER
treats the motility disorder in these patients.

C. Nonmotility esophageal disorders. The treatments of caustic ingestions, esophageal
infections, and esophageal cancer are reviewed in Chapters 16, 19, and 23, respectively.

D. Nonesophageal disorders. Identification of a nonesophageal disorder, such as
gallstones or peptic ulcer, in a patient complaining of chest pain does not neces-
sarily implicate that disorder as a cause of the chest pain. However, it is reasonable
to treat the disorder appropriately. If pain persists after successful treatment, addi-
tional esophageal or cardiac diagnostic studies may be indicated.
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ESOPHAGEAL CANCER

I. EPIDEMIOLOGY. Esophageal cancer is the sixth leading cause of cancer death
worldwide. The incidence varies substantially in different countries. The highest rates
are seen in China, Singapore, Iran, South Africa, France, and Puerto Rico.

In the United States, the incidence of esophageal cancer for the year 2006 was
14,550 new cases and 13,770 deaths. It is the seventh leading cause of cancer death in
American men. In the last 25 years, there has been a significant increase in the inci-
dence of adenocarcinomas of the distal esophagus and gastroesophageal junction. Also,
in the last 30 years, the incidence of adenocarcinoma of the esophagus has increased
in men and the incidence of squamous carcinoma of the esophagus has declined.

The incidence of esophageal carcinoma increases with age. The median age of
onset is 69 years. Males are 2 to 4 times more likely to develop esophageal cancer
compared to females. Squamous cell carcinoma is more common in African Americans
and adenocarcinoma is more common among Caucasians. The incidence rates within
the United States are higher in the Northeast and urban areas.

Approximately 10% to 15% squamous cancers originate in the upper third,
35% to 40% in the middle third, and 40% to 50% in the distal third of the esopha-
gus. Adenocarcinomas arise predominately in the distal esophagus and are commonly
associated with Barrett’s esophagus.

Esophageal cancers may develop as second primary tumors in patients with other
primary tumors of the upper aerodigestive tract. Between 5% and 12% of patients
with esophageal cancer are found to have synchronous or metachronous aerodigestive
tract cancer.

Other less common tumors of the esophagus include lymphoma, carcinosar-
coma, pseudosarcoma, squamous adenocarcinoma, melanoma, mucoepidermoid carci-
noma, squamous cell papilloma, primary small cell carcinoma, verrucous carcinoma, and
malignant carcinoid tumor the esophagus. Local spread from the lung and thyroid and
metastasis from distant cancers may occur but are rare.

PREDISPOSING FACTORS. Chronic use of alcohol and smoking are associated with
esophageal carcinoma. This may be due to chronic irritation of the esophageal mucosa
with these agents. Other conditions with increased prevalence of esophageal carcinoma
are lye strictures, achalasia, previous exposure to ionizing radiation, head and neck
cancer, Plummer-Vinson syndrome, tylosis, celiac sprue, and Barrett’s epithelium.

Squamous cell carcinoma accounts for less than one half of esophageal carcino-
mas. Adenocarcinomas of the esophagus, which used to account for less than 10% of
esophageal cancers, now account for greater than two thirds of all esophageal malig-
nancies in the United States. Adenocarcinoma usually arises from metaplastic columnar
epithelium (Barrett’s epithelium) and rarely from esophageal glands. Adenocarcinoma
of the stomach may spread to the esophagus by extension.

Gastroesophageal reflux disease (GERD) is thought to be the major risk factor
for esophageal adenocarcinoma. Recurrent symptoms of GERD seem to increase the
risk of esophageal adenocarcinoma by eightfold. The annual incidence of cancer in
Barrett’s epithelium is approximately 0.8%. Anticholinergic calcium channel block-
ers, nitrates, and theophyllines, by decreasing the lower esophageal sphincter tone, are
thought to increase the risk of adenocarcinomas of the esophagus. In addition, obe-
sity, which increases intraabdominal pressure and GERD, is an added risk factor.
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PROGNOSIS. The S-year survival rate for all patients is approximately 16%. The
S-year survival even with the earliest stages of cancer is only 50% to 80% and with
lymph node involvement it drops to below 25%. With locally advanced esophageal
cancer the survival drops to 5% to 10% (with radiation or surgery alone) and with
chemoradiation and surgery, it may be 25% to 27%.

Esophageal cancers grow extensively locally and invade adjacent structures.
The tumor has the propensity to spread longitudinally via lymphatic channels within the
esophageal wall to mediastinal cervical and celiac lymph nodes. There may also
be hematogenous spread to lungs, liver, and other organs. Esophagobronchial or
esophagopleural fistulas may form and manifest as recurrent pneumonia or abscess.
Erosion into the aorta may result in exsanguination.

. CLINICAL FEATURES. Progressive dysphagia for less than a year, first with solids

then with semisolids and liquids, is the most common symptom. Substernal
pain, usually steady, radiating to the back may also be present and may suggest
periesophageal spread of the tumor. Most patients complain of anorexia and pro-
found weight loss. Patients may have iron-deficiency anemia from blood loss from
the lesion, but brisk bleeding is rare. Hoarseness may result from involvement of the
recurrent laryngeal nerve. If the lesion is obstructive, patients may aspirate
esophageal contents and may present with aspiration pneumonia and pleural
effusion. Horner’s syndrome, cervical adenopathy, hpeatoroegalys, boney pain, and
paraneoplastic syndromes including hypercalcemia, inappropriate ACTH, and
gonadotropins may be present.

. DIAGNOSIS

A. A barium swallow is usually the first noninvasive test ordered to establish the
diagnosis of esophageal carcinoma. A double-contrast study may be helpful in
identifying small, plaquelike lesions. The usual finding is an irregular luminal nar-
rowing. There may be a ridge or shelf at the superior portion of the tumor.
However, the differentiation of the tumor from a benign peptic stricture can be
extremely difficult by radiography.

B. Endoscopy. Fiberoptic endoscopy allows direct localization and inspection of the
lesion. Retroflexion of the endoscope in the fundus of the stomach allows visual-
ization of lesions at the esophagogastric junction and cardia, which could not be
done by rigid scopes. Direct biopsies and brushings provide tissue for histologic
and cytologic examination.

C. Computed tomography (CT) is very helpful in determining the extent and spread
of extramucosal tumor.

D. Endoscopic ultrasonography (EUS). EUS, with its unique ability to define the
anatomy of the gut wall in detail, offers the most accurate method for evaluating
the depth of esophageal cancer invasion and detecting abnormal regional lymph
nodes. Because esophageal carcinoma originates in the mucosa and progressively
invades deeper layers of the esophageal wall, the TNM classification recommended
by the International Union Against Cancer and the American Joint Committee on
Cancer lends itself to accurate staging with EUS. T indicates depth of primary
tumor invasion, N indicates spread of cancer to regional lymph nodes, and M indi-
cates distant metastases.

E. Magnetic resonance imaging (MRI) is a technique in longitudinal and cross-
sectional body imaging. Currently, it offers no advantage over CT in detecting
infiltrating growth.

F. PET scan may improve the detection of stage IV disease.

G. Preoperative thoracoscopy and laparoscopy may help assess extent of local dis-
ease as well as the involvement of regional lymph nodes and celiac and perigastric
nodes.

H. Staging and prognosis. Pathologic stage is the most important factor in progno-
sis. Recurrence and survival are strongly related to depth of tumor invasion, metas-
tases to adjacent lymph nodes and distant organs. TNM system has been revised
and used in prognosis. T1-2, NOMO are potentially curable with surgery alone.
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Tumor invasion into serosa (T3) or regional or distant lymph node metastases (T4)
are associated with significant reduction in survival.

VI. TREATMENT. The therapy for carcinoma of the esophagus is determined by the stage
of the disease. The mainstay of therapy has been surgery, with or without radiother-
apy and chemotherapy. Inoperable tumors have been treated by radiotherapy because
squamous carcinoma of the esophagus is relatively radiosensitive. Chemotherapy
alone has not been very successful. Treatment protocols combining chemotherapy and
radiation therapy before and after surgery offer somewhat better results than single-
modality therapy. Most successful chemotherapeutic agents are the combination of
cisplatin, S-fluorouracil, paclitaxel, irinotecan hydrochloride, vinorelbine tartrate,
and gemcitabine hydrochloride preoperatively and as neoadjuvant chemotherapy.

A. Surgery. Total esophagectomy is the surgical procedure of choice. Patients with

lesions of the lower third that are less than 5 cm seem to do better. Because the
cure rate has been so dismally low with “curative” surgery, palliative resection has
been used to alleviate symptoms and allow patients to swallow.

The morbidity and mortality with a large thoracotomy are still very high in
these patients. The esophageal resection and esophagogastric anastomosis may be
done with a combined abdominal incision and a right thoracotomy. If the lesion is
low enough, an abdominal approach may suffice. For most lesions, it is preferred
to resect the involved portion of the esophagus with wide margins, bring the stom-
ach into the chest, and create an anastomosis with the remaining esophagus.
Colonic or jejunal segment interposition carries a high complication rate. For pur-
poses of palliation, the stomach may be anastomosed to the esophagus in a side-
to-side fashion to bypass the obstructed area.

. Radiation therapy

1. Radiation therapy for squamous cell carcinoma of the esophagus has been
used for attempted cure with unsatisfactory results. It is used in protocols before
or after surgery and for palliation.

2. Presurgical radiation therapy alone has not been found to increase the cure
rate.

3. Adenocarcinomas are resistant to radiation therapy.

. Other palliative measures

1. Mechanical dilatation. When surgery and radiation therapy are contraindi-
cated, or when these treatments have failed, mechanical dilatation of the
esophageal lumen may be attempted with Savary or balloon dilators under endo-
scopic guidance. Because the risk of esophageal perforation is high in these
patients, the dilatation should be done slowly and with great care.

2. Tube placement. If it becomes difficult to maintain a lumen at the area of the
tumor, a stent (plastic or metal) may be placed in the lumen endoscopically. These
tubes may also be used to close off, at least temporarily, a tracheoesophageal fis-
tula. These tubes may erode into the esophageal wall, causing ulceration, bleed-
ing, and perforation.

3. YAG-laser therapy has been found to be quite effective in palliation of patients
with advanced obstructing esophageal tumors. These masses may be “pared
down” by the laser to open the lumen. Lasers may also be useful in the treat-
ment of very early lesions. Additional controlled studies need to be done using
this technique.

4. Injection necrosis of fungating esophageal cancer can be accomplished with
intratumoral injection of absolute alcohol or ethylene glycol with endoscopic
visualization. In instances of luminal narrowing, malignant strictures may be
dilated first, and then injected concentrically to additionally “open up” the
lumen.

5. These palliative measures are usually repeated as needed with progressive,
repeated growth of the tumor.

. Selection of therapy. Presently, the optimal therapy for esophageal cancer is

unclear. A strong case can be made for establishing comparable diagnostic staging
criteria and treating newly diagnosed patients according to well-designed, established
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research protocols whenever possible. If the use of research protocols is not feasi-
ble, a reasonable approach is to use resectional surgery for “resectable” tumors in
the distal third of the esophagus (T,_; N,) with pre- and neoadjuvant chemoradi-
ation therapy. For patients who are poor candidates for surgery or who have
obstructing tumors, one or more of the listed palliative measures may be used.

E. Prevention and surveillance. Patients with recurrent symptoms of GERD are rec-
ommended to have endoscopy and biopsies for the diagnosis of Barrett’s esophagus.
Endoscopic surveillance will allow the diagnosis of earlier stage tumors and allow
for improved survival. Patients should be advised to stop smoking and use alcohol
in moderation. Current recommendations for patients with Barrett’s esophagus are
still debated, but most centers offer biannual endoscopic surveillance and annually
if there is low-grade dysplasia. Patients with high-grade dysplasia are recommended
to substantiate the diagnosis by two different pathologists, and then consider under-
going esophagectomy or mucosal ablation with photodynamic therapy.
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PEPTIC ULCER DISEASE

Zhe term peptic ulcer disease (PUD) refers to disorders of the upper gastrointestinal
tract caused by the action of acid and pepsin. These agents not only cause injury them-
selves, but also typically augment the injury initiated by other agents. The spectrum of
peptic ulcer disease is broad, including undetectable mucosal injury, erythema, erosions,
and frank ulceration. The correlation of severity of symptoms to objective evidence of dis-
ease is poor. Some patients with pain suggesting peptic ulcer disease have no diagnostic
evidence of mucosal injury, whereas some patients with large ulcers are asymptomatic.

I. PATHOGENESIS. Gastroduodenal mucosal injury results from an imbalance between
the factors that damage the mucosa and those that protect it (Fig. 24-1). Therefore,
injurious factors may predominate and cause injury not only when they are excessive,
but also when the protective mechanisms fail. Although we have learned much in
recent years about the mechanisms of injury and protection of the mucosa of the
upper gastrointestinal tract, we still have an imperfect understanding of why discrete
ulcers develop and why peptic disease develops in one person and not in another.

A. Injurious factors. The mucosa of the upper gastrointestinal tract is susceptible to
injury from a variety of agents and conditions. Endogenous agents include acid, pepsin,
bile acids, and other small-intestinal contents. Exogenous agents include ethanol,
aspirin, other nonsteroidal antiinflammatory drugs, and Helicobacter pylori infection.

Acid appears to be essential for benign peptic injury to occur. A pH of 1 to 2 max-
imizes the activity of pepsin. Furthermore, mucosal injury from aspirin, other non-
steroidal antiinflammatory agents, and bile acids is augmented in the presence of acid. On
the other hand, ethanol causes mucosal injury with or without acid. Corticosteroids,
smoking, and psychological and physiologic stress appear to predispose or to exacerbate
to mucosal injury in some people by mechanisms that are incompletely understood.

B. Protective factors. A number of mechanisms work together to protect the
mucosa from injury (Table 24-1).

1. Concepts
a. Gastric mucosal barrier. In the early 1960s, Horace Davenport identified
the so-called gastric mucosal barrier, which describes the ability of the gas-
tric mucosa to resist the back diffusion of hydrogen (H*) ions and thus to
contain a high concentration of hydrochloric acid within the gastric lumen.

When the barrier is broken by an injurious agent, such as aspirin, H* dif-

fuses rapidly back into the mucosa, which results in mucosal injury.

Cytoprotection. More recently, the concept of cytoprotection has been

developed to explain further the ability of the mucosa to protect itself. The

term cytoprotection is somewhat of a misnomer in that it does not refer to
the protection of individual cells but rather to protection of the deeper layers
of the mucosa against injury. The classic experiments of Andre Robert illus-
trate the phenomenon of cytoprotection. When he introduced 100% ethanol
into the stomachs of rats, large hemorrhagic erosions developed. However,
when he first instilled 20% ethanol, a concentration by itself that did not
cause gross injury, and subsequently administered 100% ethanol, no hemor-
rhagic erosions developed. Clearly, some endogenous protective mechanism
had been elicited by the preliminary exposure to a low concentration

v
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Figure 24-1. Diagram of factors that promote mucosal injury (Offense) versus those that protect
the mucosa (Defense). On the offensive side, hydrochloric acid (H*) is essential for the action of
pepsin and many ulcerogenic factors. For example, aspirin, bile acids, and the nonsteroidal antiin-
flammatory drugs cause much more mucosal injury in an acid milieu. The roles of corticosteroids,
smoking, and stress are less clear, but these factors probably contribute to mucosal injury. Alcohol
can cause mucosal injury without the assistance of acid. The defense of the mucosa is a complex
phenomenon that involves the interaction of a number of protective mechanisms indicated in the
figure. (See Table 24-1 and text.)

of the injurious agent. This protective effect was abolished by pretreatment
with indomethacin at the time of instillation of 20% ethanol. Because
indomethacin is a potent inhibitor of prostaglandin synthesis, this observation
suggested that cytoprotection was mediated by endogenous prostaglandins.
In fact, application of exogenous prostaglandins has been shown to protect
the gastric mucosa. Prostaglandins do inhibit gastric acid secretion, but their
cytoprotective effects can be demonstrated at doses below those necessary to
inhibit acid.
2. Mediators of mucosal protection

a. Mucus is secreted by surface epithelial cells. It forms a gel that covers the

mucosal surface and physically protects the mucosa from abrasion. It also
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I a/ B2 Gastroduodenal Mucosal Protective Factors

Concepts

Mediators

Gastric mucosal barrier Mucus
Cytoprotection Surface bicarbonate

Hydrophobic layer
Mucosal blood flow
Alkaline tide

Epithelial renewal
Restitution
Prostaglandins
Epidermal growth factor

resists the passage of large molecules, such as pepsin; however, H*, other
small particles, and ethanol seem to have little difficulty in penetrating mucus
to reach the mucosal surface.

. Bicarbonate is produced in small amounts by surface epithelial cells and

diffuses up from the mucosa to accumulate beneath the mucous layer, creat-
ing a thin (several micrometers) layer of alkalinity between the mucus and
the epithelial surface.

. The hydrophobic layer of phospholipid that coats the luminal membrane

of surface epithelial cells is believed to help prevent the back diffusion of
hydrophilic agents such as hydrochloric acid.

. Mucosal blood flow is important not only in maintaining oxygenation and

a supply of nutrients, but also as a means of disposing of absorbed acid and
noxious agents.

. The alkaline tide refers to the mild alkalinization of the blood and mucosa

that result from the secretion of a molecule of bicarbonate (HCO;") by the
parietal cell into the adjacent mucosa for every H* ion that is secreted into
the gastric lumen. This slight alkalinity may contribute to the neutralization
of acid that diffuses back into the mucosa and may augment the effects of
mucosal blood flow.

. Epithelial renewal, which involves the proliferation of new cells and sub-

sequent differentiation and migration to replace old cells, but which requires
several days, is necessary in the healing of deeper lesions, such as erosions
and ulcers.

. Restitution refers to the phenomenon of rapid migration, within minutes, of

cells deep within the mucosa to cover a denuded surface epithelium. This process
probably accounts for the rapid healing of small areas of superficial injury.

. Prostaglandins, particularly of the E and I series, are synthesized abun-

dantly in the mucosa of the stomach and duodenum. They are known to
stimulate secretion of both mucus and bicarbonate and to maintain mucosal
blood flow. Prostaglandins also may have beneficial protective effects
directly on epithelial cells.

Epidermal growth factor (EGF) is secreted in saliva and by the duodenal
mucosa and may exert topical protective effects on the gastroduodenal mucosa.

C. Relation of Helicobacter pylori to peptic disease. Since 1983, evidence has
accumulated to implicate a bacterium, H. pylori, in the pathogenesis of some forms
of peptic disease. The organism is found adherent to the gastric mucosal surface
and, when looked for, has been identified in more than 90% of patients with duo-
denal ulcer. Its presence has also been correlated with gastritis, gastric ulcer, and
gastric erosions and with chronic infection, gastric mucosal atrophy, intestinal
metaplasia, and in a minority of patients, gastric adenocarcinoma and MALT
lymphoma. Some patients with H. pylori are asymptomatic and may even have



Chapter 24: Peptic Ulcer Disease 159

normal-appearing gastric mucosa by endoscopy, but identification of the organism

is associated with histologic gastritis in nearly 100% of patients.

1. The mechanisms by which H. pylori are involved in the pathogenesis of peptic
conditions are unclear. H. pylori produce ammonia and elaborate other toxins that
may directly damage the mucosa and initiate an inflammatory response. The organ-
ism can be treated by bismuth-containing compounds (e.g., bismuth subsalicylate
[Pepto-Bismol]), PPI, and some antibiotics, which appear to facilitate the treatment
of the associated peptic condition. For example, patients with H. pylori-associated
duodenal ulcer have a longer period of remission when they receive treatment for
both the ulcer and the organism than when they are treated for the ulcer alone.

2. Treatment. Several studies have shown that duodenal ulcers may be curable by
eradication of H. pylori with so-called triple therapy (e.g., bismuth subsalicylate
q.i.d., tetracycline (or ampicillin) 500 mg q.i.d., and metronidazole 250 mg
q.i.d. for 2 weeks, plus omeprazole (Prilosec) 20 mg b.i.d. until healing. Other
studies have shown eradication rates higher than 90% with omeprazole
(Prilosec) 40 mg b.i.d. or lansoprazole (Prevacid) 30 mg b.i.d. or Pantoprazole
40 mg q.d. or Esomeprazole 40 mg q.d., or Rabeprazole 20 mg b.i.d., plus
amoxicllin 1 g b.i.d. and clarithromycin (Biaxin) 500 mg b.i.d. for 7 to 14
days. In penicillin-allergic patients, metronidazole (Flagyl) 500 mg b.i.d. may
be used instead of Amoxicillin. H. pylori eradication clearly reduces peptic ulcer
recurrence rates and is recommended for all patients with peptic ulcer disease
who are infected with H. pylori.

D. Relation of aspirin and other nonsteroidal antiinflammatory drugs to peptic
disease. Aspirin and other nonsteroidal antiinflammatory drugs (NSAIDs) cause
mucosal injury and ulceration throughout the entire gastrointestinal tract, especially
in the esophagus, stomach, and duodenum. The mechanisms of injury are multifac-
torial and include both direct mucosal injury and inhibition of prostaglandins that
are protective to the mucosa. The risk for mucosal damage related to aspirin and
NSAID ingestion is related to a previous history of peptic ulcer disease, high and
frequent doses of the drugs, and concomitant use of corticosteroids or use of more
than one NSAID. The mucosal injury may be diffuse, and ulcers may be multiple.
Patients may be asymptomatic or may have frank bleeding, anemia, or strictures.
There is some clinical evidence that the gastric infection, H. pylori, may contribute
to enhance mucosal damage from NSAIDs. Treatment is to discontinue the offend-
ing agents and, if necessary, begin histamine-2 (H,) blocker or PPI therapy. If NSAID
treatment must be continued, therapy with the synthetic prostaglandin E; derivative,
misoprostol 100 to 200 pg q.i.d. or a proton-pump inhibitor (PPI) (e.g., omeprazole
20-40 mg daily) has been shown to heal the mucosal lesions. Prostaglandins are
produced in the gastric mucosa by the progressive enzymatic action of cycloxyger-
anase I and II (COX) on arachidonic acid released from membrane phospholipids.
NSAIDS inhibit COX I and COX II enzymes. Specific COX II inhibitors have been
developed to allow the selective inhibition of those prostaglandins that are proin-
flammatory (e.g., in the joints). COX Il inhibitors (e.g., celecoxib [Celebrex])
inhibit prostaglandins that are effective in gastroduodenal mucosal protection to a
much lesser degree, and thus are thought to be safer to use in patients with history of
peptic ulcer disease.

Il. COMPLICATIONS OF PEPTIC ULCER DISEASE
A. Bleeding/hemorrhage. It is estimated that PUD is responsible for greater than

50% of all cases of UGI tract hemorrhage. Ulcers may erode into blood vessels and

may result in life-threatening hemorrhage. If bleeding is slower or intermittent, iron-

deficiency anemia may result. Some patients may also present with occult GI bleeding.

1. Patients with brisk bleeding from PUD usually present with hematemesis,
melena, and/or with hematochezia with clots and hypotension.

2. Risk factors for bleeding from PUD include ingestion of aspirin, NSAIDS,
platelet inhibitory drugs, coagulopathy, older age, and the presence of H. pylori
infection.

3. Treatment of GI bleeding from PUD is discussed in Chapter 14.
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B. Perforation. Duodenal or gastric ulcers may perforate into the peritoneal cavity. In

10% of patients, perforation is accompanied by hemorrhage. Initially, patients feel an
abrupt onset of intense abdominal pain which is then followed by hypotension and
shock as the peritoneal cavity is flooded by gastric juice and contents and peritonitis
develops. Mortality is imminent if appropriate therapy is not initiated immediately.

The risk of perforation is increased in patients with PUD who smoke, use
NSAIDs, and who are elderly. Use of crack cocaine has been associated with per-
forated ulcers in the younger patients, most likely as a result of cocaine-induced
vasoconstriction and ischemia of the gastric or duodenal wall.

Diagnosis is clinical; however, free air is noted within the abdominal cavity
on plain and upright x-rays of the abdomen in approximately 75% of patients. CT
scan offers confirmatory information. Endoscopy should be avoided. Patients
should receive intravenous broad spectrum antibiotics and immediate surgery is
recommended to close the perforation and irrigate the peritoneal cavity.

. Penetration occurs when PUD burrows through the gut wall into an adjacent organ

(i.e., pancreas, liver, or colon). Occasionally fistulas may develop. Pancreatitis, hem-
orrhage, or peritonitis may develop. Diagnosis is usually by CT scan. Treatment should
be tailored to pathology and may include surgery.

. Obstruction. PUD of the antrum, pyloric channel, and duodenum may result in

gastric outlet obstruction. Patients may present with early satiety, nausea, vomiting,
epigastric pain, and bloating. Dehydration and electrolyte abnormalities may occur.

Diagnosis may be made by plain x-rays, CT scan, and more definitely by UGI
endoscopy. The narrowed segment may be dilated endoscopically. Some cases
require surgery.

Ill. DIAGNOSIS
A. Clinical presentation

1. History. The classic symptoms of peptic ulcer disease—epigastric burning pain
on an empty stomach that is relieved by food or antacids—are familiar to most
physicians and laypeople. Sometimes the pain radiates to the back, suggesting
an ulcer of the posterior aspect of the duodenal bulb that may have penetrated
into the pancreas. However, many patients with peptic disease experience non-
specific abdominal discomfort, which broadens the differential diagnostic con-
siderations to include gastroesophageal reflux disease (GERD); gallbladder
disease; pancreatic disorders; cancer of the stomach, pancreas, or biliary system;
mesenteric vascular insufficiency; and irritable bowel syndrome. A minority of
patients has gastrointestinal bleeding, weight loss, or vomiting; the vomiting
may be caused by partial or complete gastric outlet obstruction.

Over the past three decades, the yearly incidence of discrete peptic ulcer
disease appears to have decreased, but peptic disease of other types, such as
gastritis and duodenitis, sometimes related to ingestion of aspirin, nonsteroidal
antiinflammatory drugs, corticosteroids, or ethanol have increased in incidence.
Thus, important historical information includes a record of drug and alcohol
use and a history of smoking, and previous diagnosis of peptic disease.

2. Physical examination. The physical examination of a patient with peptic dis-
ease may be normal. Some patients have upper abdominal tenderness and
guarding. Rigidity of the abdomen and absent bowel sounds suggests perfora-
tion. Stool should be tested for occult blood.

B. Diagnostic studies

1. Most patients with dyspepsia or uncomplicated peptic disease may initially
require no diagnostic study. It may be sufficient to begin empiric treatment H,
blockers or PPIs to control acid secretion. Patients also should be advised
regarding diet, smoking, and lifestyle, as described in section IV. If they do not
respond to treatment within a reasonable time, usually 2 to 4 weeks, endoscopy
should be considered, during which biopsies can be obtained to test for
H. pylori and, in the case of a gastric ulcer, to evaluate for a cancerous lesion.

2. Patients with potential complications. A minority of patients present initially
with signs or symptoms that should act as “red flags” to alert the physician
to the increased possibility of complications of peptic disease or cancer.
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These warnings are clinically significant weight loss, evidence of gastrointestinal
bleeding, repeated vomiting, and intractable abdominal pain. If one of these cir-
cumstances is present, prompt diagnostic evaluation rather than empiric therapy
is recommended. The diagnostic procedure preferred is upper gastrointestinal
(GI) endoscopy because of its superior diagnostic accuracy over upper GI series.
The upper GI series is often ambiguous or nondiagnostic and patients have to
undergo subsequent endoscopy to clarify the questions that remain. In general,
judicious use of endoscopy as the initial diagnostic study in selected patients
with peptic complaints probably is the most cost-effective approach.

3. Laboratory studies. Most patients with uncomplicated peptic disease require no
laboratory studies except for the determination of H. pylori status by serologic
testing. However, a complete blood count and serum electrolytes are indicated in
the evaluation of patients who have bleeding or vomiting. A serum amylase is
helpful in evaluating patients with persistent pain that radiates to the back. If
peptic disease is persistent or there is a strong family history of peptic disease, the
patient should be evaluated for a hypersecretory syndrome (see section IIL.C).

4. Serum gastrin levels may be elevated in conditions in which gastric acid secretion
is very low or absent or in conditions in which there is gastric acid hypersecretion
(Table 24-2). Because acid is the major inhibitory influence on antral gastrin release,
hypo- or achlorhydric conditions predispose to hypergastrinemia. However, in
these conditions there is no known adverse consequence of the hypergastrinemia
because the major end organ for gastrin, the parietal cell mass, is absent.

In hypersecretory conditions associated with hypergastrinemia, the source
of gastrin either is independent of normal physiologic control (e.g., Zollinger-
Ellison syndrome [ZES] and retained antrum syndrome), is an unusual phys-
iologic variant that results in too many G cells (antral G-cell hyperplasia), is a
consequence of antral stimulation (e.g., gastric outlet obstruction), is a result of
unopposed action of gastrin (e.g., hypersecretion after small-bowel resection),
or develops because of poor renal excretion of gastrin caused by renal disease.

Serum for gastrin determination should be drawn in the fasting state.
Because some patients with ZES may have intermittent secretion of gastrin,
repeated fasting serum gastrin determinations may be indicated.

5. The secretin stimulation test takes advantage of the peculiar response of gas-
trinomas to secretin. Normally, intravenous secretin inhibits the release of gas-
trin from antral G cells, and serum gastrin either falls or remains unchanged
after secretin injection. In patients with a gastrinoma, however, secretin stimu-
lates release of gastrin from the tumor, causing a prompt rise in serum gastrin.

To perform the test, give secretin-kai 2 U/kg of body weight by rapid intra-
venous push. Draw blood for serum gastrin 15 minutes and 1 minute before the
secretin injection, and at 2, 5, 10, 20, and 30 minutes after injection. In patients with
gastrinoma, the serum gastrin levels should rise rapidly within 5 to 10 minutes of
secretin administration. The increase usually is greater than 400 pg/mL. With other
causes of hypergastrinemia that are associated with hypersecretion of gastric acid,

I IR Z BN Hypergastrinemic Conditions

Hypergastrinemia without gastric acid Hypergastrinemia with gastric acid
hypersecretion hypersecretion

Pernicious anemia Zollinger—Ellison syndrome (gastrinoma)
Gastric atrophy Retained antrum syndrome

Antral G-cell hyperplasia
Gastric outlet obstruction
Partial small-bowel resection
Renal insufficiency
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such as the retained antrum syndrome (observed occasionally after an antrectomy
and gastrojejunostomy), gastric outlet obstruction, small-bowel resection, and renal
insufficiency, the serum gastrin level should decline or remain unchanged.

IV. TREATMENT. If peptic disease is complicated by bleeding, obstruction, or perforation,
the usual initial treatment includes intravenous fluids and nothing by mouth, and
intravenous administration of H, blockers or PPIs. For the patients with uncompli-
cated peptic ulcer disease, in addition to medical therapy, recommendations regarding
diet and lifestyle modifications are given.

A.

Diet

1. Food. Several controlled trials have indicated that rigid dietary restrictions are of
little or no benefit in healing peptic ulcers that are not accompanied by bleeding,
obstruction, or perforation. Thus, patients are advised to eat what they want.
Because food intolerances are unique to each person, patients should be advised to
avoid foods that they know cause discomfort. Alcoholic beverages and coffee are
restricted because of their ability to irritate the mucosa and stimulate gastric acid.
Frequent small feedings are unnecessary. Although food does buffer acid, it also
stimulates acid secretion. Because there are very effective methods for controlling
acid secretion pharmacologically, there is no need to rely on intragastric food to
buffer acid. Thus, patients are advised to eat three nutritionally balanced meals a
day. For the same reason, milk, which in the past achieved almost medicinal sta-
tus, should be used in moderation. Although milk does dilute and buffer acid, the
calcium and peptides it contains are strong stimulants of acid secretion, which
may overwhelm any initial benefit of milk.

Drugs and lifestyle modifications. Patients are recommended to stop smok-
ing, decrease or eliminate drinking alcohol, and not use aspirin and other
NSAIDS (prescribed or over-the-counter). In special circumstances when
patients have to take these drugs for cardiovascular, neurologic, or rheumato-
logic reasons, concomitant use of PPIs are recommended.

Control of smoking. Cigarette smoking appears to be a risk factor for the devel-
opment, maintenance, and recurrence of peptic ulcer disease. Several epidemio-
logic observations support this relation. First, smokers are more likely than
nonsmokers to have peptic ulcers. Second, peptic ulcers in smokers are more diffi-
cult to heal; they may require longer periods of treatment, may require higher
doses of antiulcer medications, or may be refractory to healing. Finally, after heal-
ing has been accomplished in smokers, relapse occurs sooner and more frequently
than in nonsmokers. Clinical trials suggest that, if smokers with healed ulcers stop
smoking, the rate of ulcer recurrence approximates that of nonsmokers.

Smoking has a number of effects on the function of the upper gastrointestinal
tract that may be relevant to the pathogenesis of peptic disease, including the
following;:

1. Increased gastric acid secretion.

2. Interference with the action of H, antagonists.
3. Increased gastric emptying of liquids.

4. Increased duodenogastric reflux.

5. Inhibition of pancreatic bicarbonate secretion.
6.

7.

ol

Diminished mucosal blood flow.
Inhibition of mucosal prostaglandin production.

The increased gastric emptying may present higher concentrations of acid
to the duodenum, whereas the inhibition of pancreatic bicarbonate secretion
interferes with the neutralization of acid within the duodenum. The adverse
effects on mucosal blood flow and prostaglandin synthesis would be expected
to decrease the mucosal resistance to injury.

All available evidence indicates that the adverse effects of smoking on gas-
tric emptying, duodenogastric reflux, pancreatic bicarbonate secretion, mucosal
blood flow, and mucosal prostaglandin production are related directly to the
act of smoking, and cessation of smoking is associated with recovery of these
functions within minutes to hours.
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C. Drug therapy
1. Agents that control acid

Antacids neutralize gastric acid within the lumen of the esophagus, stom-
ach, and duodenum. They have been used for many years and are effective in
relieving peptic symptoms.

i. Composition. The magnesium-containing antacids are more potent than
those that do not contain magnesium, but they tend to cause diarrhea.
Magnesium-free antacids tend to cause constipation. Sometimes the two
types are alternated to provide adequate acid control and regulate tolerable
bowel habits. Calcium-containing antacids offer the initial acid neutraliza-
tion and stimulate gastric acid secretion. Another consideration is the
sodium content of an antacid when prescribing for a patient who is on a
sodium-restricted diet.

ii. Dosage. Most patients take antacids for amelioration of symptoms only.
To treat peptic conditions with a full antacid regimen, about 30 mL
should be taken 1 and 3 hours after a meal and at bedtime. This regimen
requires a daily antacid intake of more than 200 mL, resulting in a
monthly cost in excess of $50. Because few patients are likely to adhere
to such a program and because of the expense, other medications,
described in the following sections, are preferred.

H, antagonists. Histamine is a potent stimulant of gastric acid secretion. For

this reason, agents that block the histamine receptor on the parietal cell, so-

called H, antagonists, are effective inhibitors of acid secretion. Interestingly,
the H, antagonists inhibit not only histamine-stimulated acid secretion, but
also acid that is stimulated by the vagus nerve (acetylcholine) and by gastrin.

This phenomenon suggests an interrelation among these three receptors. The

commercially available H, antagonists are cimetidine (Tagamet), ranitidine

(Zantac), famotidine (Pepcid), and nizatidine (Axid).

i. Dosage. Typical full therapeutic doses of these agents are cimetidine,
300 mg q.i.d. or 400 mg b.i.d.; ranitidine, 150 mg b.i.d.; famotidine,
20 mg b.i.d. or 40 mg once before bed; and nizatidine, 300 mg once
before bed. Alternate regimens also have been used, such as cimetidine,
800 mg at bedtime; and ranitidine, 300 mg at bedtime.

ii. Side effects. The H, antagonists are remarkably safe, although side effects
have been reported. These reports include rare instances of leukopenia and
the occasional occurrence of elevated liver enzymes, skin rash, constipation,
and diarrhea. Long-term use of cimetidine has been associated with gyneco-
mastia. Ranitidine appears to offer some advantage over cimetidine in that
it appears to cause less feminization in men and fewer central nervous sys-
tem effects, and it has lesser affinity for the cytochrome-P450 system in the
liver than does cimetidine, resulting in fewer drug interactions. Both cimeti-
dine and ranitidine interfere with gastric mucosal alcohol dehydrogenase
and, if taken before ingestion of alcohol, may increase serum alcohol levels.
This effect on alcohol dehydrogenase does not occur with famotidine.
Famotidine appears to offer many of the advantages of ranitidine and is
slightly longer acting. Nizatidine has a similar profile to ranitidine.

Prostaglandins. Prostaglandins are attractive on theoretical grounds

because they affect both sides of the mucosal injury-protection balance. They

inhibit acid secretion and exert a cytoprotective effect on the mucosa.

However, the dose required to elicit the cytoprotective effect is much lower

than the acid-inhibitory dose. When prostaglandins are administered in the

lower, cytoprotective dose, there is little evidence that they have any clinical
benefit.

Prostaglandin analogs (e.g., misoprostol [Cytotec]) have been used to
treat peptic conditions in clinical trials and appear to be as effective as H,
antagonists in healing ulcers when administered in doses that inhibit acid
secretion. However, there is little evidence that synthetic prostaglandins are
clinically effective when given in the lower, purely cytoprotective doses that
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have no effect on acid secretion. Whether the synthetic prostaglandins offer
any practical advantages over current therapy is debatable, although one
analog that is commercially available, misoprostol, appears to be useful in
the prevention and treatment of NSAID-induced gastric ulcers or erosions
(see section 1.D). Side effects of prostaglandins are diarrhea and abdominal
cramping related to the stimulatory effects of prostaglandins on intestinal
smooth muscle and secretion. The contractile effect of prostaglandins on
uterine smooth muscle could lead to abortion in pregnant women. For this
reason, prostaglandins are not recommended for pregnant women or women
of childbearing age who are not using a method of contraception.

d. Proton-pump inhibitors (PPIs). Currently there are six commercially avail-

able PPIs in the United States: omeprazole (Prilosec) and esomeprazole
(Nexium), lansoprazole (Prevacid), rabeprazole (Protonix), and omepra-
zole sodium bicarbonate (Zegerid). PPIs inhibit gastric acid secretion
nearly completely by covalently bonding to the H*-K*~ATPase or the proton
pump in the luminal aspect of the cell membrane of the parietal cells. These
drugs have been shown to be superior to H, antagonists in healing erosive
esophagitis and duodenal and gastric ulcers. Omeprazole was approved by
the Food and Drug Administration in 1989, lansoprazole in 1995, rabepra-
zole in 1999, pantoprazole in 2000, and esomeprazole sodium in 2001.
Pantoprazole, esomeprazole, and lansoprazole are also available in the intra-
venous formulation in the United States.

PPIs produce faster healing of duodenal ulcers than H, antagonists,
typically healing ulcers in 2 weeks rather than 4 weeks. PPIs also heal ulcers
that were resistant to therapy with H, antagonists. Similarly, PPIs heal gas-
tric ulcers faster than H, antagonists and heal gastric ulcers that are resistant
to H, antagonist therapy. Clinical studies have shown that PPIs heal gastric
and duodenal ulcers better than H, antagonists in patients who continue to
take NSAIDs. Furthermore, PPIs provide better prophylaxis against NSAID
damage in the duodenum and stomach than H, antagonists. All PPIs have
been shown to be highly effective as part of an anti-H. pylori regimen when
used along with clarithromycin and either amoxicillin or metronidazole.

PPIs are the drugs of choice for the treatment of patients with the ZES.
Extensive studies with omeprazole, lansoprazole, rabeprazole, pantoprazole,
and esomeprazole sodium confirmed their efficacy and long-term safety. Because
PPIs are safe, have minimal side effects, and heal peptic ulcers faster than H,
blockers, they are the drugs of choice in the treatment of peptic diseases.

2. Other drugs. Sucralfate (Carafate) is a substituted disaccharide related to

sucrose that appears to act, at least in part, by stimulating endogenous cyto-
protection. The drug disperses rapidly in gastric juice of any pH and adheres to
tissue protein. In addition to its cytoprotective effects, therefore, sucralfate may
temporarily cover ulcers and erosions to help protect them from gastric con-
tents, acid, and pepsin as they heal.

Sucralfate (1 g q.i.d.; or 2 g b.i.d.) is as effective as H, antagonists in healing
peptic ulcers. It also has been used to treat gastritis associated with NSAIDs and
erosive esophagitis. The drug may cause constipation but has no serious side effects.

. Perspective on drug therapy

a. Choice of drugs. A wide variety of antiulcer drugs are available to the prac-
titioner. There is little difference in efficacy among treatment regimens using
an antacid, an H, antagonist, a prostaglandin, or sucralfate.

However, PPIs offer advantages in terms of acceleration of healing and
are preferred in the treatment of esophageal, gastric, and duodenal ulcers as
well as refractory peptic ulcer disease and gastric hypersecretory syndromes
(e.g., ZES). All of the drugs are remarkably safe, and the choice of a drug
regimen depends largely on patient or physician preference, cost, and ease of
administration. All patients with peptic ulcer disease should be tested for
H. pylori either by serologic testing, breath test, or by endoscopic biopsy
techniques and treated for the cure of H. pylori infection.
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b. Long-term treatment. Peptic ulcer disease in most patients is a chronic
relapsing condition. Numerous studies have shown that maintenance ther-
apy with a dose of medication that is lower than the dose used to treat acute
disease markedly reduces the risk of ulcer recurrence. For example, treat-
ment of patients who have a healed duodenal ulcer with either cimetidine
400 mg at bedtime, ranitidine 150 mg at bedtime, famotidine 20 mg at bed-
time, or sucralfate 1 g b.i.d. for 1 year reduces the ulcer recurrence rate to
about 25% compared to a 75% recurrence rate in placebo-treated patients.
This experience raises some issues. On one hand, one must consider the
costs and risks of the drugs over the long-term; on the other hand, one must
also consider the cost and morbidity of ulcer recurrence. In some patients,
because of frequent symptoms or complications such as recurrent ulcer bleed-
ing, it is clear that a long-term treatment program is indicated. Other patients
have symptoms at predictable times and benefit from therapy that is limited
to several weeks to months. Still other patients have such infrequent or mild
symptoms that short, intermittent courses of antiulcer drugs are sufficient.
In patients who have H. pylori infection and peptic ulceration, eradica-
tion of H. pylori has been shown to reduce the recurrence rate of duodenal
and gastric ulcers. In patients with recurrent ulcers, H. pylori eradication
may result in permanent cure. See Chapter 26.
Treatment of H. pylori can be accomplished by various regimens including
bismuth based or PPI regimens that include two antibiotics. Since effective
treatment requires patient compliance, the simpler regimens are preferred.
These oral regimens included a PPI b.i.d., clarithromycin 500 mg b.i.d., and
amoxicillin 1 g b.i.d. or metronidazole 500 mg b.i.d. for 7 to 14 days or
Pylera, a new combination tablet that contains bismuth, tetracyclene, and
metronidazole as perscribed at does of 3 tablets t.i.d. Plus a PPI b.i.d. In
resistant cases, Rifampin may be used as an additional antibiotic.

D. Surgery for the treatment of peptic disease has decreased drastically over the past
two decades, probably because of the increased effectiveness of medical treatment
and the decline in prevalence of peptic ulcer in westernized countries. Surgery may
be performed because of hemorrhage, obstruction, perforation, or intractability.
Intractability means that medical management has failed to relieve pain or heal an
ulcer that has caused obstruction or recurrent bleeding.

1.

w

Most operations for peptic disease fall into the following categories:

Truncal vagotomy and pyloroplasty. In truncal vagotomy the vagi are cut as
they enter the abdomen adjacent to the esophagus. This not only deprives the
parietal cell mass of its vagal innervation, but also obliterates the vagal innerva-
tion to the muscle of the stomach, intestine, and gallbladder. A major conse-
quence is impairment in gastric emptying, which results in gastric stasis. To
counteract this effect, a gastric-emptying procedure, usually a pyloroplasty,
must be performed to allow adequate emptying of the stomach.

Highly selective vagotomy. Sometimes called a parietal cell vagotomy or
proximal gastric vagotomy, this operation selectively denervates the parietal
cell mass in the body and fundus while leaving intact the vagal innervation to
the antrum, thereby preserving antral motility and gastric emptying. This pro-
cedure obviates the need for a pyloroplasty.

The operation usually takes longer than a standard vagotomy and pyloro-
plasty because each neurovascular bundle that comes off the major branch of the
vagus along the lesser curve (the nerve of Latarjet) to supply the parietal cell mass
must be ligated and sectioned.

Billroth | and Billroth IlI. Billroth I operation is an antrectomy with reanasto-
mosis between the stomach remnant and the proximal duodenum; a Billroth II
procedure is an antrectomy with reanastomosis between the stomach remnant
and a loop of proximal jejunum. Both operations are usually coupled with a
truncal vagotomy. Thus, the cephalic (vagal) and gastric (gastrin) phases of acid
secretion are markedly attenuated. A Billroth procedure is more physiologic
because food traverses the same alimentary pathway as it did before surgery
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except that the antrum has been removed. In a Billroth II procedure, the food
bypasses a large portion of the proximal intestine, resulting in suboptimal
stimulation of bile and pancreatic secretion and poor mixing of food with these
secretions (see Chapter 28). Whether a Billroth I or Billroth II is performed
depends largely on technical considerations at the time of surgery.

E. Treatment of hypersecretory states

1. Gastrinoma. Current management of gastrinoma, or ZES, includes treatment with
H, antagonists or PPIs, such as omeprazole, often in high doses. For example, rani-
tidine 1,200 mg per day in divided doses is a typical regimen, but some patients may
require up to 6 g per day. Omeprazole 60 to 80 mg a day, or any other PPI, effec-
tively inhibits acid secretion in most patients who have ZES. Some evidence indicates
that highly selective vagotomy lessens the requirement for H, antagonists in many of
these patients, but the use of PPI has decreased the need for this operation.

2. Antral G-cell hyperplasia. Patients with antral G-cell hyperplasia have
increased numbers of antral G cells, which results in excessive gastrin secretion.
Whether antral G-cell hyperplasia is a distinct entity or is merely the extreme
end of a range of quantitatively different G-cell populations remains conjec-
tural. The secretin test (see section II.B.5) does not result in a rise in serum gas-
trin, as it does in ZES. Most patients respond well to H, antagonists. Because
antrectomy removes the source of gastrin in these patients, the operation should
be considered in patients with refractory illness.

3. Retained antrum syndrome. Retained antrum syndrome develops only in
patients who have had an antrectomy and gastrojejunostomy (Billroth II). At
the time of surgery, deformity of the antroduodenal area may make identifica-
tion of the demarcation between antral and duodenal mucosa difficult.

Inadvertently, a small portion of antral mucosa may remain behind and
become incorporated into the duodenal stump after the antrum has been
resected and the proximal duodenal stump has been oversewn. The G cells of
the retained antrum are bathed constantly in an alkaline milieu, which pro-
motes constant, uninhibited secretion of gastrin. Serum gastrin levels may rise
to the range of the ZES. However, the secretin tests (see section IIL.B.5) should
not produce a rise in serum gastrin as it does in ZES. Patients may respond to
H, antagonists or omeprazole, but the definitive treatment is reoperation to
remove the small portion of retained antrum.
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STRESS ULCER

3 tress ulcer refers to an ulcer or, more often, multiple ulcers that develop during the
severe physiologic stress of serious illness.

The pathogenesis of stress ulcer is unclear but probably is related to a reduction in
mucosal blood flow or a breakdown in other normal mucosal defense mechanisms
(see Chapter 24) in conjunction with the injurious effects of acid and pepsin on the
gastroduodenal mucosa.
A. The ulcerations may be superficial and confined to the mucosa, in which case
they are more appropriately called erosions, or they may penetrate deeper into the
submucosa. The former may cause diffuse mucosal oozing of blood, whereas the
latter may erode into a submucosal vessel and produce frank hemorrhage.
Location. Stress ulcerations may develop anywhere within the stomach and prox-
imal duodenum but are more likely to occur in fundic mucosa, which lines the body
and fundus of the stomach. This is in contradistinction to the location of ordinary
peptic ulcers, which typically are found in the gastric antrum and the duodenum.
C. The clinical setting is usually one of severe and often multisystem illness. For
example, elderly patients in a surgical intensive care unit (ICU) with heart and lung
disease have a high postoperative prevalence of stress ulcers. Similarly, patients in a
medical ICU, particularly those who require respirators, are at high risk of develop-
ment of stress ulcers. Although not proved, it is possible that poor mucosal
oxygenation, differences in acid—base balance, and elevated circulating cortico-
steroids may contribute to the formation of these ulcers.

DIAGNOSIS. Upper gastrointestinal bleeding is the usual clinical manifestation of
stress ulceration. In the appropriate clinical setting, the onset of bleeding makes the
diagnosis likely. The diagnosis can be confirmed and the extent of involvement
documented by upper gastrointestinal endoscopy after the initial management of
gastrointestinal bleeding has been started (see Chapter 14).

Treatment of stress ulceration usually begins with prevention. Careful attention to
respiratory status, acid-base balance, and treatment of other illnesses helps prevent
the conditions under which stress ulcers occur.

Patients who develop stress ulcers typically do not secrete large quantities of gas-
tric acid; however, acid does appear to be involved in the pathogenesis of the lesions.
Thus, it is reasonable either to neutralize acid or to inhibit its secretion in patients at
high risk. In patients admitted to surgical ICUs, hourly antacid titration to keep the
intragastric pH above 4 has been shown to reduce markedly the frequency of acute
bleeding. Because gastric-acid suppression with PPIs is much more profound, allowing
the gastric pH to rise to 5 or 6, PPI infusion IV is more effective in the prevention of
stress ulcers and stress ulcer bleeding.

Not all patients in an ICU require acid suppressive prophylaxis. Patients who
should be considered for a prophylactic regimen include those who are on respirators
and have multisystem disorders and those with a history of peptic ulcer or upper gas-
trointestinal bleeding. Once bleeding has occurred, however, intravenous acid
suppressive therapy with a PPI to keep intragastric pH above 5 remains the most
appropriate therapy (see Chapter 14).
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HELICOBACTER PYLORI

EPIDEMIOLOGY. Helicobacter pylori (H. pylori or HP) is a microaerophilic, flagel-
lated, highly motile, gram-negative spiral bacteria that was first isolated from mucosal
biopsies of patients with chronic active gastritis by two Australian investigators, Warren
and Marshall, who subsequently received the Nobel Prize in 2005 for their discovery.
The organism was first named “Campylobacter pyloris,” then the name was changed
to Helicobacter pylori when it was shown genetically that it was not a member of the
Campylobacter genus. HP is one of the most common human infectious agents and is
causally linked with neutrophilic gastritis, chronic active gastritis, atrophic gastritis,
peptic ulcer disease, gastric intestinal metaplasia, gastric adenocarcinoma, gastric
mucosa-associated lymphoid tissue (MALT) lymphoma, and gastric B-cell lymphoma.

HP infection occurs primarily during childhood and usually persists for life
unless the infection is adequately treated. The major risk factor for infection is the
socioeconomic status of the family during childhood. The prevalence of HP in the
United States has decreased in the white middle- and upper-class population 50 years
of age and younger, but the infection is still common among older persons (infected at
a younger age), the socially disadvantaged, and the immigrant populations.

HP has been found in water, stool, dental plaque, and saliva. There is strong
epidemiologic evidence for waterborne transmission in Peru and Colombia. Primary
mode of transmission is person to person, but oral, gastro-oral, and fecal spread is likely.

. VIRULENCE FACTORS OF HP ARE NUMEROUS AND INCLUDE

A. Motility. HP with its spiral shape and unipolar flagella is able to move from the
gastric lumen with low pH to gastric mucosal surface where pH is neutral, as well
as to other parts of the gastric surface where its growth potential is optimal.

B. Adherence factors. HP binds to gastric-type epithelium. This tissue tropism and
binding prevents the organism from being easily shed during cell and mucus
turnover. HP has several adhesion proteins that bind to the gastric mucosal cell
receptors (which are genetically controlled) which increases successful HP infection
and spread.

C. Urease. HP produces urease, an enzyme which hydrolyzes urea to produce ammo-
nia (NH;) to protect itself from gastric acid. Ammonia neutralizes the acid
surrounding HP as well as provides an essential basis for the “CLO” test used for
testing mucosal biopsies for the presence or absence of HP.

D. Toxins. HP possesses and/or elaborates various toxins that cause tissue injury of
the gastric mucosa in infected individuals. These include lipopolysaccharide (endo-
toxin bound to HP), neutrophil activating protein (NAPA), vacuolating cytotoxin
(VacA), cytotoxin-associated antigen (CagA-A), and outer membrane inflamma-
tory protein (OipA). Not all strains of HP possess all these toxins. Those strains of
HP which possess CagA and OipA seem to be exceptionally virulent and are asso-
ciated with more severe disease activity, PUD, and cancer.

INFECTION. Acute infection has been demonstrated dramatically by Warren and
Marshall, who voluntarily ingested a culture of HP and developed acute HP disease.
It is not known how often infection with HP spontaneously clears. In most cases,
infection is lifelong. Most infected persons develop chronic active gastritis. Gastritis
may be confined mostly to the gastric antrum and/or involve the entire stomach. In
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persons with predominately antral involvement, gastric acid secretion may be normal
or increased. In such persons, duodenal ulcer and esophagitis secondary to GER may
occur. In persons with diffuse HP infection of the entire stomach, gastric atrophy may
develop and acid secretion may diminish; in fact, these persons may develop hypo-
and achlordria and even vitamin B, deficiency. In advanced cases, intestinal metapla-
sia and gastric adenocarcinoma may develop. Once patients develop severe atrophy,
intestinal HP metaplasia or gastric adenocarcinoma may not be present in these tis-
sues where there is no acid secretion.

Interestingly, in persons treated with proton pump inhibitors (PPIs) chronically,
there is usually a shift of HP infection from the antrum to the corpus and accelerated
atrophic changes. Thus some experts advise eradication of HP before long-term PPI
therapy is instituted in HP-infected individuals.

In some patients, HP infection arouses a robust induction of lymphocytic infil-
tration of gastric mucosa with lymphocytic follicle formation and in some cases MALT
lymphoma. These have been seen to regress after appropriate HP eradication therapy.
However, B-cell lymphomas that develop in association with HP infection may not
regress after HP eradication and may need oncologic intervention.

DIAGNOSIS

A. Endoscopy and biopsy is the gold standard for the diagnosis of HP. Biopsies
should be obtained from all parts of the stomach since the colonization of HP is
spotty and is affected by the mode of infection, patients’ medications, and whether
patients are on acid-suppressive therapy. Histology not only confirms the presence
of HP, but also gives information on the presence or absence of gastritis, gastric
atrophy, intestinal metaplasia, MALT lymphoma, and cancer. Sensitivity ranges
from 90% to 95% and specificity 95% to 100%. False negative results occur in the
sections of recent GI bleeding, use of Bismuth-containing medications, antibiotics,
sucralfate, and acid-suppressive medications.

CLO test, PyloriTek test uses a biopsy in a medium containing urea which
undergoes color change if HP is present with urease activity.

HP may be cultured from gastric biopsies. This should be considered in
patients who have failed two courses of appropriate antibiotic treatment regimens
and are thought to have resistant HP.

Breath tests. Breath testing in patients infected with HP utilizes their ingesting
C,4 (radioactive) or C,; containing urea, then blowing into a container to measure
the tagged CO, released by HP degradation of urea (CONH,) by its urease which
releases CO, and NH. Sensitivity of breath testing ranges from 85% to 95% and
is operator-dependent. False negative results can occur in patients with history of
recent antibiotic, bismuth, sucralfate and antisecretionary therapy and in those
with advanced histologic changes such as atrophy and intestinal metaplasia.

C. Stool antigen test. A monoclonal and polyclonal antibody test is available to test
for HP antigen in stool samples. This has a similar sensitivity and specificity as
compared to breath tests. False negative tests are seen as in breath tests as well as
in patients with a history of recent GI bleeding.

Both the breath test and stool antigen test should not be done for at least

4 weeks after HP eradication therapy.
Serology. HP antibody may be detected in persons who have been infected with
HP. However, in many persons the IgG HP antibody persists in the plasma even
after proper eradication (at least for 18 months) and thus it is not a good measure
of current infection.

Salivary and urinary assay have similar sensitivity and specificity to serology.
When and whom to test. HP testing is recommended for patients who are to be
treated for the eradication of HP infection. In patients with history of PUD and
dyspepsia, if endoscopy is indicated, biopsies should be obtained from multiple
sites. In patients with gastric ulcer, biopsies should also be obtained from the ulcer
to check for cancer.

After eradication therapy, testing for presence of HP is not routinely
practiced. In patients with PUD-related GI hemorrhage or those with recurrent
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dyspeptic, symptoms may be tested for HP after at least 4 weeks have elapsed from
eradication, antibiotic, and acid antisecretory therapy. Stool antigen test, breath
test and, in indicated cases, endoscopy and biopsy may be used.

V. THERAPY. Combination therapy is required for successful HP eradication. The
current preferred therapy in the United States is twice daily PPI plus clarithromycin
500 mg b.i.d. and amoxicillin 1 g b.i.d. for 7 to 14 days.

Dual therapy with PPI and amoxicillin or clarithromycin is not recommended.

In patients with penicillin allergy, metronidazole 500 mg b.i.d. may be used.

In the United States there is documented resistance to metronidazole (25%),
clarithromycin (15%), and amoxicillin (1%).

Treatment failure may be attributed to patient noncompliance, smoking, concur-
rent use of sucralfate, and the presence of bacterial resistance to antibiotics.

Patients who fail the above therapy may be offered quadruple therapy recom-
mended by the European Helicobacter pylori Study Group. Quadruple therapy consists
of metronidazole 500 mg q.i.d., tetracycline 500 mg q.i.d., Bismuth subsalicylate
(Pepto-Bismol) tablets q.i.d., and a PPI b.i.d. for 2 weeks. To simplify this regimen, a
combination tablet (Pylera) is available. It contains Tetracyclene, metronidazole, and
bismuth salicate. The dose is 3 tablets t.i.d. plus twice daily PPL

In patients who are allergic or wish another regimen, a 10-day course of
levofloxacin 500 mg q.d. or 250 mg b.i.d., amoxicillin 1g b.i.d. and a PPI b.i.d. or
rifabutin 300 mg q.d., amoxicillin 1 g b.i.d. and a PPI b.i.d. may be used. Rifabutin may
cause bone marrow suppression, leukopenia, hepatitis, uveitis, and a polyarthralgia-like
syndrome.
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ost neoplasms of the stomach are malignant, and most of those are adenocarci-
noma. A minority are lymphoma, leiomyosarcoma, and liposarcoma. Benign neoplasms
include adenomatous, hyperplastic, and hamartomatous polyps; leiomyomas; and lipomas.
Rarely, gastrinomas, carcinoids, vascular tumors, fibromas, and squamous cell carcinomas
occur in the stomach.

Adenocarcinoma of the stomach is the second most frequent cause of cancer death
worldwide. In East Asia, Latin America, and the former Soviet Union, the incidence is up
to eight times higher than in the United States and it remains high among immigrants from
those areas. Although screening programs in high-risk areas such as Japan may result in
the detection of early lesions, in lower risk areas such as the United States and Western
Europe, most cancers are relatively advanced by the time of diagnosis.

I. GASTRIC ADENOCARCINOMA
A. Pathogenesis
1. Pathology
a. Early gastric cancer (EGC) is gastric cancer that has not penetrated the
major muscle layer of the stomach wall. EGC can be divided into three types
based on macroscopic appearance (Fig. 27-1).
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Figure 27-1. Classification of early gastric carcinoma according to the Japanese Endoscopy
Society. (From Green PHR, et al. Early gastric cancer. Gastroenterology. 81;247:1981. Reprinted with
permission.)
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b.

Advanced gastric cancer is gastric cancer that has penetrated the muscle

layer of the stomach. This condition also has been divided into three types:
i. Polypoid or intestinal

ii. Diffuse infiltrating or signet ring type

iii. Ulcerating

2. Risk factors (Table 27-1)

Some population groups appear to be at higher risk than others for devel-
opment of gastric adenocarcinoma. For example, the prevalence of gastric
cancer in Japan is about 10 times the prevalence in the United States.
Furthermore, in Japan approximately 30% of gastric cancers at the time of
diagnosis are EGC, whereas in the United States only 5% can be classified
as EGC. Japanese who move away from Japan to a low-risk area have a
similar risk to those who remain in Japan. However, second- and third-
generation Japanese children of these immigrants have a progressively lower
risk that approaches the local population.

. Several dietary factors have been implicated. Increased consumption of salt

appears to be a consistent finding. Dietary nitrates also may be important.
Cigarette smoking increases risk. However, a diet rich in fresh fruits and
vegetables, daily aspirin use, and COX-II antagonist reduce the risk.

. Conditions that predispose to achlorhydria, such as pernicious anemia and

atrophic gastritis, carry a higher than average risk of gastric cancer. Whether
this is because the reduced acid allows bacteria that have the capacity to
nitrosate dietary amines to carcinogenic nitrosamines to grow within the
stomach or because of other effects is not clear.

. Partial gastrectomy 15 or more years in the past was thought to be asso-

ciated with a higher risk of development of adenocarcinoma within the gas-
tric remnant. Recent evidence indicates that this increased risk is lower than
originally anticipated. Virtually all these patients eventually have chronic
gastritis and become hypo- or achlorhydric, which, as indicated previously,
may increase the risk of development of cancer.

. Helicobacter pylori infection has been associated with gastric adenocarci-

noma. The cancer is thought to arise from gastric intestinal metaplasia that
arises in patients who develop chronic atrophic gastritis with chronic infec-
tion with H. pylori. Especially those strains that are CagA+ appear to be
more carcinogenic than CagA— strains.

B. Diagnosis
1. Clinical presentation

a.

EGC typically is asymptomatic and usually is discovered during endoscopy
performed for other complaints. When symptoms have been attributed to
EGC, they usually are vague, such as epigastric discomfort and nausea.

I Risk Factors for Adenocarcinoma of the Stomach

Chronic gastritis with Helicobacter pylori infection

National origin (e.g., high risk in Japan, Chile, Finland)

Diet (e.g., high salt consumption, nitrates, smoking)
Achlorhydria

Histologic changes (e.g., atrophic gastritis, intestinal metaplasia)
Gastric adenomatous polyps

Hypertrophic gastropathy (Ménétrier’s disease)
Postgastrectomy

Male vs. female (1.5:1.0)

Blood group A
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b. Most patients in North America present with symptoms of advanced gastric

cancer.

i. Symptoms are primarily abdominal pain and weight loss, which may be
accompanied by anorexia, weakness, gastrointestinal bleeding, and signs
of gastric obstruction, such as early satiety or vomiting.

ii. Physical examination. An epigastric mass, an enlarged liver due to
metastases, or ascites may be evident. An umbilical mass, known as a
Sister Joseph’s nodule, is unusual. Metastasis to the ovaries has been
called a Krukenberg’s tumor, although this eponym also has been applied
to colonic and other gastrointestinal tumors that metastasize to the
ovaries.

2. Diagnostic studies
a. Upper gastrointestinal x-ray series versus endoscopy. Traditionally, an

upper gastrointestinal (GI) x-ray series has been the first diagnostic study. If

the patient in fact has gastric cancer and not a benign peptic lesion, the upper

GI series may reveal a mass lesion, ulceration, irregularity of the mucosa,

lack of distensibility of the stomach, or no definite abnormality. Any of these

abnormal findings requires endoscopic confirmation and biopsy.

Furthermore, because patients with abdominal discomfort plus weight
loss, bleeding, or vomiting who have negative or inconclusive findings on
upper GI x-ray series still require endoscopy, the most cost-effective approach
to such patients may be to begin with endoscopy.

b. At endoscopy, the appearance of the lesion can be assessed, the lesion can be
biopsied and brushed for cytologic study, and the pH of the gastric contents
can be determined. In ulcerating lesions, six to eight biopsies of the ulcer edges
are necessary to provide a 95% chance of obtaining a positive result if the
lesion is indeed cancerous. An acid pH of the gastric aspirate indicates, of
course, that the stomach is capable of secreting acid. On the other hand, a
neutral pH at endoscopy does not necessarily indicate achlorhydria.
Endoscopic ultrasound is an excellent modality for staging of gastric can-
cers. The depth of invasion of the tumor can be easily determined, allowing
accurate diagnosis of EGC which may be treated by endoscopic mucosal
resection (EMR).

d. Serum carcinoembryonic antigen (CEA) levels are elevated in about one
third of patients with advanced gastric cancer but are not helpful in making
the diagnosis. As with colon cancer, serial CEA determinations may be use-
ful in the postoperative follow-up of patients to indicate recurrences or to
estimate metastatic tumor burden.

e. Hematocrit and hemoglobin levels may be normal but typically are
decreased in advanced gastric cancer due to bleeding and the extent of
chronic disease. If the patient has pernicious anemia (as a predisposing cause
of gastric cancer), the anemia may be macrocytic.

f. An elevated alkaline phosphatase level may indicate metastases to the
liver. An elevated 5'-nucleotidase level confirms that the liver is the origin
of the abnormality in alkaline phosphatase.
Computed tomography (CT) of the abdomen should be performed to survey
for liver metastases, lymph node enlargement, and the extent of the primary
tumor. If endoscopic biopsy fails to make a histologic diagnosis, CT- or
ultrasound-guided needle aspiration of a mass lesion or a percutaneous liver
biopsy in patients with elevated alkaline phosphatase may provide diagnostic
tissue.

C. Treatment
1. The prognosis for gastric cancer is poor. The overall 5-year survival rate is

18.6%. Untreated, the median life expectancy in advanced disease with liver

metastases is 4-6 months and in patients with peritoneal carcinomatosis 4-6

weeks. However, if the tumor is confined to the mucosa and submucosa (EGC)

and there are no metastases or lymph node involvement, the 5-year survival
rate exceeds 90%. Unfortunately, most patients with gastric cancer in the
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United States already have metastases or involvement of contiguous structures

or lymph nodes at the time of diagnosis.
2. Surgery currently is the only hope of cure. About 20% of patients are deemed
inoperable because of the extent of disease or high operative risk. Of the
remaining 80% who undergo surgery, about half undergo a curative resection,
and the other half are given palliative treatment for bleeding or obstruction.
However, only about 20% of patients who have had a curative resection sur-
vive 5 years. Results might be better with extensive lymph node dissection and
lymphadenectomy.
Chemotherapy and radiotherapy. Both chemotherapy and radiotherapy
alone for gastric cancer have been disappointing. If the patient’s condition is
operable, the initial resection of as much tumor mass as possible seems to
improve the efficacy of chemotherapy and radiotherapy. Adjuvant chemother-
apy using S-fluororacil, mitomycin, doxorubicin, Cisplatin, and irinotecan
seems to improve survival. Adjuvant radiotherapy alone has no effect on long-
term survival. However, combined chemotherapy and radiation in the adjuvant
setting improves overall survival.
Other treatment measures. Patients with gastric cancer require careful atten-
tion to nutritional needs. Partial or complete gastric resection imposes addi-
tional nutritional consequences (see Chapter 28). These patients may require
supplemental vitamins, particularly vitamin B,,, and minerals such as calcium
and iron.
Follow-up. Patients who have been operated on for cure should be examined
by the physician every several months for clinical and laboratory evidence of
recurrence. Weight loss, gastrointestinal bleeding, and obstruction—all the signs
of original disease—may signify recurrence. It is reasonable to check a complete
blood count, routine liver tests, and CEA level every 3 to 6 months for the first
1 to 2 years after surgery and every 6 to 12 months thereafter. Yearly upper GI
endoscopy to look for local recurrence also is appropriate during the first
S years.
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Il. OTHER GASTRIC TUMORS

A.

Malignant tumors. Other malignant tumors include lymphoma, leiomyosarcoma,
liposarcoma, and carcinoid. Of these, primary gastric lymphomas account for
most of the noncarcinomatous gastric malignancies. The stomach can also be
involved secondarily by disseminated lymphoma or by metastatic cancer from
other sites.

1. Clinical presentation and diagnosis. Patients with other gastric neoplasms
present clinically with abdominal pain, weight loss, anorexia, and vomiting,
signs and symptoms that are similar to those observed in patients with adeno-
carcinoma of the stomach. The methods of diagnosis are also similar.
Prognosis and treatment. Because lymphoma responds better than adenocar-
cinoma to radiation and chemotherapy, the prognosis is better. The 5-year sur-
vival rate of patients with gastric lymphoma is about 50%. If the lymphoma is
confined to the stomach, surgical treatment is indicated. If regional nodes or
distant sites are involved, radiotherapy or chemotherapy with or without
surgery may be indicated.

MALT lymphoma. Low-grade B-cell lymphomas of mucosa-associated lymphoid
tissue (MALT) are thought to arise within organized lymphoid tissue in the gastric
mucosa that is most frequently acquired in response to H. pylori infection. Long-
term remissions can be induced in the low-grade MALT lymphomas in 70% to
80% of cases by the successful eradication of the H. pylori infection. The lym-
phomas that are most likely to respond to the H. pylori eradication are those that
are located superficially within the gastric mucosa. Recurrences of low-grade
lymphoma are encountered in patients treated by H. pylori eradication, but
these appear to be infrequent and may be self-limiting and spontaneously regress
without surgery. Deeper and higher grade lesions need to be treated as B-cell
lymphomas.

n
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C. Polypoid lesions and benign tumors. The term polyp refers to any protrusion
into the lumen of a viscus and thus does not necessarily connote benign or malig-
nant histopathology. In common medical usage, however, the term polyp usually
refers to a lesion of epithelial origin.

1. Histologic types. Gastric polyps are adenomatous, hyperplastic, or hamar-
tomatous. Of these, only adenomatous polyps and carcinoids appear to have
malignant potential. Other benign lesions that may resemble gastric polyps
grossly are lelomyomas and lipomas. Small polyps normally seen in the gastric
corpus are usually fundic gland polyps that contain dilated gastric glands.

2. Diagnosis. Often, benign polypoid lesions are discovered incidentally during
upper GI x-ray series or endoscopy. The studies may have been performed for
complaints of nausea, abdominal pain, or weight loss, but whether the polyps
are responsible for those complaints is conjectural.

Regardless of how the polypoid lesion has been identified, endoscopy
should be performed to clarify the appearance of the lesion, to obtain biopsies,
and to survey for other lesions. If possible, adenomatous polyps should be
removed endoscopically. Polyps that cannot be removed should be biopsied and
brushed for cytologic study.

8. Treatment. The diagnosis of frank carcinoma, lymphoma, or other malignancy
leads to appropriate treatment of that condition. Removal of an adenomatous
polyp removes the risk of malignant degeneration. The diagnosis of a benign,
nonadenomatous polypoid lesion is reassuring in that the lesion is not cancer-
ous and will not become cancerous.
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POSTGASTRECTOMY DISORDERS

astrectomy usually means removal of part of the stomach and anastomosis of the
gastric remnant with either the duodenum (Billroth I) or a loop of proximal jejunum
(Billroth II) (see Chapter 24). These operations typically are performed as surgical treatment
of peptic ulcer disease or cancer of the stomach. Rarely, the entire stomach is removed.
Removal of part or all of the stomach can be associated with a variety of conse-
quences and complications (Table 28-1). These may range in severity from a simple inabil-
ity to eat large meals, due to loss of the reservoir function of the stomach, to more serious
complications, such as severe dumping and profound nutritional sequelae.

I. DUMPING SYNDROME
A. Pathogenesis. The dumping syndrome develops as a result of the loss of pyloric
regulation of gastric emptying. Thus, strictly speaking, a portion of the stomach
does not necessarily have to be removed; a pyloroplasty alone can lead to the
dumping syndrome. After a pyloroplasty or an antrectomy, hyperosmolar food is

“dumped” rapidly into the proximal small intestine.

1. During the early phase of the dumping syndrome, the hyperosmolar small-
bowel contents draw water into the lumen, stimulate bowel motility, and release
vasoactive agents, such as serotonin, bradykinin, neurotensin, substance P, and
vasoactive intestinal peptide from the bowel wall. Patients experience abdomi-
nal cramps, diarrhea, sweating, tachycardia, palpitations, hypotension, and
light-headedness. These effects typically occur within 1 hour after eating.

2. In the late phase, because of the absorption of a large amount of glucose after
the meal, plasma insulin rises excessively and blood sugar may plummet.
Consequently, the patient may experience tachycardia, light-headedness, and
sweatiness 1 to 3 hours after a meal.

B. Diagnosis. The typical symptoms and signs in the setting of gastric surgery usu-
ally are sufficient to make the diagnosis of dumping syndrome. A blood sugar

Complications of Gastric Surgery

I. Dumping syndrome
Il. Recurrent ulcer
Il Nutritional and metabolic sequelae
A. Loss of weight
1. Poor food intake
2. Dumping syndrome
3. Malabsorption
B. Malabsorption, with or without weight loss
1. Malabsorption of iron, calcium, folate, vitamin B,
2. Malabsorption of fat, protein, carbohydrate
IV. Afferent loop syndrome
V. (?) Carcinoma in the gastric remnant
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determination several hours after a meal when symptoms are at their worst may be
helpful in confirming the late phase.

C. Treatment. Patients are advised to eat small meals six to eight times a day.
Carbohydrates are restricted to minimize glucose absorption. Medications to
reduce bowel motility, such as diphenoxylate or loperamide, may be helpful. In
rare instances, surgical revision with anastomosis of the gastric remnant to an
antiperistaltic segment of jejunum may be necessary.

Il. RECURRENT ULCER

A. Pathogenesis. About 1% to 3% of patients who have undergone partial
gastrectomy for ulcer disease develop a recurrent ulcer. Recurrent ulcers nearly
always occur in small intestinal mucosa adjacent to the anastomosis (duodenal
mucosa in a Billroth I, jejunal mucosa in a Billroth II). The factors that contribute
to the development of a recurrent ulcer are similar to those that contributed to the
original ulcer disease (see Chapter 24). A recurrent ulcer after surgery raises the
question of the adequacy of the operation. Also, the possibility of an acid hyper-
secretory syndrome (e.g., gastrinoma or retained antrum) must be considered.
Diagnosis. Patients with recurrent ulcers usually experience abdominal pain that
may or may not be similar to their original ulcer pain. Typically, the pain is relieved
by food, although in some patients the pain is aggravated by eating. As in ordinary
ulcer disease, bleeding, obstruction, and perforation can occur. The diagnosis is
established by endoscopy. Because of the surgical deformity at the anastomosis, the
endoscopist must be especially attentive to examining the folds and crevices in the
vicinity of the anastomosis.

The documentation of a recurrent ulcer is an indication for at least a fasting
serum gastrin determination. Formal acid secretory testing (see Chapter 24) may
not be reliable because of the loss of acid through the widely patent anastomosis.
If the ratio of basal acid output to maximal acid output exceeds 60 %, that is sug-
gestive of a gastrinoma or another acid hypersecretory syndrome, but a low ratio
does not exclude such a syndrome. If suspicion is high for a Zollinger-Ellison-like
syndrome, a secretin stimulation test should be performed (see Chapter 24).
Treatment. Conventional ulcer therapy (see Chapter 24) may be sufficient. Some
patients require chronic treatment with acid-suppressive drugs. Those in whom
such therapy fails may benefit from more extensive surgery. A demonstrated acid
hypersecretory condition may require more specific treatment (see Chapter 24).

o

Ill. NUTRITIONAL AND METABOLIC SEQUELAE
A. Pathogenesis
1. The weight loss that commonly occurs after gastric surgery is multifactorial.
First, the storage capacity of the postsurgical stomach is limited, thereby
restricting the amount of food that can be consumed at one meal. Second, if the
dumping syndrome is present, the patient may reduce food intake to avoid
unpleasant consequences. Thus, malabsorption may contribute to weight loss
due to failure to absorb adequate calories and nutrients.
2. The causes of malabsorption are numerous
a. The reduction in gastric acid contributes to the malabsorption of dietary
iron. If the patient has a gastrojejunal anastomosis (Billroth II), bypass of
the duodenum also results in poor absorption of iron, calcium, and folate.
Thus, iron- or folate-deficiency anemia or a manifestation of calcium defi-
ciency, such as osteoporosis, may develop.
Bypass of the duodenum also means that food-stimulated secretin and chole-
cystokinin release is diminished, resulting in delayed and attenuated bile
and pancreatic secretions. Furthermore, the digestive enzymes mix poorly
with the food as they “chase” it down the small intestine.

Rarely, bacterial overgrowth develops within the afferent loop after
Billroth II surgery, causing deconjugation of bile acids and contributing to
the fat malabsorption. The dumping syndrome, if present, adds to poor
mixing, even in patients with a gastroduodenal anastomosis (Billroth I).

v
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c. Malabsorption of vitamin B,, may occur. Normally, intrinsic factor (IF) is
secreted by gastric parietal cells in excess of what is needed to complex with
dietary vitamin B,,. An acid-reducing operation by itself is not sufficient to
compromise vitamin B, absorption. However, most patients who have
undergone partial gastrectomy have chronic gastritis, presumably because of
reflux of small-intestinal contents, which can result in gastric atrophy and
loss of parietal cells over several years. Secretion of IF diminishes, and the
neurologic or hematologic consequences of pernicious anemia may develop.

Diagnosis. Many of the nutritional and metabolic manifestations of the postgas-
trectomy state are self-evident. Routine hematologic studies plus serum iron,
ferritin, and vitamin B, levels help in determining the cause of anemia and in plan-
ning appropriate treatment. Because of normal homeostatic mechanisms, serum
calcium usually remains normal.

A quantitative stool fat determination may document the severity of malab-

sorption. However, even patients who do well after gastric surgery typically have
mild elevations in stool fat in the range of 5 to 10 g per day. An abnormal vita-
min B, absorption test (Schilling test) without IF, which normalizes with added
IF, can document the lack of IF in patients with macrocytic or mixed anemia.
Endoscopic biopsy showing atrophic gastritis lacking parietal cells confirms the
diagnosis.
Treatment. The patient is advised to consume frequent small feedings to accom-
modate the small gastric remnant. Antidiarrheal agents may be helpful. If fat mal-
absorption is a prominent feature, a low-fat diet, perhaps supplemented with
medium-chain triglycerides (which do not require bile acids for absorption) should
be prescribed. In patients with fat malabsorption, an empiric trial of tetracycline,
250 mg four times daily for 7 to 10 days, is justified because documentation of
bacterial overgrowth in the afferent loop is difficult.

IV. AFFERENT LOOP SYNDROME

A.

Pathogenesis. The afferent loop syndrome may occur in patients with a gastroje-
junostomy. This term does not refer to the blind loop syndrome. Occasionally this
is a point of some confusion. The blind loop syndrome, which means bacterial
overgrowth in a blind or stagnant loop of bowel or within a diverticulum with con-
sequent bile acid deconjugation and fat malabsorption, certainly can occur in the
afferent loop.

The afferent loop syndrome develops because of a stricture or kinking of the

afferent, or proximal, loop of a Billroth II anastomosis. This defect impairs the
egress of fluid from the duodenum. When the patient eats, biliary, pancreatic, and
duodenal secretions enter the duodenum. If these secretions cannot pass easily to
the gastrojejunal anastomosis, the afferent loop becomes distended, causing severe
epigastric pain. As the pressure within the loop increases, the obstruction is sud-
denly overcome, culminating in vomiting and prompt relief of pain.
Diagnosis. The clinical story of severe abdominal pain developing during or
shortly after eating and relieved promptly by vomiting in a patient with a Billroth II
anastomosis is highly suggestive. Documentation by objective testing is difficult.
HIDA scanning may help confirm the diagnosis if isotope is seen to fill and distend
the afferent loop during development of typical pain, without entry into the stom-
ach or distal jejunum. The patient should undergo endoscopy to look for an anas-
tomotic ulcer or a constriction within the afferent loop. However, kinking of the
loop is difficult to determine by endoscopy. Although an upper gastrointestinal
x-ray series usually is not helpful, it may suggest kinking of the loop and can indicate
the length of the afferent loop and its position in the abdomen.

The diagnosis of afferent loop syndrome is made after much deliberation in
patients who have symptoms consistent with the diagnosis and in whom another
cause for the symptoms cannot be found.

Treatment. Medical management of the afferent loop syndrome usually is unsat-
isfactory. Sometimes frequent small feedings prevent symptoms. If an anastomotic
ulcer is discovered, that can be treated. An occasional patient improves with the
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passage of time. The definitive treatment is surgical and consists of either relieving
adhesive bands or shortening the afferent loop and reforming the anastomosis.

V. CHRONIC GASTRITIS AND CARCINOMA IN THE GASTRIC REMNANT

A. Pathogenesis. In some studies, patients who have undergone partial gastrectomy
appear to be at increased risk to develop adenocarcinoma within the remnant
15 years or more after surgery. The first estimates of the prevalence of this
complication were about 5%, but subsequent evidence indicates that the risk may
be much lower. Postgastrectomy adenocarcinoma usually occurs in the gastric
mucosa at the anastomosis. The pathogenesis is thought to be related to the
chronic gastritis that invariably develops and is most severe at the anastomosis.

B. Diagnosis. In view of the evidence that the risk of adenocarcinoma arising in the
gastric remnant may be considerably less than originally estimated, routine sur-
veillance endoscopy in asymptomatic patients does not appear to be cost effective
and thus is not recommended. However, the physician should be attentive to
changes in symptoms or clinical status in postgastrectomy patients that may
indicate the development of neoplasia. These include the development of new or
different abdominal symptoms, anorexia, vomiting, weight loss, and gross or
occult gastrointestinal bleeding. The appropriate diagnostic study is endoscopy
with biopsy of the anastomosis.

C. The treatment of gastric cancer is discussed in Chapter 27, section I.C.
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DIARRHEA

%iarrhea can be defined as an increase in the fluidity, frequency, and volume of daily
stool output. The daily stool weight is usually increased over the normal average of 200 g
due to an increase in the stool water above the normal content of 60% to 75%. There may
also be a change in the stool solids.

I. NORMAL INTESTINAL FLUID BALANCE. During fasting, the intestine contains very lit-
tle fluid. On a normal diet of three meals a day, about 9 L of fluid is delivered to the small
intestine. Oral intake accounts for 2,000 mL, and the remainder is secreted from various
parts of the gastrointestinal tract into the lumen (Table 29-1). Of this, 90% is absorbed in
the small intestine. One to two liters is presented to the colon, and approximately 90% is
absorbed. The colon has the capacity to absorb all of the fluid presented to it, but the pres-
ence of unabsorbed osmotically active solutes from the diet (e.g., some carbohydrates) and
from bacterial action prevents complete fluid absorption and desiccation of the fecal mate-
rial. This results in 100 to 200 mL of fluid in the stool. Thus, approximately 98% of the
fluid presented to the intestine each day is absorbed by the small and large intestines.

Feces on the average contain 100 mL of water, 40 mEq/L of sodium (Na*), 90 mEq/L
of potassium (K*), 16 mEg/L of chloride (Cl™), and 30 mEq/L of bicarbonate (HCO;™).
The remaining anions are organic and result from bacterial fermentation of unabsorbed
carbohydrates. The gastrointestinal tract does not have diluting mechanisms; thus, the
osmolality of the fecal fluid is never less than the osmolality of plasma. In fact, osmolality
of fecal fluid is usually greater than that of plasma due to continuing bacterial fermenta-
tion of unabsorbed carbohydrates into osmotically active particles after defecation.

Water transport across the intestinal epithelium is passive. It is secondary to
osmotic gradients generated by active transport of electrolytes such as Na* and Cl~ or
other solutes, such as sugars and amino acids. Intestinal ion absorption occurs mainly
across epithelial cells that reside at the tips of the villi. Crypt cells are involved in ion
secretion: Na* is the major ion actively absorbed, and Cl™ is the major ion secreted.

Na* is actively absorbed throughout the intestinal tract empowered by the Na*
pump in the form of Na*-K~—ATPase located in the basolateral plasma membrane of
intestinal epithelial cells. Thus water is absorbed along with Na*.

I ay::ESP R Normal Daily Intestinal Water Input

Source Volume (mL)
Oral 2,000
Secretions
Salivary 1,500
Gastric 2,500
Pancreatic 1,500
Biliary 500
Small intestinal 1,000
Total 9,000
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Active intraluminal secretion in the intestine is accomplished by active secretion of

Cl™. This process is also powered by Na*-K™—ATPase located in basolateral membranes
of the crypt cells. Cl~ secretion is also followed by water secretion into the intestinal
lumen.

Any process that either impairs absorption of Na* and water or causes Cl~ and

water to be secreted into the intestinal lumen can result in diarrhea.

Il. PATHOPHYSIOLOGY OF DIARRHEA. There are four major mechanisms of diarrhea.

A. Osmotic diarrhea, in which there is increased amounts of poorly absorbable,

osmotically active solutes in the gut lumen.

B. Secretory diarrhea, in which there is, increased Cl~ and water secretion with or

without inhibition of normal active Na* and water absorption.

C. Exudation of mucus, blood, and protein from sites of active inflammation into the

bowel lumen.

D. Abnormal intestinal motility, with increased or decreased contact between

luminal contents and mucosal surface.

Ill. OSMOTIC DIARRHEA

A. Causes. Osmotic diarrhea is caused by ingestion of a poorly absorbable solute,

usually a carbohydrate or a divalent ion (e.g., magnesium [Mg2*] or sulfate [SO%_])
(Table 29-2). The higher osmolality of the luminal contents causes water influx into
the intestinal lumen across the duodenal and jejunal epithelium to dilute the solute,
in an attempt to make the chyme isotonic. Due to the leakiness of this epithelium,
Na* follows the influx of water from the plasma to the gut lumen due to the dif-
ference in the Na* concentration gradient. This Na* influx causes further influx of
water even after the osmolality of the luminal contents and plasma is identical. In
contrast, the epithelium of the ileum and colon has a low permeability to Na* and
to the solute. It also has an efficient active ion transport mechanism that allows it
to reabsorb Na* and water even against a steep electrochemical gradient. Thus,
water is absorbed as it traverses the ileum and colon, and the severity of the osmotic
diarrhea is reduced. This has been called “colon salvage.” Since the fluid volume
entering the colon still exceeds the ability of the colon to absorb, diarrhea results.
In lactase deficiency, lactose from the diet cannot be absorbed in the small
intestine, remains in the lumen, and reaches the colon, where it is broken down by
the endogenous bacteria into additional osmotically active solute particles, which
increase the osmotic load and cause diarrhea.
Clinically, osmotic diarrhea stops when the patient fasts. The stool osmolality
([Na*]+[K*]) X 2 (to account for anions) is less than the osmolality of the stool
fluid measured by freezing point depression. This osmotic anion gap accounts for
the presence of the poorly absorbable solutes in fecal fluid. Anion gaps greater

I ABLE 2 Causes of Osmotic Diarrhea

. General malabsorption
A. Sprue (idiopathic gluten enteropathy, tropical)

Carbohydrate malabsorption
A. Disaccharidase deficiency in the small-intestinal mucosa
1. Primary (e.g., idiopathic lactase, sucrase-maltase deficiency)
2. Secondary (e.g., after infectious gastroenteritis and with mucosal inflammation)
B. Ingestion of mannitol, sorbitol (diet candy, soda, chewing gum)
C. Lactulose therapy

B. Postradiation, postischemic enteritis
Ingestion of sodium sulfate (Glauber’s salt), sodium phosphate, magnesium sulfate
(Epsom salts), milk of magnesia, magnesium-containing antacids
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than 50 are considered clinically significant. Determination of the stool pH may be
helpful in the diagnosis of osmotic diarrhea. Carbohydrates in stool yield an acid
pH; milk of magnesia, an alkaline pH; and poorly absorbable salts containing
Mg?* or SOZ7, a neutral pH.

IV. SECRETORY DIARRHEA
A. CAUSES. Diarrhea of 1 L or more per day results from secretion of fluid across
the intestinal mucosa. In most cases, a pathophysiologic event causes small intesti-
nal secretion by simultaneously stimulating active secretion and partial inhibition
of intestinal absorption. Often, the intestinal mucosa is intact and has normal his-
tologic findings. Some causes of secretory diarrhea are listed in Table 29-3.
B. Clinically, there are five features that characterize secretory diarrhea.

. Stool volume is usually large (>1 L per day).

. Stools are watery in consistency.

. Stools do not contain pus or blood.

. Diarrhea typically continues while the patient fasts for 24 to 48 hours. However,
secretory diarrhea from fatty acid malabsorption or from laxative abuse will
stop when these agents are not ingested.

5. The osmolality of the stool is close to the osmolality of plasma, and there is no

anion gap.

I IR PER  Causes of Secretory Diarrhea

Enterotoxins
Vibrio cholerae
Escherichia coli
Staphylococcus aureus
Bacillus cereus

AON=

Hormonal secretagogues
Vasoactive intestinal polypeptide (pancreatic cholera syndrome, secreting villous adenoma)
Calcitonin (medullary carcinoma of thyroid)
Serotonin (carcinoid)
Prostaglandins, prostanoids (intestinal lymphoma, inflammatory bowel disease)

Gastric hypersecretion
Zollinger—Ellison syndrome
Short-bowel syndrome
Systemic mastocytosis
Basophilic leukemia

Laxatives
Ricinoleic acid (castor oil)
Bisacodyl!
Dioctyl sodium sulfosuccinate
Aloe
Senna
Danthron
Phenolphthalein

Bile salts
Terminal ileal disease/resection
Bile duct obstruction

Fatty acids
Pancreatic insufficiency
Small-intestine mucosal disease
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V.

VL

VII.

EXUDATIVE DIARRHEA. If the intestinal mucosa is inflamed and ulcerated, mucus,
blood, and pus leak into the lumen and are discharged as stool. This may also create
an increased osmotic load. If a large surface area of the bowel lumen is involved,
absorption of ions, solutes, and water will also be impaired, and patients may have
large-volume diarrhea. Inflammation may generate prostaglandins, which stimulate
secretion and may increase bowel motility, thus compounding the diarrhea. The sever-
ity of the diarrhea and the systemic signs and symptoms depends on the extent of
bowel involvement.
Inflammatory states may be

A. Idiopathic (e.g., Crohn’s disease, ulcerative colitis)
B. Infectious (e.g., from invasive organisms or cytotoxins: Shigella, Salmonella,

Campylobacter, Yersinia, tuberculosis, amebae, and Clostridium difficile)
C. Ischemic
D. Vasculitic
E. Due to radiation injury
F. Caused by abscess formation (e.g., diverticulitis, infected carcinoma)

MOTILITY DISTURBANCES. Both reduced and increased motility of the intestine

may result in diarrhea.

A. Increased motility of the small intestine results in decreased contact time of
chyme with absorptive surfaces. Large amounts of fluid delivered to the colon may
overwhelm its absorptive capacity and result in diarrhea. The reduced contact time
in the small intestine may interfere with absorption of fatty acids and bile salts,
allowing them to reach the colon where they induce a secretory diarrhea. Diarrhea
associated with hyperthyroidism, carcinoid, and postgastrectomy dumping syn-
drome are examples.

B. Decreased motility of the small intestine may allow colonization of the small
intestine with colonic-type bacteria. The digestion and absorption of fats, carbo-
hydrates, and bile salts may be affected, resulting in osmotic or secretory diarrhea.
This mechanism is involved in the diarrhea seen with diabetes, hypothyroidism,
scleroderma, amyloidosis, and postvagotomy states.

C. Increased colonic motility with premature emptying of colonic contents is the
major cause of diarrhea in the irritable bowel syndrome.

D. Anal sphincter dysfunction caused by neuromuscular disease, inflammation,
scarring, and postsurgical states may result in fecal incontinence, which may be
interpreted by the patient as diarrhea.

CLINICAL APPROACH. It is helpful to classify diarrhea into clinical categories, tak-
ing into consideration the duration, setting, and sexual preference of the patient.
Diarrhea of abrupt onset of less than 2 to 3 weeks’ duration is called acute diarrhea.
If the diarrheal illness lasts longer than 3 weeks, it is called chronic diarrhea. The
causes of acute and chronic diarrhea are listed in Tables 29-4 and 29-5. If diarrhea
occurs in the setting of antibiotic therapy or after a course of antibiotics, antibiotic-
associated diarrhea and pseudomembranous colitis due to C. difficile cytotoxin should
be considered.

A. Acute diarrhea. The most common cause of acute diarrhea is infection.

1. Food poisoning is produced by a preformed bacterial toxin that contaminates
the food. Bacterial replication in the host is not necessary for the development
of disease. The resultant illness usually has an acute onset and short duration
and occurs in small, well-defined epidemics, without evidence of secondary
spread.

2. Diarrhea resulting from multiplication of organisms in the intestine may be
divided into inflammatory-invasive versus noninflammatory-noninvasive cat-
egories, as seen in Table 29-4. Most of these types of diarrhea result from ingestion
of contaminated food or water after 1 to 2 days of incubation. Animal reservoirs
may exist for some common pathogens, including Salmonella, Campylobacter,
Yersinia, Giardia, Cryptosporidium, and Vibrio parahaemolyticus. Waterborne
disease in which the pathogens are spread from animals or water to humans is
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I LWL PR N  Causes of Acute Diarrhea

Causes Characteristics Organisms

Viral Infections

Small intestine Mucosal invasion absent Rotavirus (children, adults)
Noninflammatory
Watery diarrhea Norwalk virus
Fecal leukocyte absent Enteric adenovirus

Bacterial infections

Small intestine Mucosal invasion absent Vibrio cholerae
Noninflammatory Toxigenic Escherichia coli
Watery diarrhea
Fecal leukocytes absent

Colon Mucosal invasion present Salmonella
Inflammatory Shigella
Bloody diarrhea Campylobacter
Fecal leukocytes present Yersinia enterocolitica

Invasive E. coli

E. coli O157:H7

Staphylococcus aureu
(toxin)

Vibrio parahaemolyticus
(toxin)

Clostridium difficile (toxin)

Parasitic infections

Small intestine Mucosal invasion absent Giardia lamblia
Noninflammatory Cryptosporidium
Watery diarrhea
Fecal leukocytes absent

Colon Mucosal invasion present Entamoeba histolytica
Inflammatory

Bloody diarrhea
Fecal leukocytes present
Food poisoning

Small intestine Toxin induced Staphylococcus aureus
Mucosal invasion absent Bacillus cereus
Noninflammatory Clostridium perfringens
Watery diarrhea Clostridium botulinum

Drugs

Laxatives

Sorbitol

Antacids (Mg?*, Ca?* salts)

Lactulose

Colchicine

Quinidine

Diuretics

Digitalis

Propranolol

Theophylline

Aspirin

Nonsteroidal antiinflammatory drugs

Chemotherapeutic agents

Antibiotics

(continued)
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I LIRS PR Causes of Acute Diarrhea (Continued)

Heavy metals (Hg, Pb)
Cholinergic agents

Miscellaneous
Fecal impaction
Diverticulitis
Ischemic bowel disease

I Causes of Chronic Diarrhea

Type Agent

Infection Giardia lamblia
Entamoeba histolytica
Tubercle bacillus
Clostridium difficile

Inflammation Ulcerative colitis
Microscopic colitis
Collagenous colitis
Crohn’s disease
Ischemic colitis/enteritis
Solitary rectal ulcer
Diverticulitis/abscess

Drugs Laxatives
Antibiotics
Antacids
Diuretics
Alcohol
Theophyllines
Nonsteroidal antiinflammatory drugs
Malabsorption Small-bowel mucosal disease
Disaccharidase deficiency
Pancreatic insufficiency
Ischemic/radiation enteritis
Short-bowel syndrome
Bacterial overgrowth

Endocrine Zollinger—Ellison syndrome
Hyperthyroidism
Carcinoid
Non-B-cell pancreatic tumor
Villous adenoma

Motility disorders Irritable bowel syndrome
Postvagotomy syndrome
Postgastric surgery dumping syndrome
Tumor/fecal impaction overflow diarrhea
Narcotic bowel
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3

1.

4.

caused by Salmonella, Campylobacter, Shigella, Norwalk virus, Giardia, Vibrio
cholerae, toxigenic Escherichia coli, and E. coli: H7.

. Diarrhea developing in individuals during or just after traveling is commonly

infectious. The most likely organisms are enterotoxigenic E. coli, Salmonella,
Giardia, and amebae.

. Homosexual individuals are at a higher risk of exposure to infectious agents.

In this setting, it is important to consider amebiasis, giardiasis, shigellosis, rec-
tal syphilis, rectal gonorrhea, and lymphogranuloma venereum caused by
Chlamydia trachomatis and herpes simplex infections of the rectum and peri-
anal area. In patients with acquired immunodeficiency syndrome (AIDS), infec-
tious agents could include cytomegalovirus, Cryptosporidium, and Candida as
well as all of the organisms noted in homosexual persons and immunocompe-
tent individuals. (See Chapters 42 and 43.)

. Chronic and recurrent diarrhea. Any diarrheal illness lasting longer than

weeks should be clinically investigated.
Infections. Most viral and bacterial diarrheas are self-limiting and abate
within 3 weeks. Diarrhea from Campylobacter and Yersinia may last a few
months but rarely becomes chronic. Bowel infections with tuberculosis, ame-
bae, and Giardia may become chronic.

. Inflammatory bowel disease. Ulcerative colitis and Crohn’s disease may

result in diarrhea of varying severity, depending on the extent and degree of
bowel involvement. Diarrhea in Crohn’s disease of the small bowel may be
compounded by concomitant bile salt and fat malabsorption.

. Malabsorption syndromes

a. Diseases of the small intestine may cause chronic diarrhea of varying
severity. The mechanism of the diarrhea is usually multifactorial and com-
plex. These diseases include:

i. Sprue (nontropical, tropical)
ii. Amyloidosis
ifi. Whipple’s disease
iv. Lymphoma
v. Carcinoid
vi. Radiation enteritis
vii. Lymphangiectasia
viii. Bowel resection/bypass

b. Pancreatic insufficiency from chronic pancreatitis and cystic fibrosis may
cause severe fat malabsorption, resulting in chronic diarrhea.

c. Zollinger-Ellison syndrome resulting from a gastrin-secreting tumor causes
increased gastric acid output that overwhelms the absorptive capacity of the
proximal small intestine, neutralizes the bicarbonate, and inactivates the
pancreatic enzymes secreted into the duodenum. The resulting diarrhea is
complicated by malabsorption and bile salt—and fatty acid—stimulated
colonic secretion.

d. Postgastrectomy, enterostomy states may result in diarrhea due to
decreased mucosal-chyme exposure as well as poor mixing of digestive juices
with luminal contents, resulting in malabsorption.

e. Bacterial overgrowth of the small intestine may occur in patients with dia-
betes mellitus, scleroderma, amyloidosis, blind loop syndrome, and large
and multiple diverticula of the small bowel. Bacterial degradation of carbo-
hydrates, fatty acids, and bile salts results in diarrhea.

f. Disaccharidase deficiency. Lactase is deficient to a variable degree in
many adult populations, especially in blacks, Asians, southern Europeans,
and those of Jewish descent. Even small amounts of dairy products may
cause intermittent diarrhea in these individuals.

Endocrine disorders

a. Hyperthyroidism

b. Diabetes mellitus

c. Adrenal insufficiency
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d. Carcinoid

e. Medullary thyroid cancer

f. Hormone-secreting pancreatic tumors

g. Tumors secreting vasoactive intestinal polypeptide

h. Gastrinoma

Neoplasms. Villous adenoma, colon cancer with obstruction, and fecal

impaction may present with diarrhea.

Drugs and laxatives. Surreptitious use of laxatives and drugs, including those

listed in Table 29-4, should always be considered in the evaluation of chronic

diarrhea.

Irritable bowel syndrome is very common and may present with only chronic

intermittent diarrhea, constipation, or a combination of both. Most patients

also complain of abdominal cramps, gas, belching, and mucous stools.

8. Incontinence of stool. Anal sphincter dysfunction due to the presence of fis-
sures, fistulas, perianal inflammation, tears from childbirth, anal intercourse
or other trauma, diabetic neuropathy, or neuromuscular disease may result in
frequent stools, which may be interpreted by the patient as diarrhea.

o

e

N

Viil. DIAGNOSIS

A.

History. The physician should find out from the patient an accurate description

of the nature of the diarrhea: the duration, frequency, consistency, volume, color,

and relation to meals. Also, it is important to determine the presence of any under-
lying illnesses or systemic symptoms and to establish the patient’s recent travel
history, use of medications or drugs, and sexual preferences.

1. The history can help determine whether the pathology is in the small or large
bowel. If the stools are large, watery, soupy, or greasy, possibly containing
undigested food particles, the disorder is most likely in the small intestine.
There may be accompanying periumbilical or right lower quadrant pain or
intermittent, crampy abdominal pain.

2. If the disease is in the descending colon or rectum, the patient usually passes
small quantities of stool or mucus frequently. The stools are usually mushy and
brown, and sometimes mixed with mucus and blood. There may be a sense of
urgency and tenesmus. If there is pain, it is usually achy and located in the
lower abdomen, pelvis, or sacral region. The passage of stool or gas may pro-
vide temporary relief of the pain.
Blood in the stool suggests inflammatory, vascular, infectious, or neoplastic dis-
ease. The presence of fecal leukocytes indicates mucosal inflammation.
Diarrhea that stops with fasting suggests osmotic diarrhea, except that
secretory diarrhea due to fatty acids and bile salt malabsorption may also stop
with fasting. Large-volume diarrhea that continues during fasting is most likely
secretory. Persistence of diarrhea at night suggests the presence of an organic
cause rather than irritable bowel syndrome. Fecal incontinence may be due to
anal disease or sphincter dysfunction.

5. Diet. The correlation of patients’ symptoms with ingestion of milk, other dairy
products, or sorbitol-containing artificially sweetened diet drinks, candy, and
chewing gum should also be noted.

Physical examination of the patient should focus on the general condition of the
patient, degree of hydration, presence of fever, and other systemic origins of tox-
icity. A variety of physical findings can be sought in a patient with chronic diar-
rhea and may give clues to the etiology of the diarrheal process. These include
goiter, skin rash, arthritis, peripheral neuropathy, postural hypotension, abdomi-
nal bruit, perianal abscess, fistula, and rectal mass or impaction.

Diagnostic tests. The initial laboratory evaluation of the patient should include

a complete blood count with differential, serum electrolytes, blood urea nitrogen,

and creatinine. A chemistry profile and urinalysis may also help to assess the sys-

temic involvement with the diarrheal state.

1. Examination of the stool is the most important diagnostic test in the evalua-
tion of a patient with acute or chronic diarrhea. A fresh sample of stool should

(o

»
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be examined for the presence of pus (white cells), blood, and bacterial and par-

asitic organisms. Best yield is obtained if the examination is repeated on three

fresh stool samples obtained on three separate days.

a. Presence of white blood cells. Wright or methylene blue stain of the
stool smeared on a glass slide will demonstrate the white cells if they are
present. The presence of fecal leukocytes suggests intestinal inflammation as
a result of a mucosal invasion with bacteria, parasite, or toxin (Table 29-4).
Inflammatory bowel disease and ischemic colitis may also result in white
blood cells in the stool.

b. The absence of fecal leukocytes suggests a noninflammatory noninvasive
process (e.g., viral infection, giardiasis, drug-related); however, it is never
diagnostic because a false-negative result may occur in inflammatory states.

c. Occult or gross blood in the stool suggests the presence of a colonic neo-
plasm, an acute ischemic process, radiation enteritis, amebiasis, or severe
mucosal inflammation.

d. Bacterial and parasitic organisms. Fresh stool samples must be examined
for the presence of ova and parasites. Organisms that colonize the upper
small intestine (Table 29-4) may not be found in stool samples and duodenal
or jejunal aspirates or biopsies or the string test may be required. Stool cul-
tures will help determine the bacterial pathogen in most cases. However,
special techniques may sometimes be necessary, such as for Yersinia,
Campylobacter, Neisseria gonorrhoeae, C. difficile, and E. coli: H7.

e. Fat and phenolphthalein. In the evaluation of chronic or recurrent diarrhea,
stool should also be examined for the presence of fat (qualitative and quanti-
tative) and phenolphthalein. Phenolphthalein is found in many laxative
preparations and gives a red color when alkali is added to the stool filtrate.

2. Sigmoidoscopy or colonoscopy or both should be performed without cleans-
ing enemas. Stool samples may be obtained with a suction catheter for micro-
scopic examination and cultures. Most patients with acute or traveler’s
diarrhea do not need proctosigmoidoscopic examination. Sigmoidoscopy is
especially helpful in the evaluation of:

a. Bloody diarrhea

b. Diarrhea of uncertain etiology

c. Inflammatory bowel disease, pseudomembranous colitis, pancreatic dis-
ease, or laxative abuse (melanosis coli)

3. Radiologic studies. Most causes of diarrhea become apparent after the pre-
ceding tests. However, in chronic or recurrent diarrhea, barium studies of the
large and small intestine may demonstrate the location and extent of the dis-
ease. It should be remembered that once barium is introduced into the bowel,
examination of the stool for ova and parasites and cultures may be fruitless for
several weeks because barium alters the gut ecology.

4. Other tests. In cases of chronic diarrhea, other specialized tests may be nec-
essary to assess for malabsorption, bacterial overgrowth, or abnormal hor-
monal states. These are discussed in appropriate chapters.

IX. TREATMENT. Acute diarrhea with fluid and electrolyte depletion is a major cause of
mortality, especially in children in developing countries of the world. Fluid repletion
by intravenous or oral routes can prevent death. Oral rehydration therapy can be
accomplished with a simply prepared oral rehydration solution. Physiologically, water
absorption follows the absorption of glucose-coupled sodium transport in the small
intestine, which remains intact even in the severest of diarrheal illnesses.

Oral rehydration solution can be prepared by adding 3.5 g of sodium chloride
(or three fourths of a teaspoon or 3.5 g of table salt), 2.5 g of sodium bicarbon-
ate (or 2.9 g of sodium citrate or 1 teaspoon of baking soda), 1.5 g of potassium chlo-
ride (or 1 cup of orange juice or 2 bananas), and 20 g of glucose (or 40 g of sucrose or
4 table spoons of sugar) to a liter (1.05 qt) of clean water. This makes a solution of approx-
imately 90 mmol of sodium, 20 mmol of potassium, 80 mmol of chloride, 30 mmol of
bicarbonate, and 111 mmol of glucose per liter. Not only is this solution lifesaving in
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severe diarrhea, but also it is less painful, safer, less costly, and superior to intravenous
fluids because the patient’s thirst protects against overhydration. It should therefore be
the preferred route of rehydration in conscious adult and pediatric patients in tertiary
and intensive care units. Furthermore, the output of stool can be reduced with food-
based oral rehydration therapy. With the additional sodium-coupled absorption of
neutral amino acids and glutamine (a key mucosal nutrient in the small bowel, analo-
gous to short-chain fatty acids in the colon), oral rehydration therapy can also be used
to speed recovery from small-bowel injury.

The composition of cereal-based oral rehydration solution is like that of
standard oral rehydration solution (3.5 g of sodium chloride, 2.5 g of sodium bicar-
bonate, and 1.5 g of potassium chloride), except that the 20 g of glucose is replaced
by 50 to 60 g of cereal flour (rice, maize, millet, wheat, or sorghum) or 200 g of
mashed, boiled potato; stirred into 1.1 L of water; and brought to a boil. Not only
can oral rehydration therapy (especially with cereal and continued feeding) reverse
the loss of fluid, but also it can prevent the fatal hypoglycemia seen with failure of
gluconeogenesis, a major cause of death in children with diarrhea in developing
areas. Furthermore, simple oral rehydration therapy can be started early in the home
and can prevent most complications of dehydration and malnutrition.

Attention should also be directed at reduction of the patient’s symptoms and dis-
comfort to reduce absenteeism from work or school as well as to improve the sense of
well-being of the patient. Available drugs can be divided into groups based on their
mechanisms of action: absorbents, antisecretory agents, opiate derivatives, anticholin-
ergic agents, and antimicrobial agents.

A. Absorbents (e.g., Kaopectate, aluminum hydroxide) do not influence the course
of the disease but help produce solid stools. This effect may allow the patient to
alter the timing of stooling and permit a more voluntary control of defecation.

B. Antisecretory agents. In most cases of diarrhea, regardless of etiology, invasive
or noninvasive, intestinal secretion contributes greatly to the stool volume.
Antisecretory drugs, including prostaglandin synthesis inhibitors, have been used
to diminish bowel secretion.

Bismuth subsalicylate (Pepto-Bismol) has been shown to block the secre-
tory effects of V. cholerae, enterotoxigenic E. coli, and Shigella as well as to prevent
intestinal infection by these agents if given prophylactically. The usual therapeutic
dosage of Pepto-Bismol is 30 mL every 30 minutes for eight doses. The prophylac-
tic dosage is 60 mL or two tablets q.i.d. for the duration of the prophylaxis (e.g.,
for travelers). Pepto-Bismol tablets are as effective as the liquid preparation.

C. Opiate derivatives are widely used in both acute and chronic diarrhea. By dimin-
ishing peristalsis, they delay gut transit of fluid and allow more time for fluid
absorption. They may be used in patients with moderate symptoms (3-5 stools per
day) but should not be used in patients with fever, systemic toxicity, or bloody
diarrhea. Their use should be discontinued in patients who have not shown
improvement or whose condition has worsened on therapy.

Opiate derivatives include paregoric (tincture of opium), diphenoxylate with
atropine (Lomotil), and loperamide (Imodium). Imodium has two advantages over
Lomotil in that it does not contain atropine and it has fewer central opiate effects.

D. Anticholinergic agents do not appear to be useful in the treatment of most diar-
rheal disorders. Some patients with irritable bowel syndrome may benefit from use
of dicyclomine hydrochloride (Bentyl).

E. Antimicrobial agents. When the diarrhea is severe and the patient has systemic
signs of toxicity, stool cultures should be performed to identify the pathogenic
organism. The most effective antimicrobial agent for the particular pathogen
should be used. In selected cases of severe diarrhea, if a laboratory is not available,
empiric antibiotics with activity against both Shigella and Campylobacter strains
may be administered (e.g., ciprofloxacin or trimethoprim/sulfamethoxazole or
erythromycin). Recently, rifaximin (Xifaxan), a nonabsorbable (gut specific)
antibiotic has become available for the treatment of traveler’s diarrhea. Table 29-6
lists common pathogens and recommended therapeutic agents. Table 29-7 summa-
rizes an approach to therapy of acute diarrhea.
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I Antimicrobial Therapy of Infectious Diarrhea

Pathogen

Clinical disease

Therapy

Shigella

Salmonella

Campylobacter

Clostridium difficile

Enterotoxigenic
Escherichia coli,
E. coli O157:H7,
and traveler’s diarrhea

Entamoeba histolytica

Giardia lamblia

Dysentery

Enteric
Bacteremia

Dysentery

Watery diarrhea;
pseudomembranous colitis

Watery diarrhea;
bloody diarrhea

Asymptomatic carrier; colitis

Watery diarrhea

Trimethoprim/sulfamethoxazole
160/800 mg p.o. b.i.d.
for 5 d or tetracycline 500 mg
p.o. q.i.d. for 5 d or
ciprofloxacin 500 mg p.o.
b.i.d. for5d
No antimicrobial therapy
Ampicillin or amoxicillin 1 g
p.o. t.i.d. or q.i.d. for 14 d
or chloramphenicol 1 g
p.o. or IV g8h for 14 d or
trimethoprim/sulfamethoxazole
160/800 mg p.o. b.i.d. for
10 d or a third-generation
cephalosporin or ciprofloxacin
500 mg p.o. b.i.d. for 5d
Erythromycin 250 mg p.o. q.i.d.
for 5-10 d or ciprofloxacin
500 mg p.o. b.i.d. for 5-7 d
Cholestyramine 4 g p.o.
t.i.d. for 7 d or metronidazole
250 mg p.o. t.i.d. for 7 d
or vancomycin 125-500 mg
p.o. q.i.d. for 7 d rifaximin
200 mg p.o. b.i.d. for3d
Trimethoprim/sulfamethoxazole
160/800 mg p.o. for
5 d or ciprofloxacin 500 mg
p.o. b.i.d. for 5 d or
ofloxacin 300 mg p.o. b.i.d.
for 5 d or norfloxacin 400 mg
p.o. b.i.d. for5d or
rifaximin (Xifaxan) 200 mg
p.o. t.i.d. for 3 day
Diloxanide furoate 500 mg
p.o. t.i.d. for 10 d plus
diiodohydroxyquin 650 mg
p.o. t.i.d. for 20 d or
metronidazole 750 mg p.o.
t.i.d. for10d
Quinacrine hydrochloride
100 mg p.o. t.i.d. for 7 d or
metronidazole 250 mg p.o.
t.i.d. for 7 d or furazolidone
100 mg g.i.d.or 7 d

p.o., by mouth; b.i.d., twice a day; q.i.d., four times a day; t.i.d., three times a day.
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I LIRS An Approach to Therapy of Acute Diarrhea

No. of diarrheal

Severity of illness stools/day Therapy
Mild 1-3 Fluids only
Moderate 3-5 Fluids, nonspecific therapy

Severe (* fever) >6 Fluids, antimicrobial agent; if laboratory not

(e.g., Pepto-Bismol, Lomotil, Imodium)

available, trimethoprim/sulfamethoxazole,
erythromycin, ciprofloxacin, or norfloxacin

Treatment of E. coli O157:H7 with a systemically absorbed antimicrobial
agent is controversial since there is some inconclusive data that suggests compli-
cations with hemolytic uremic syndrome may be higher with antimicrobial
therapy. However, in patients with severe diarrhea, antimicrobial therapy (e.g.,
ciprofloxacin hydrochloride 500 mg twice daily, by mouth) may be used with
caution.

. Chemoprophylaxis of traveler’s diarrhea. Bismuth subsalicylate, doxycycline,

and trimethoprim/sulfamethoxazole, norfloxacin, and ciprofloxacin hydrochloride
have been shown to be effective in preventing most causes of traveler’s diarrhea.
Doxycycline resistance among enteric bacterial pathogens does occur in some
regions. Starting on the first day of travel, the dosage of each drug is as follows:
bismuth subsalicylate, 60 mL q.i.d.; doxycycline, 100 mg daily; trimethoprim/
sulfamethoxazole, 160/800 mg daily; ciprofloxacin hydrochloride, 500 mg daily;
norfloxacin, 400 mg daily. Aztreonam, 100 mg daily, has also been shown to be
effective. Each drug should be continued for 1 to 2 days after returning home. No
drug should be taken for more than 3 weeks.

Recently, rifaximin (Xifaxan), a nonabsorbable, gut specific antibiotic, has
been approved by the FDA for the treatment of traveler’s diarrhea at a dose of
200 mg one tablet t.i.d. for 3 days.

The use of antimicrobial chemoprophylaxis should be discouraged for most
travelers. Each drug has its side and adverse effects and will confer antimicro-
bial resistance to the gut flora of the individual. This may present a therapeutic
problem if another infection (e.g., a urinary tract infection) develops.
Antimicrobial chemoprophylaxis should be restricted to 2 to 5 days in persons
who are on a special “business” trip and who accept the risks of side and
adverse effects.

Rifaximin (Xifaxan) is an exception to the above statements. This gut-specific,
nonabsorbable antibiotic has been shown to be effective in preventing traveler’s
diarrhea if it is taken daily as prophylaxis during the travel period. It is recom-
mended for persons traveling to areas of the world with high risk of GI infections
with E. coli and other fecal pathogens, at a dose of 200 mg p.o. t.i.d.

. Chronic or recurrent diarrhea. The therapy of chronic and recurrent diarrhea

should be based on the etiology and pathophysiology of the disease process.
Occasionally, when a diagnosis cannot be made, an empiric trial of diet restriction
(e.g., lactose, gluten, and long-chain fatty acids), pancreatic enzyme supplements
along with histamine-2 (H,) blockers, cholestyramine, clonidine, and antimicrobial
(e.g., metronidazole) therapy may be use. When all fails, the judicious use of
antidiarrheal opiate derivatives may result in symptom relief.
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VIRAL, BACTERIAL, AND PARASITIC
DISORDERS OF THE BOWEL

B! arious microorganisms infect the gastrointestinal tract and cause gastroenteritis.
This chapter reviews pathogens that affect immunocompetent patients. A discussion of
opportunistic infections in immunocompromised patients is found in Chapter 43.

I. VIRAL GASTROENTERITIS. It is estimated that 30% to 40% of instances of infec-
tious diarrhea in the United States are caused by viruses; these infections far outnum-
ber the documented instances of bacterial and parasitic diarrhea.

Five major categories of viruses that cause gastroenteritis in humans have been
identified: rotavirus, enteric adenovirus, calcii virus, astrovirus, and Norwalk
and Norwalk-like viruses. The first four viruses cause diarrhea in infants and young
children but may also infect adults. Norwalk-group viruses, however, produce epi-
demics of gastroenteritis in adults and school-age children.

A. Rotavirus
1. Epidemiology. Human rotavirus is an RNA virus. It has been classified into three

genetically and antigenically distinct groups: A, B, and €. Groups A and C have
been associated with diarrheal epidemics around the world, and group B has
caused epidemics of diarrheal disease in adults in China. Rotavirus is the most
important cause of dehydrating diarrheal illness throughout the world, accounting
for 40% to 70% of all episodes requiring hospitalization of children under the age
of 2. In industrially developing countries, rotavirus causes approximately 125 mil-
lion cases of diarrhea annually, 18 million of the cases severe, with an estimated
death rate of 800,000 to 900,000 per year. Severe rotavirus infection is seen most
frequently in children 3 to 15 months of age. After age 3, the infections are usually
asymptomatic. The illness is rare in adults except among those in close contact
with infected children, in travelers, and in geriatric populations; it is also found in
epidemic form after exposure to contaminated water. The virus is shed in great
numbers in feces and is transmitted by the fecal-oral route. In North America and
northern Europe, the infection occurs seasonally, especially in the winter months.
In countries within 10 degrees of the equator, the infection occurs year-round.
Pathology and pathophysiology. Rotavirus infection spreads from the proxi-
mal small intestine to the ileum over 1 to 2 days. The virus infects the mature
enterocytes at the tips of intestinal villi and causes cell lysis resulting in
shortening of villi, hyperplasia of crypts, and round-celled lamina propria. It is
associated with decreased microvillous enzyme activity (e.g., sucrose, lactose),
net intestinal secretion, and increased gut mucosal permeability.

Clinical disease and complications. Rotavirus infection is frequently asymp-

tomatic. In symptomatic infection, the incubation period is 1 to 3 days, and the

illness lasts 5 to 7 days. The gastroenteritis is characterized by frequent vomit-
ing, fever, watery diarrhea, and dehydration. Necrotizing enterocolitis, Henoch-

Schonlein purpura, and hemolytic-uremic syndrome have been associated with

rotavirus infections.

Diagnosis. Fecal leukocytes may be present in 20% of patients. Viral antigens

may be demonstrated from stool specimens by a variety of assays such as the

Rotazyme test. The virus can also be visualized with electromicroscopy.

5. Treatment and prevention. Treatment of rotavirus infection is symptomatic

and supportive. Fluid and electrolyte replacement is essential. Oral rehydration
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solutions (e.g., Rehydralylate, Pedialyte, and Rosol) are highly effective, even in
the presence of vomiting. Breastfeeding and transplacentally transmitted mater-
nal antibodies have been found to prevent rotavirus infections. Progress is being
made toward the development of a vaccine.

B. Enteric adenovirus

1.

N

(]

4.

Epidemiology. Adenovirus serotypes 40 and 41 are enteric adenoviruses that
cause gastroenteritis without nasopharyngitis and keratoconjunctivitis. Infection
is transmitted from person to person. Enteric adenovirus is second to rotavirus
as the cause of pediatric viral gastroenteritis, especially in children under the age
of 2. Nosocomial outbreaks occur, but spread to adults is uncommon.

Clinical disease. Endemic enteric adenovirus gastroenteritis may occur year-
round without seasonal preference. The incubation period is 8 to 10 days. The
onset is with low-grade fever and watery diarrhea, followed by 1 to 2 days of
vomiting. Illness typically lasts 1 to 2 weeks but occasionally lasts longer.
Diagnosis. There are no fecal leukocytes in stool. Diagnosis may require
demonstration of the virus by electron-microscopy in stool samples, use of
nucleic acid hybridization, and radioimmunoassays using monoclonal antibod-
ies specific for adenovirus 40 and 41.

Treatment is supportive and symptomatic.

C. Norwalk virus and Norwalk-like viruses

1.

N

(]

5.

Epidemiology. Norwalk virus is the prototype of the Norwalk-like group of
viruses that, unlike rotavirus and enteric adenoviruses, are small and round and
resemble the other small gastroenteritis viruses (e.g., calcii viruses, astroviruses,
and small featureless viruses). These viruses are refractory to in vitro cultivation
and purification. Norwalk virus possesses a single-stranded RNA, which has
been detected in diarrheal stools by immune electromicroscopy. The Norwalk
virus family causes approximately 40% of epidemics of gastroenteritis that
occurs in recreational camps; on cruise ships; in schools, colleges, nursing
homes, hospital wards, cafeterias, and community centers; and among sports
teams and families by the ingestion of contaminated foods such as salad and
cake frosting. Epidemics occur year-round, affecting older children and adults
but not infants and young children. Infection spreads rapidly by the fecal-oral
route, with an incubation period of 12 to 48 hours. In food-borne outbreaks,
infectious virus may be excreted in the feces for at least 48 hours after the
patients have recovered. Airborne transmission by means of droplets of vomit
or through the movement of contaminated laundry also occurs.
Histopathology. The infection affects the small intestine, sparing the stomach
and the colonic mucosa. There is blunting of villi and microvilli and cellular
infiltration in the lamina propria, especially in the jejunum. Malabsorption of
d-xylose, lactose, and fat occurs, but absorption returns to normal within 1 to
2 weeks after recovery. It is thought that gastric emptying is delayed, which
would explain the nausea and vomiting that accompanies the watery diarrhea.
Clinical disease. The onset is rapid with abdominal pain, low-grade fever,
vomiting, and diarrhea that usually last 48 to 72 hours.

Diagnosis. There are no fecal leukocytes. Specific diagnostic techniques are
restricted to a few research laboratories that use both a radioimmunoassay
(RIA) and an enzyme-linked immunosorbent assay (ELISA); the tests may be
used to measure Norwalk viral antigens in stool and antibody in serum.
Treatment is supportive.

D. Calcii virus

1.

2.

3.

4.

Epidemiology. Human calcii viruses are poorly understood agents that are
related to the Norwalk virus group. They affect mostly infants and young children
but may also infect adults in epidemics.

Clinical disease. The incubation period is 1 to 3 days. The clinical presenta-
tion resembles that of rotavirus or Norwalk viral gastroenteritis. The diarrhea
is accompanied by vomiting, abdominal pain, and low-grade fever.

Diagnosis. Calcii virus can be detected in stool by electron-microscopy and by
RIA from serum. Serum antibody may be protective against reinfection.
Treatment. The treatment is supportive.
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E. Astrovirus

1. Epidemiology. The virus can be cultivated in cell cultures. Astrovirus is a single-
stranded RNA virus with five human serotypes. It causes outbreaks of diarrhea in
children 1 to 7 years of age; in the elderly, especially in nursing homes; and rarely
in young adults, suggesting that adults may be protected by previously acquired
antibodies.

2. Clinical disease. The incubation period is 1 to 2 days. Watery diarrhea may be
accompanied by vomiting.

8. The diagnosis is by stool electron-microscopy and ELISA.

4. Treatment is supportive.

F. Other viruses associated with gastroenteritis. Several other groups of viruses
known to cause diarrhea in animals are associated with gastroenteritis in humans,
but their causative relation to disease is unclear. Coronaviruses are detected by
electron-microscopy in stools of persons living under poor sanitary conditions. It
has been associated with outbreaks in nurseries and with necrotizing enterocolitis
in newborns. Echoviruses and picornaviruses also have been implicated in diar-
rheal disease of the young. Enteroviruses have been shown in controlled epi-
demiologic studies not to be important causes of acute gastroenteritis.

Il. BACTERIAL INFECTIONS OF THE BOWEL. Bacterial gastroenteritis may result from
the ingestion of a preformed bacterial toxin present in the food at the time of ingestion,
by the production of a toxin or toxins in vivo, or by invasion and infection of the
bowel mucosa by the bacterial pathogen. In this chapter, the most common bacterial
pathogens affecting immunocompetent hosts are discussed. Enteric bacterial infections
in HIV-infected and other immunocompromised patients are discussed in Chapter 44.
A. Toxigenic bacteria. In general, toxigenic bacteria produce watery diarrhea

without systemic illness. There may be low-grade fever in some patients. Some
microorganisms can produce other toxins in addition to an enterotoxin, for exam-
ple, neurotoxins that can cause extraintestinal manifestations. The stools contain
no blood or fecal leukocytes, which helps to distinguish these diseases from diar-
rheas caused by tissue-invasive organisms. Table 30-1 lists some of the common
causes of toxigenic diarrhea.
1. Staphylococcus aureus
a. Epidemiology. Staphylococcal food poisoning is the most frequent cause of
toxin-mediated vomiting and diarrhea encountered in clinical practice. All
coagulase-positive staphylococci can produce enterotoxins. Staphylococci
are introduced into food by the hands of food-handlers. The organisms mul-
tiply and produce the toxin if the food is kept at room temperature. The
foods most commonly implicated are coleslaw, potato salad, salad dressings,
milk products, and cream pastries. Food contaminated with staphylococci is
normal in odor, taste, and appearance.

Clinical disease. Staphylococcal food poisoning is manifested by an abrupt

onset of vomiting within 2 to 6 hours after ingestion of the contaminated

food. The diarrhea is usually explosive and may be accompanied by abdom-
inal pain. Fever is usually absent.

I RGN Some Etiologic Agents for Toxigenic Diarrhea

v

Staphylococcus aureus Other toxigenic diarrheas
Bacillus cereus Scrombrotoxin poisoning
Vibrio cholerae Paralytic shellfish poisoning
Enterotoxigenic Escherichia coli Neurotoxic shellfish poisoning
Vibrio parahaemolyticus Ciguatoxin poisoning
Clostridium perfringens Tetrodotoxin poisoning
Clostridium botulinum
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C.

d.

The diagnosis is usually suspected from the history. In most instances, the
organism can be cultured from the contaminated food.

Treatment. Gastroenteritis resolves with supportive care within 12 to
24 hours. Antimicrobial therapy is not indicated.

2. Bacillus cereus

a.

c.
d.

Epidemiology. Bacillus cereus is a common gram-positive, spore-forming
organism found in soil. Contamination of food occurs before cooking.
Vegetative growth continues at temperatures of 30° to 50°C, and spores can
survive extreme temperatures. The spores of the organism germinate and
produce toxins during the vegetative stage.

B. cereus is a frequent cause of food poisoning from many sources, but is
usually associated with contaminated rice or meat from Chinese restaurants.
Clinical disease. B. cereus intoxication manifests as two distinct clinical
syndromes. The “emesis syndrome” is caused by the thermostable toxin and
mimics staphylococcal food poisoning. Within 2 to 6 hours after ingestion of
the contaminated food, the patient has severe vomiting and abdominal pain
with or without diarrhea. There is no accompanying fever or systemic mani-
festations. Illness is self-limited and lasts 8 to 10 hours. The “diarrhea syn-
drome” is caused by the thermolabile enterotoxin and occurs after 8 to
16 hours of ingestion of the contaminated food. It is characterized by a foul-
smelling, profuse watery diarrhea, usually accompanied by nausea, abdomi-
nal pain, and tenesmus. Most of the symptoms resolve in 12 to 24 hours.
Diagnosis is made by history and stool cultures demonstrating the organism.
Treatment is supportive.

3. Vibrio cholerae

a.

v

o

Epidemiology. V. cholerae is a mobile, gram-negative bacterium with a sin-
gle flagellum and is easily recognizable by a fecal Gram’s stain. It produces a
thermostable enterotoxin, which stimulates the adenylate cyclase in small-
intestinal crypt cells, especially in the jejunum, resulting in profuse secretory
diarrhea. V. cholerae is seen occasionally in the United States, especially along
the Gulf coast. Any fecally contaminated water or food has the potential to
cause cholera, but contaminated saltwater crabs and freshwater shrimp are
responsible for most instances seen in the United States.

Clinical disease. The incubation period is 1 to 3 days after ingestion.
Cholera is characterized by an abrupt onset of profuse, large-volume, watery
diarrhea. The stools are isotonic and do not contain blood or mucus. There
is usually no associated fever, abdominal pain, vomiting, or tenesmus.
Hypotension, shock, and death may result if volume depletion is not ade-
quately treated.

Diagnosis. Organisms may be demonstrated by dark-field microscopy of
the stool and by stool cultures.

Treatment. The mainstay of therapy is volume repletion intravenously or orally
with fluids that contain glucose and electrolytes. If dehydration is adequately
reversed, patients recover in 7 to 10 days without antimicrobial therapy. The
duration of the disease may be shortened to 2 to 3 days with oral tetracycline
500 mg q.i.d. or doxycycline 300 mg in a single dose. In resistant instances, alter-
native antimicrobials are furazolidone 100 mg q.i.d., erythromycin 250 mg q.i.d.,
or trimethoprim/sulfamethoxazole 160/800 mg b.i.d. for 3 days.

4. Enterotoxigenic Escherichia coli

4

Epidemiology. Enterotoxigenic E. coli (ETEC) can cause diarrhea by tissue
invasion or via its enterotoxin. The enterotoxin is thermolabile and produces
diarrhea by the same mechanism as the cholera enterotoxin. The organism is
transmitted from contaminated water and food by the fecal oral route. Even
though it may cause outbreaks in the United States, ETEC is the most
common traveler’s pathogen. A large inoculum is required for disease. The
incubation period is 1 to 3 days.

The clinical disease is similar to cholera. The watery diarrhea is profuse
and lasts 3 to 5 days. There may be accompanying mild abdominal pain.
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C.

d.

The diagnosis is by history and clinical observation. Serotyping of E. coli is
available only in research settings.

Treatment. Most patients require no antimicrobial therapy. Intravenous or
oral volume replacement with glucose—electrolyte solutions is usually ade-
quate. Severe instances may be treated with tetracycline, trimethoprim/
sulfamethoxazole, or ciprofloxacin.

Vibrio parahaemolyticus

a.

v

[

d.

Epidemiology. V. parahaemolyticus is a gram-negative bacillus that survives
in water with a high salt content. It is recognized as an important pathogen
in the Far East and more recently in the United States. It is most common in
the summer and least common in the winter months because the bacterial
populations in the ocean are temperature-dependent. It is associated with
acute diarrheal disease after the ingestion of contaminated raw or cooked
fish or shellfish. The organism produces a variety of toxins. The incubation
period is 12 to 48 hours after ingestion.

Clinical disease. The illness is characterized by explosive watery diarrhea.
Headaches, vomiting, and abdominal cramps are common. Low-grade fever and
chills occur in 25% of the patients. Bloody diarrhea may occur in some instances.
The stools are not as profuse as in V. cholerae, but hypotension and shock have
been seen. The illness is usually self-limiting and resolves within 1 to 7 days.
Diagnosis. The diagnosis is by stool culture on thiosulfate—citrate-bile
salt-sucrose agar.

Treatment is supportive with fluid repletion. Complicated instances may be
treated with oral tetracycline.

Clostridium perfringens

a.

v

c.
d.

Epidemiology. Clostridium perfringens is a gram-positive, spore-forming
obligate anaerobe found in soil and in the gastrointestinal tract of humans
and animals. It produces 12 toxins. The thermolabile exotoxin is an impor-
tant cause of toxigenic diarrhea. The toxin is a structural component of the
spore’s coat and is formed during sporulation. Most of the toxin is synthe-
sized before ingestion. Additional toxin is produced in the gastrointestinal
tract after ingestion of contaminated beef, beef products, or poultry. The
pathogenesis of infection requires the food to be inadequately precooked
and then reheated before it is served. The toxin has its maximal activities in
the ileum. It inhibits glucose transport and activates adenylate cyclase of
small-intestinal crypt cells stimulating intestinal secretion. Outbreaks may
occur in institutions or after large gatherings.

Clinical disease. Watery diarrhea with severe, crampy abdominal pain usu-
ally occurs 8 to 24 hours after the ingestion of contaminated food. Vomiting,
fever, chills, and headaches are not seen. The stools are usually foul smelling.
The disorder is self-limited and resolves within 24 to 36 hours.

The diagnosis is by history.

Treatment is supportive.

Clostridium botulinum

a.

v

Epidemiology. C. botulinum is a gram-positive, anaerobic, spore-forming
bacillus. Three exotoxin types, A, B, and E, have been associated with
C. botulinum intoxication. Types A and B are associated with improperly
prepared home-canned fruits and vegetables. Type E outbreaks are associated
with smoked freshwater fish and are most frequent in the Great Lakes region.
The contaminated foods may not appear, taste, or smell spoiled, thereby incit-
ing no suspicion of their contamination. The exotoxin is neurotoxic and ther-
molabile. It can be inactivated by boiling in water for 15 minutes.

Clinical disease. C. botulinum is responsible for one third of the deaths
from food-borne diseases. The intoxication results in acute cranial nerve
dysfunction, dysarthria, diplopia, blurred vision, dysphagia, and a symmet-
ric descending weakness without a sensory component. Dilated pupils occur
in 15% of patients. Respiratory muscle insufficiency may occur. The neuro-
logic disease may last for months and can result in death.
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I Infectious Organisms That Result in Watery Diarrhea

Viruses
Rotavirus
Norwalk and related viruses
Adenovirus

Bacteria
Vibrio cholerae
Escherichia coli (enterotoxigenic)
All bacteria listed in Table 30-3
Protozoa
Giardia lamblia
Cryptosporidium

c. The diagnosis is made by history and culture or toxin assay from the con-
taminated food or the patient’s blood or stool. Electromyography may be
used to differentiate the disease from Guillain—-Barré syndrome.

d. Therapy. When intoxication is suspected, therapy should be started imme-
diately with administration of the polyvalent antitoxin and penicillin.
Gastrointestinal lavage with orally administered solutions (e.g., GOLYTELY
or Colyte) may help eliminate the toxin from the gastrointestinal tract.
Guanidine hydrochloride may be used to reverse the motor weakness. Some
patients may require ventilatory support.

B. Bacteria causing “enteric” infection. The resulting diarrhea may be watery or
bloody. Although watery diarrhea is often associated with infections with viruses,
protozoa, and toxin-producing bacteria such as Vibrio cholerae and enterotoxi-
genic E. coli, invasive bacteria can also cause watery diarrhea (Table 30-2). The
diarrhea is usually greater than 1 L/day. Systemic symptoms such as fever,
headache, myalgia, and arthralgias are usually absent.

Bloody diarrhea, or dysentery, is usually accompanied by abdominal pain,
tenesmus, nausea, vomiting, and systemic symptoms such as fever and malaise.
Bacteria that result in bloody diarrhea are listed in Table 30-3. These enteric infec-
tions cannot be distinguished easily from one another clinically. Diagnosis must be
based on the identification of the infectious agent by appropriate cultures.

1. Campylobacter jejuni and Campylobacter fetus

a. Epidemiology. C. jejuni is the most common bacterial pathogen that causes
bloody diarrhea in the United States. It is implicated in infections in under-
developed countries also. The organism is a microaerophilic, gram-negative
curved rod transmitted to humans from contaminated pork, lamb, beef,

I b/ SELEN  Infectious Organisms That Result in Bloody Diarrhea

Campylobacter

Escherichia coli (enteropathogenic and invasive)
Shigella

Salmonella

Escherichia coli O157:H7

Yersinia

Vibrio parahaemolyticus

Clostridium difficile

Entamoeba histolytica
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milk and milk products, and water, and from exposure to infected house-

hold pets. The organism is destroyed by appropriate cooking, pasteuriza-

tion, and water purification. The incubation period is 1 to 7 days.

b. Histopathology. The bacterial endotoxin causes mucosal inflammation in the
small and large intestine that resembles the lesions seen in ulcerative colitis
and Crohn’s disease and those seen with Salmonella and Shigella infections.
The infection is usually more severe in the colon than in the small bowel.

c. Clinical disease
i. Enterocolitis. Bowel infections with C. jejuni and rarely C. fetus cause a

diarrheal illness resembling enteritis from Salmonella and Shigella.
Occasionally there is a prodrome of headache, myalgia, and malaise for
12 to 24 hours, followed by severe abdominal pain, high fever, and pro-
fuse watery and then bloody diarrhea. The diarrhea is usually self-limited
and in most instances resolves in 7 to 10 days; however, in one fifth of
the instances, the diarrhea has a protracted or a relapsing course.

ii. Systemic infection. C. fetus and rarely C. jejuni may cause a systemic
infection, especially in elderly, debilitated patients, and in those with
alcoholism, diabetes mellitus, and malignancies. Bacteremia may be tran-
sient or may lead to localized infection such as endocarditis, meningitis,
cholecystitis, and thrombophlebitis. There may or may not be clinically
evident enterocolitis.

d. Complications. Campylobacter infection may be complicated by Reiter’s
syndrome, mesenteric adenitis, terminal ileitis (resembling Crohn’s ileitis),
and rarely an enteric fever like illness.

e. Diagnosis is made by stool and blood cultures. Stool Gram’s stain may
show the organism with its characteristic “gull wings.” In dark-field/phase-
contrast microscopy, the organism shows “darting motility.” Fecal leuko-
cytes are present in 75% of instances.

f. Treatment. In mild cases, supportive therapy is given. In cases with bloody
diarrhea, erythromycin 250 mg p.o. q.i.d. for § to 7 days or ciprofloxacin
500 mg p.o. b.i.d. for 3 to 7 days is effective.

2. Salmonella

a. Epidemiology. The three primary species of Salmonella (Salmonella typhi,
Salmonella choleraesuis, and Salmonella enteritidis) may cause disease in
humans. S. enteritidis is a common cause of infectious diarrhea. There are
1,700 serotypes and variants of Salmonella, which are classified into 40
groups. Ninety percent of Salmonella organisms that are pathogenic for human
beings are in groups B, C, and D. The organism is transmitted from fecally
contaminated foods and water with fecal-oral contact. Poultry and poultry
products constitute the major reservoir for the bacteria. A large inoculum
(>105 organisms) is required to produce infection. Thus, the incidence is rela-
tively low despite the widespread contamination of commonly ingested foods.

b. Pathology. Salmonella elaborates an enterotoxin, which is responsible for
the watery diarrhea. The organism also adheres to the mucosal surface and
invades the epithelium, resulting in colitis and bloody diarrhea.

c. Clinical disease. Salmonella invades the mucosa of the small and large
intestine and produces an enterotoxin that causes a secretory diarrhea.
Watery diarrhea is more common, but bloody diarrhea may occur. Patients
complain of headache, malaise, nausea, vomiting, and abdominal pain
within 6 to 48 hours after ingesting the contaminated food. The disease is
usually self-limited and resolves in 7 days. Fever and bacteremia occur in
less than 10% of patients. Immunosuppression, malignancy, hemolytic
states, liver disease, achlorhydria, and chronic granulomatous disease of
children predispose patients to progressive salmonellosis with bacteremia,
with localized infection in joints, bones, meninges, and other sites. In 5% of
patients, the bacteria may localize in the reticuloendothelial system and may
cause an enteric fever (especially S. ryphi). A carrier state also exists in some
patients, with bacteria carried in the gallbladder or in the urinary tract.
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d. The diagnosis is made by history and stool and blood cultures. A fourfold
rise in serum O and H agglutinin titers 3 to 4 weeks after infection confirms
the diagnosis.

e. Treatment is supportive in most instances. Antimicrobial therapy is contraindi-
cated for most patients because it can increase the carrier state. However,
antimicrobial agents such as ampicillin, chloramphenicol, trimethoprim/sul-
famethoxazole, ciprofloxacin hydrochloride, or third-generation cephalosporins
can be used in young children or in patients who are susceptible to bacteremia
and prolonged salmonellosis (Table 30-4). Patients with bacteremia, enteric
fever, and metastatic infection should be treated with antimicrobial therapy.
Also, patients with underlying acquired immunodeficiency syndrome (AIDS),
hemolytic states, lymphoma, and leukemia, and neonates, the elderly and
chronic carriers should receive antimicrobials. Anticholinergic agents and opi-
ates should not be used because they can prolong the excretion of the bacteria.

3. Shigella

a. Epidemiology. There are four major groups: Shigella dysenteriae, Shigella
flexneri, Shigella boydii, and Shigella sonnei. S. dysenteriae causes the sever-
est form of dysentery. In the United States, 60% to 80% of instances of bacil-
lary dysentery are caused by S. sonnei with a seasonal preference for winter.
In tropical countries, S. flexneri dysentery is more common especially in the
late summer months. It is transmitted by the fecal-oral route. Human beings

I 1/ :{RSEGEES Treatment of Common Acute Enteric Infections

Salmonella (severe disease)

Enterotoxigenic Escherichia
coli, E. coli 0157:H7, and
traveler’s diarrhea

Giardia lamblia

Entamoeba histolytica
Yersinia enterocolitica
Vibrio cholerae
Noncholera Vibrio
Clostridium difficile

Mild disease
Severe disease

Organism Antimicrobial therapy

Campylobacter Erythromycin 250 mg p.o. g.i.d. for 5-10 d or ciprofloxacin
500 mg p.o. b.i.d. for 5 d

Shigella Trimethoprim/sulfamethoxazole DS p.o. b.i.d. for 5 d or

tetracycline 500 mg p.o. qg.i.d. for 5 d or ciprofloxacin
500 mg p.o. b.i.d. for5d

Ampicillin or amoxicillin 1 gm p.o. t.i.d. or g.i.d. for 14 d or chlor-
amphenicol 1 gm p.o. or IV g8h for 14 d or trimethoprim/
sulfamethoxazole DS p.o. b.i.d. for 10 d or a third-generation
cephalosporin or ciprofloxacin 500 mg p.o. b.i.d. for 5 d

Rifaximin 200 mg p.o. t.i.d.

Trimethoprim/sulfamethoxazole DS p.o. b.i.d. for 5 d or
ciprofloxacin 500 mg p.o. b.i.d. for 5 d or ofloxacin 300 mg
p.o. b.i.d. for 5 d or norfloxacin 400 mg p.o. b.i.d. for 5 d

Quinacrine hydrochloride 100 mg p.o. t.i.d. for 7 d or metron-
idazole 250 mg p.o. t.i.d. for 7 d or furazolidone 100 mg
q.i.d. for 7.d

Diloxanide furoate 500 mg p.o. t.i.d. for 10 d plus diiodohydroxy-
quin 650 mg p.o. t.i.d. for 20 d

Trimethoprim/sulfamethoxazole DS p.o. b.i.d. for 7 d
or tetracycline 250-500 mg p.o. for 7 d

Tetracycline 500 mg p.o. q.i.d. for 3 d or trimethoprim/
sulfamethoxazole DS p.o. b.i.d. for 3 d

Tetracycline 250 mg p.o. g.i.d. for 7 d

Cholestyramine 4 gm p.o. t.i.d. for 7 d or metronidazole
250 mg p.o. t.i.d. for 7 d

Metronidazole 250 mg p.o. t.i.d. for 7 d or vancomycin
125-500 mg p.o. q.i.d. for 7 d

Trimethoprim/sulfamethoxazole DS, trimethoprim 160 mg/sulfamethoxazole 800 mg; p.o., by mouth;
q.i.d., four times a day; b.i.d., twice a day; t.i.d., three times a day.
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are the only natural host for this organism. Enteric infections with Shigella

are most commonly seen in children 6 months to 5 years old, although per-

sons of all ages can become infected. Clinical shigellosis is highly contagious
and can be caused by a very small inoculum: fewer than 200 organisms.

Food, water, and milk can be contaminated, which can result in epidemics.

Incidence of the disease increases in crowded, unsanitary conditions.

b. Pathophysiology. Shigella elaborates an enterotoxin that is responsible for
the watery diarrhea. The organism also adheres to the mucosal surface and
invades the epithelium, resulting in colitis and bloody diarrhea.

c. Clinical disease. The incubation period is 1 to 3 days. In most individuals,
the disease starts as lower abdominal pain and diarrhea. Fever is present in
less than half of the patients. In many patients, there is a biphasic illness that
begins as fever, abdominal pain, and watery diarrhea. In 3 to 5 days, rectal
burning, tenesmus, and small-volume bloody diarrhea characteristic of
severe colitis develop. Toxic megacolon and colonic perforation may recur.
Extraintestinal complications include conjunctivitis, seizures, meningismus,
Reiter’s syndrome, thrombocytopenia, and hemolytic uremic syndrome.

The course of shigellosis is variable. In children, it may resolve in 1 to
3 days and in most adults in 1 to 7 days. In severe instances, it may last
longer than 3 to 4 weeks with associated relapses. It may be confused with
idiopathic ulcerative colitis. A minority of patients become chronic carriers.

d. The diagnosis of shigellosis is made by identification of the gram-negative
bacillus in the stool. Sigmoidoscopic findings are identical to those of idio-
pathic inflammatory bowel disease.

e. Treatment. Patients should receive supportive therapy with antipyretics and
fluids. Antiperistaltic agents such as diphenoxylate hydrochloride (Lomotil)
or loperamide hydrochloride (Imodium) should be avoided. Antimicrobial
therapy decreases the duration of fever, diarrhea, and excretion of the organ-
isms in the stool. Trimethoprim/sulfamethoxazole, tetracycline, and ampi-
cillin (but not amoxicillin) are all effective; however, resistance has been
demonstrated. Ciprofloxacin and norfloxacin are also effective.

4. Escherichia coli. In addition to ETEC, other serotypes of E. coli also cause
diarrhea. These include enteroinvasive E. coli (EIEC), enteropathogenic E. coli
(EPEC), enterohemorrhagic E. coli (EHEC), diffuse adherence E. coli (DAEC),
and enteroaggregating E. coli (E AGGEC). All of these bacteria possess plasmid-
encoded virulence factors. They make specific interactions with the intestinal
mucosa by way of bacterially derived adhesions. Some produce enterotoxins
and cytotoxins. Transmission is fecal-oral.

a. Enteroinvasive E. coli

i. Epidemiology. EIEC is a traveler’s pathogen. Epidemics have been
described resulting from imported cheese. The organism also causes epi-
demics in young children, 1 to 4 years of age.

ii. Clinical disease. Similar to Shigella, EIEC invades and destroys the
colonic mucosal cells and causes, first, watery diarrhea followed by a
dysentery like syndrome. The incubation period is 1 to 3 days. The fever
and diarrhea last 1 to 2 days.

iii. Diagnosis. Fecal leukocytes are present. Serotyping and ELISA are avail-
able only in research settings.

iv. Treatment is supportive. Bismuth subsalicylate, by decreasing colonic
secretions, seems to decrease the diarrhea and other symptoms in all
infections with E. coli species. The antimicrobials used in shigellosis are
effective, as well as rifaximin 200 mg p.o. t.i.d.

b. Enteropathogenic E. coli

i. Epidemiology. EPEC is a major cause of diarrhea in both economically
developed and underdeveloped countries. It commonly causes outbreaks
in nurseries affecting children up to 12 months of age. It may also cause
sporadic diarrhea in adults. The bacteria adhere closely to the enterocyte
membrane via an adherence factor with destruction of microvilli.
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i. Clinical disease. Disease onset is with fever, vomiting, and watery diar-
rhea. Symptoms may continue for longer than 2 weeks and patients may
relapse.

ili. Diagnosis is by serotype analysis

iv. Treatment. Nonabsorbable antibiotics such as neomycin, colistin, and

polymyxin have been recommended. Ciprofloxacin hydrochloride, nor-
floxacin, and aztreonam are also effective and preferred.

Enterohemorrhagic E. coli

i. Epidemiology. EHEC or E. coli O157:07, and rarely E. coli O26:H11
have been detected in contaminated hamburger meat; outbreaks have
occurred in nursing homes, daycare centers, and schools.

ii. Pathogenesis and clinical disease. EHEC eclaborates a Shigella-like

toxin (verotoxin 1) that is identical to the neuroenterocytotoxin of
S. dysenteriae and to verotoxin 2 and an adherence factor encoded by a
plasmid. Transmission is fecal-oral. Although the disease is more com-
mon in children, several outbreaks have occurred in adults from conta-
minated beef. The bloody diarrhea may be copious but may show no
fecal leukocytes. It usually lasts 7 to 10 days but may be complicated by
hemolytic uremia syndrome.

iii. Diagnosis. Stool cultures and serotyping sorbitol-negative E. coli iso-

lates may yield the organism.

iv. Treatment. Symptomatic treatment and ciprofloxacin or norfloxacin
may be used in severe illness. Supportive measures are recommended.
Diffuse adherence E. coli (DAEC) affects young children, especially in eco-
nomically underdeveloped countries. Diarrhea is usually watery, lasts less

than 2 weeks, and may become persistent.

Enteroaggregating E. coli (EAGGEC) has been recognized recently as a

pathogen especially affecting the ileum and the terminal ileum. The aggre-

gating bacteria gather around the villi and cause epithelial destruction. The
pathogenesis is transferred by a plasmoid via fimbriae. It causes persistent
diarrhea in children and is more common in economically underdeveloped
countries. The management of the diarrheal illness is similar to that of other
E. coli species strains.

5. Yersinia enterocolitica

Epidemiology. Y. enterocolitica can be found in stream and lake water and
has been isolated from many animals, including dogs, cats, chickens, cows,
and horses. It is transmitted to humans via contaminated food or water, or
from human or animal carriers. It most commonly affects children and
rarely causes disease in adults. It is found worldwide, especially in
Scandinavia and Europe, and may result in epidemics.
Pathogenesis and clinical disease. Yersinia causes a spectrum of diseases
ranging from gastroenteritis to invasive ileitis and colitis. The organism is
invasive and elaborates a heat-stable toxin. These properties allow its invasion
into and through the distal small-bowel mucosa and subsequent infection of
the mesenteric lymph nodes. The incubation period is 4 to 10 days. The dis-
ease normally lasts several weeks but can be prolonged for many months.
The manifestation of Yersinia infection is variable. In infants and
young children less than 5 years, it may be febrile gastroenteritis lasting 1
to 3 weeks. In older children, it may mimic acute terminal ileitis, mesenteric
adenitis, or ileocolitis. It may be confused with acute appendicitis. The
enterocolitis presents with bloody diarrhea, fever, and abdominal pain
accompanied by anorexia, nausea, and fatigue. The diarrhea usually lasts 1
to 3 weeks but may be protracted (>3 months). Polyarthritis, erythema
multiforme, and erythema nodosum occasionally develop 1 to 3 weeks after
the onset of diarrhea. Bacteremia is rare but may be seen in immunosup-
pressed patients and may result in hepatosplenic abscess, meningitis, and
infections of other organs. Metastatic foci may occur in joints, lungs, and
bones.
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c. Diagnosis can be made by stool and blood cultures using special media and
culture conditions. The laboratory should be notified. Serologic tests have
been useful in Europe and Canada. The serotypes found in the United States
do not give reliable serologic results.

d. Treatment in most instances is supportive. Antimicrobials such as tetracy-
cline, chloramphenicol, and trimethoprim/sulfamethoxazole may be used in
severe illness.

Aeromonas hydrophila

a. Epidemiology. A. hydrophila is a member of the Vibrionaceae family.

It is transmitted from contaminated food and water, especially in the

summer months.
Pathogenesis and clinical disease. Acromonas produces several toxins.
The heat-labile enterotoxin and the cytotoxin are implicated in the intestinal
infection. The disease commonly follows ingestion of untreated water just
before the onset of symptoms and consists of fever, abdominal pain, watery
diarrhea, and vomiting lasting about 1 to 3 weeks in children and 6 weeks or
longer in adults. In 10% of instances, diarrhea is bloody and mucoid. Chronic
diarrhea and choleralike presentation have also been described. In immuno-
compromised patients and patients with hepatobiliary disease, bacteremia
may occur.

c. Diagnosis. Stool cultures are diagnostic. Fecal leukocytes may be present in
one third of instances.

d. Treatment is supportive in mild instances. In severe illness and with chronic
diarrhea, antibiotics may shorten the duration of the disease. Aeromonas is
resistant to beta-lactam antibiotics. Trimethoprim/sulfamethoxazole, tetra-
cycline, and chloramphenicol have been effective.

Plesiomonas shigelloides

a. Epidemiology. Plesiomonas is another member of the Vibrionaceae family
that causes sporadic diarrheal disease affecting travelers to Mexico, Central
America, and the Far East after ingestion of raw shellfish. It produces a
choleralike toxin but also has invasive potential.

b. Clinical disease. Diarrhea is usually watery, but in one third of the patients
it is bloody. Abdominal pain is usually severe. Vomiting and fever may be
present. Although the disease is usually over in 1 week, it may last longer
than 4 weeks.

c. Diagnosis is by stool culture. Fecal leukocytes may be present.

d. Treatment is supportive. The organism has the same microbial sensitivity as
Aeromonas.

Clostridium difficile

a. Epidemiology. C. difficile is a spore-forming obligate anaerobe. It is found

as “normal flora” in 3% of adults, 15% of hospitalized patients, and 70% of

infants in pediatric wards. It may cause disease in people of all ages, but it
most frequently affects elderly and debilitated patients. The transmission is
usually fecal-oral; however, it may be transmitted environmentally by spores
carried on fomites or on contaminated hands of health care workers. The dis-
ease usually follows antibiotic use with disruption of the normal colonic flora.

All antimicrobial agents with the exception of vancomycin and parenterally

administered aminoglycosides have been linked with C. difficile enterocolitis.

In most instances, the ingestion of the antimicrobial agent is within 6 weeks

of the onset of the diarrhea. Case reports of C. difficile disease in patients

who have not received antibiotics include patients with neutropenia or ure-
mia, those undergoing cancer chemotherapy, and homosexual males.

Pathogenesis and clinical disease. C. difficile produces two major tox-

ins. Toxin A is an enterotoxin, and toxin B is a cytotoxin used in commer-

cial latex agglutination testing for detection of the infection. Toxin A binds
to receptors on the colonic mucosal surface and causes severe inflammatory
changes. The toxigenic effect is catalyzed by previously present trauma or
injury to the mucosal cells. The severity of the disease varies from watery

4
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diarrhea to severe pseudomembranous colitis with bloody diarrhea, fever,
and systemic toxicity.

c. Diagnosis is made by stool cultures or by the demonstration of the presence of

the associated cytopathic toxin produced by C. difficile in stool samples. Fecal
leukocytes may be absent in 50% of instances. Toxin assay may be negative in
10% to 20% of instances. Sigmoidoscopy, colonoscopy, and histologic exami-
nation of the mucosal biopsies support the diagnosis. Pseudomembranes, if
present, are most common in the rectum and distal colon. Occasionally, how-
ever, they are present only in the transverse colon or cecum.

d. Treatment. The strategies for treatment vary according to the severity of the

symptoms. Unnecessary antibiotics should be stopped. Corticosteroids and
antiperistaltic agents should be avoided because they may prolong C. difficile
carriage and exacerbate the diarrhea. Patients with colitis may be treated
with oral vancomycin 125 mg q.i.d. for 10 days or oral metronidazole
250 mg q.i.d. for 10 days. Cholestyramine may be used in mild disease to aid
in binding the elaborated toxins. Relapse after antimicrobial therapy occurs
in 20% of patients within 1 week after therapy. In such patients, the eradica-
tion of C. difficile may require vancomycin 250 to 500 mg q.i.d. for
1 month or pulsed doses of therapy for 5 days each time as long as necessary.
Combining rifampin 600 mg with vancomycin produces a synergistic effect.

Probiotics or bacterial therapeutic agents such as Lactobacillus or
Saccharomyces boulardii may add additional benefit. Over-the-counter yogurt
varities containing probiotics may be beneficial when ingested daily over
several weeks.

Ill. PARASITIC INFECTIONS OF THE BOWEL. Numerous parasites infect the human
bowel and cause disease. This chapter discusses only the most common parasitic
infections, namely, protozoan pathogens seen in the United States in normal, immuno-
competent people.

In recent years, there has been an increase in protozoan infections of the bowel

caused by increases in international travel to tropical and subtropical areas of the world,
in male homosexuality, and in AIDS. The protozoan infections seen in AIDS are dis-
cussed in Chapter 43. The antimicrobial therapy is summarized in Table 30-4 (page 204).
A. Giardia lamblia

1. Epidemiology. Giardia is a flagellated protozoan seen worldwide. It is trans-

mitted by the fecal-oral route from fecally contaminated water and food. It is
also a traveler’s pathogen and affects children and adults, especially people with
IgA deficiency, hypochlorhydria, and malnutrition.

. Pathogenesis and clinical disease. After ingestion of the cysts, excystation

releases the organism in the upper small intestine. Giardia adheres to the brush
border membrane of the enterocytes. Histologically, it may cause a celiac
sprue-like lesion, resulting in lactose deficiency and malabsorption. Incubation
after ingestion of the organisms is 1 week. Most infections produce mild, self-
limiting enteritis with watery diarrhea, abdominal bloating, cramps, and flatu-
lence lasting 1 to 3 weeks. The stools may be bulky and foul smelling. In a
minority of the patients, the infection persists and results in a chronic or recur-
rent disease with weight loss and malabsorption.

. Diagnosis is made by multiple stool examinations because the shedding of the

protozoan is episodic. In difficult illnesses, duodenal aspirates and touch prepa-
rations made by duodenal biopsy specimens can be used.

4. Treatment is with quinacrine hydrochloride (Atabrine), metronidazole (Flagyl),

or furazolidone (Furoxone). In recurrent illness, combination drug therapy may
be more efficacious.

B. Cryptosporidium

1. Epidemiology. Cryptosporidium is an important coccidian protozoan in veteri-

nary medicine. It is also a ubiquitous human pathogen affecting both immuno-
competent and immunosuppressed patients. There is a high rate of infection
among homosexual men, children in daycare facilities, and immigrants arriving



Chapter 30: Viral, Bacterial, and Parasitic Disorders of the Bowel 207

from economically underdeveloped countries. It accounts for 1% to 4% of
instances of infectious diarrhea in the economically developed world. The
incidence of infection is greater in the summer and fall. The organism may be
transmitted by a variety of routes including fecal-oral, hand-to-mouth, and
person-to-person via contaminated food, water, and pets (especially cats).

2. Clinical disease. In normal hosts, profuse watery diarrhea, anorexia, and low-
grade fever occur approximately 5 days after ingestion of the oocysts. In most
instances, it is a self-limited disease lasting 5 to 20 days. In immunodeficient
hosts, it can be a chronic, relentless disease with watery diarrhea of up to 17 L
per day. The organism infects the jejunum most heavily but has been found in
the pharynx, esophagus, duodenum, ileum, pancreatic ducts, gallbladder, bile
ducts, appendix, colon, and rectum.

3. Diagnosis may be established by the demonstration of the oocysts in the stool
specimens or the organisms in biopsy specimens obtained at endoscopy.
Giemsa, acid-fast, and silver stains increase the diagnostic yield.

4. Treatment is supportive with fluid and electrolytes. Octreotide, the synthetic
somatostatin analog, may reduce the volume of watery diarrhea. Spiramycin
and puromycin have been used with limited efficacy.

C. Entamoeba histolytica

1. Epidemiology. E. histolytica is an endemic and travel-associated, tissue-invasive
protozoan transmitted via the fecal-oral route. It is common in institutionalized
patients and homosexual males. In the United States, the prevalence is about 5%.

2. Pathology. The infection starts with ingestion of the cysts. The excystation
occurs in the colon with the release of trophozoites, which invade the mucosa
and lead to mucosal inflammation and ulceration similar to that seen in idio-
pathic inflammatory bowel disease. The classic lesions of amebiasis are the
“flask-shaped ulcers” that may extend to the submucosa.

3. Clinical disease. The infection manifests in a spectrum of disease with varying
severity. In the mild form, patients have crampy abdominal pain, intermittent
diarrhea, and tenesmus. In the more severe form, there is bloody diarrhea with
abdominal pain, tenesmus, and fever.

Acute abdomen secondary to perforation or peritonitis may be seen. The
infection may encompass the entire colon but may be in the form of amebomas,
which are single or multiple annular inflammatory lesions more often seen in
the cecum or the ascending colon.

4. Diagnosis is made by the demonstration of the organism in the stool. In
mildly affected patients and in carriers, cysts are usually present in the stool.
Trophozoites may be demonstrated in stool or biopsy specimens obtained
from ulcer margins at sigmoidoscopy or colonoscopy. In amebic colitis, the
serology by indirect hemagglutination test is positive in greater than 90% of
patients.

5. Therapy is variable depending on the severity of the symptoms and disease.
Asymptomatic intestinal infection is treated with diiodohydroxyquin
(iodoquinol [Diquinol]) 650 mg t.i.d. for 20 days or diloxanide furoate
(Furamide) 500 mg t.i.d. for 10 days. Patients with moderate-to-severe intesti-
nal disease are treated with metronidazole (Flagyl) 750 mg t.i.d. for 10 days
plus diiodohydroxyquin 650 mg t.i.d. for 20 days. The alternative treatment is
paromomycin 25 to 35 mg/kg t.i.d. for 7 days plus diiodohydroxyquin 650 mg
t.i.d. for 20 days.
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MALABSORPTION

Zhe term malabsorption connotes the failure to absorb or digest normally one or more
dietary constituents. Patients with malabsorption often complain of diarrhea, and sometimes
the distinction between malabsorption and diarrhea of other causes (see Chapter 29) initially
is difficult. For example, patients with primary lactase deficiency fail to absorb a specific
dietary constituent, lactose, and a watery, osmotic diarrhea develops. However, most patients
with malabsorption present with a syndrome characterized by large, loose, foul-smelling
stools and loss of weight. On additional study, it is found that they cannot absorb fat and
often carbohydrate, protein, and other nutrients also. Table 31-1 indicates that a wide vari-
ety of disorders of the organs of digestion can cause malabsorption or maldigestion.

I. DIAGNOSTIC STUDIES. Before discussing the disorders that may cause malabsorp-
tion, it is useful to review several of the diagnostic studies that are available to aid in
evaluating patients with this condition. The number and order of diagnostic studies
used depends on the clinical signs and symptoms of the patient.

A. Blood tests. The hemoglobin and hematocrit levels may identify an anemia that
accompanies malabsorption. A low mean cell volume (MCV) may be found in iron
deficiency, whereas a high MCV may result from malabsorption of folate or

BLE 31-1 Disorders That May Cause Malabsorption or Maldigestion
of One or More Dietary Constituents

Digestive disorder Examples

Pancreatic exocrine insufficiency Chronic pancreatitis
Pancreatic carcinoma

Bile acid insufficiency Small-bowel bacterial overgrowth
Crohn’s disease of the terminal ileum

Small-bowel disease

Mucosal disorders Celiac sprue
Collagenous sprue
Tropical sprue
Whipple’s disease
Radiation enteritis
Ischemic disease
Intestinal lymphoma
Regional enteritis
(Crohn’s disease)

Amyloidosis
Specific absorptive defects Primary lactase deficiency
Abetalipoproteinemia
Lymphatic disorders Intestinal lymphangiectasia
Mixed defects in absorption Zollinger-Ellison syndrome

Postgastrectomy disorders
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Figure 31-1. Plain x-ray film of the abdomen in a patient with extensive calcification of the pan-
creas (arrows) and pancreatic insufficiency.

vitamin B,. Serum levels of liver enzymes, protein, amylase, calcium, folate, and
vitamin B;, may be abnormal and should be ordered.
B. Radiographic studies

1.

Plain films or computed tomography scan of the abdomen may show
calcification within the pancreas, which indicates chronic pancreatic insufficiency
(Fig. 31-1).

. A barium examination of the upper gastrointestinal tract, including the small

bowel, usually is one of the first diagnostic studies in the evaluation of malab-
sorption syndrome. Often the findings are nonspecific. The bowel may be dilated
and the barium diluted because of increased intraluminal fluid. A more specific
tinding is thickening of the intestinal folds caused by an infiltrative process, such
as lymphoma, Whipple’s disease, or amyloidosis. The narrowed, irregular termi-
nal ileum in Crohn’s disease is virtually diagnostic (Fig. 31-2), although lym-
phoma and other infiltrative disorders also must be considered. Diverticula,
fistulas, and surgical alterations in bowel anatomy also may be evident.

C. Fecal fat determination. Malabsorption of fat (steatorrhea) is common to most
malabsorptive conditions (Table 31-2). Patients should ingest at least 80 g of fat
per day to obtain reliable interpretation of qualitative or quantitative fat determi-
nation. Mineral oil and oil-containing cathartics should be avoided.

1.

Qualitative screening test. The Sudan stain for fecal fat is easy to perform
and reasonably sensitive and specific when interpreted by an experienced per-
son. A small amount of fresh stool is mixed thoroughly with normal saline or
water on a glass slide. A drop of glacial acetic acid is added, and the slide is
heated to hydrolyze the fatty acids from the triglycerides in the stool. The Sudan
stain is then added. Increased stool fat is indicated by abnormally large or
increased numbers (>100/40 X field) of fat droplets.

. The quantitative determination of stool fat is more accurate than qualitative

screening, but the collection of stool often is disagreeable to patients, family, and
nursing personnel. The stool is collected over 72 hours in a large sealed container,
which can be enclosed in a plastic bag and refrigerated to contain unpleasant
odors. Most normal people excrete up to 6 g of fat per 24 hours on a diet that
contains 80 to 100 g of fat. Stool fat in excess of 6 g per 24 hours can result from a
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Figure 31-2. Small-bowel x-ray series in a patient with Crohn’s disease. Note the narrowed, irreg-
ular contour of the terminal ileum and cecum (arrow). (From Eastwood GL. Core Textbook of
Gastroenterology. Philadelphia: Lippincott Williams & Wilkins; 1984:102. Reprinted with permission.)

disorder of fat digestion at any stage, including pancreatic insufficiency (decreased
lipase), bile acid insufficiency, mucosal disease, or lymphatic obstruction.
D. Pancreatic function tests

1. Collection of pancreatic secretions from the duodenum. The volume of pan-
creatic secretion and the content of bicarbonate and enzymes can be measured by
collecting pancreatic secretions from the duodenum after stimulation of the pan-
creas with secretin or with a test meal. Pancreatic insufficiency or carcinoma of the
head of the pancreas, which partially obstructs the pancreatic duct, may be detected
by this means. For example, bicarbonate concentrations less than 90 mmol/L sug-
gest pancreatic insufficiency. However, pancreatic secretory tests are performed so
infrequently in most gastrointestinal laboratories that the results may be unreliable.

2. The bentiromide test is a test of pancreatic exocrine function that does not
require duodenal intubation. The chemical name of bentiromide is N-benzoyl-L-
tyrosyl-p-aminobenzoic acid. The test is performed by administering a single oral
dose of 500 mg of bentiromide after an overnight fast and the urine is then col-
lected for 6 hours. The pancreatic enzyme chymotrypsin cleaves the molecule
within the lumen of the small intestine, releasing paraaminobenzoic acid (PABA).
The PABA is absorbed and excreted in the urine. Less than 60% excretion of
PABA suggests pancreatic insufficiency, although mucosal disorders, renal dis-
ease, severe liver disease, and diabetes also can cause low PABA excretion.

3. Radiographic studies. Although computed tomography of the abdomen
(see Chapter 9) and endoscopic retrograde cholangiopancreatography (ERCP) (see
Chapter 5) do not measure pancreatic function directly, abnormalities such as
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dilated or strictured ducts, calcification, and pancreatic masses can imply pan-
creatic disease.

E. Bile acid breath test. Conjugated bile acids that are secreted into the duode-
num are resorbed with about 95% efficiency in the terminal ileum. If radio-
labeled [*C]-glycocholate is given orally to a healthy person, about 5% of it
enters the colon and undergoes bacterial deconjugation. The carbon dioxide
(14CO,) derived from the glycine is absorbed and excreted by the lungs and can
be measured in expired air. Bacterial overgrowth in the small intestine promotes
earlier bacterial deconjugation of the [1#C]-glycocholate, and consequently, a
larger amount of '*CO, is measured in the breath. Similarly, disease or resection
of the terminal ileum allows more bile acids to pass into the colon and undergo
bacterial deconjugation, resulting in an increase in expired carbon dioxide.

F. Xylose tolerance test. D-Xylose is a five-carbon sugar that remains intact when it
is absorbed across intestinal mucosa. Consequently, measurement of xylose absorp-
tion can be used as a screening test for diffuse disease of the small-intestinal mucosa.
The patient drinks 25 g of xylose dissolved in 500 mL of water, and the urine is col-
lected for the next 5 hours. A healthy person absorbs enough xylose to excrete more
than 5 g of xylose. Because low xylose excretion can result from inadequate hydra-
tion, the patient is encouraged to drink an additional 1,000 mL of water during the
5 hours of urine collection. In addition to mucosal disease, a low urinary xylose
excretion can result from small-bowel bacterial overgrowth, decreased circulatory
volume, massive ascites, and renal disease. To avoid the problem of urine collection
in patients with renal disease or who are unable to collect the urine accurately, a
blood xylose level at 2 hours after ingestion of the xylose can be determined. The
normal 2-hour blood xylose level is above 40 mg/dL.

G. Lactose absorption tests. The lactose tolerance test is an indirect measurement
of the activity of intestinal lactase, a brush border enzyme that hydrolyzes lactose
to glucose and galactose. To perform the lactose tolerance test, a fasting blood glu-
cose level is drawn, and the patient swallows 50 g of lactose mixed in 500 mL of
water. The blood glucose level is determined 15, 30, 60, and 90 minutes after
ingestion of lactose. If the patient is lactase deficient, the blood glucose level fails
to rise more than 20 mg/dL above the fasting level (Fig. 31-3).
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Figure 31-3. Serial blood glucose levels during a lactose tolerance test in a patient with primary
lactase deficiency. The blood glucose failed to rise more than 20 mg/dL above the fasting value.
(From Eastwood GL. Core Textbook of Gastroenterology. Philadelphia: Lippincott Williams & Wilkins;
1984:113. Reprinted with permission.)
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Lactose absorption also can be assessed by measuring breath hydrogen (H,)
after oral administration of 25 g of lactose. If lactose absorption in the small bowel
is impaired, an abnormally large amount of lactose reaches the colon, where bac-
teria ferment it, forming excessive amounts of H,. The H, is absorbed and excreted
by the lungs.

H. Vitamin B,, absorption (Schilling) test. The standard Schilling test measures
the 24-hour urinary excretion of orally administered cobalt-labeled vitamin B,,
and has been used to diagnose conditions in which intrinsic factor (IF) may be
absent, such as pernicious anemia or gastric atrophy. When IF is given with vita-
min B,,, the test becomes a measure of terminal ileal or pancreatic function,
because dietary vitamin B,, is bound in the stomach to an endogenous protein
called R protein. Pancreatic enzymes degrade the R protein in the proximal small
bowel and lower its affinity for vitamin B,,, resulting in the rapid transfer of B,
to IE. The IF-B;, complex continues to the terminal ileum, where it binds to spe-
cific receptors on the surface of the epithelial cells. Thus lack of sufficient pan-
creatic enzymes or of terminal ileal mucosa may result in abnormal vitamin B,
excretion. Normally, more than 10% of the labeled dose is excreted within 24
hours. Other conditions that predispose to a low urinary excretion include poor
hydration, decreased circulatory volume, renal disease, small-bowel bacterial
overgrowth, and infestation with the tapeworm Diphyllobothrium latum.

1. Small-bowel biopsy. The specific diagnosis of several mucosal diseases can be
made by small-bowel biopsy, and the diagnosis of other disorders can be
inferred on the basis of nonspecific findings (see Chapter 5).

Photomicrographs of normal human small-intestinal mucosa and of the
mucosa from a patient with celiac sprue are shown in Figs. 31-4 and 31-5,
respectively.
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Figure 31-4. Photomicrograph of a normal human small-intestinal mucosal biopsy taken from the
distal duodenum. The villi are tall and straight and the villus-to-crypt ratio is about 5:1. (From
Eastwood GL. Core Textbook of Gastroenterology. Philadelphia: Lippincott Williams & Wilkins;
1984:105. Reprinted with permission.)
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Figure 31-5. Photomicrograph of a mucosal biopsy from the distal duodenum in a patient with
celiac sprue. The villi are severely blunted, the crypts are elongated, the surface epithelial cells are
flattened, and the lamina propria contains a dense inflammatory cell infiltration.

Il. PANCREATIC EXOCRINE INSUFFICIENCY

A.

Pathogenesis. Pancreatic insufficiency usually is the result of chronic inflammatory
disease of the pancreas. Most often, this is caused by alcohol abuse, but it may result
from traumatic pancreatitis, familial pancreatitis, or chronic hypercalcemic pancre-
atitis. Rarely, pancreatic carcinoma presents as pancreatic insufficiency before jaun-
dice and pain develop. Because pancreatic enzymes are necessary for the digestion of
fat, protein, and carbohydrate, pancreatic insufficiency leads to panmalabsorption.
The diagnosis of pancreatic insufficiency is suspected on clinical grounds in a per-
son with chronic relapsing pancreatitis. Abdominal pain may or may not be a fea-
ture, but loss of weight is common. Calcification evident on abdominal plain x-ray
films is a sure sign of pancreatic exocrine insufficiency, although insufficiency cer-
tainly can exist in the absence of calcification.

Table 31-2 outlines the expected findings of several diagnostic studies that
may be applied to the evaluation of patients with malabsorption. Not all of the
studies listed are necessarily performed in patients with suspected pancreatic insuf-
ficiency. The small-bowel x-ray series in pancreatic insufficiency may be abnormal
in a nonspecific manner; that is, the barium may be diluted and segmented because
of the increased intraluminal contents. Because pancreatic lipase is essential for fat
digestion, the 24-hour quantitative fecal fat determination is elevated, sometimes in
the range of 30 to 40 g.

The xylose tolerance test and small-bowel biopsy usually are not performed
in patients with pancreatic insufficiency. If performed, they are normal. If the
Schilling test is performed, it may indicate mild malabsorption of vitamin B,,
because of the role the pancreas plays in facilitating vitamin B,, absorption (see
section L.H). The bentiromide test is usually abnormal in patients with moderate-
to-severe pancreatic insufficiency.
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C.

Treatment. Pancreatic enzyme preparations can be given orally to augment or
replace endogenous enzymes. Because these tablets are inactivated rapidly by gas-
tric acid, two to three tablets must be taken before, during, and after each meal.
Supplemental acid-suppressive medications may prolong the activity of these
preparations. Specially designed sustained-release pancreatic enzyme preparations,
which are unaffected by gastric acid, are also available. A low-fat diet may be use-
ful in the control of severe steatorrhea. Some patients require supplemental cal-
cium, vitamin D, and other fat-soluble vitamins.

Ill. BILE ACID INSUFFICIENCY

A.

Pathogenesis. Insufficient bile acids can result from a disorder at any step in the
enterohepatic circulation of bile acids. In severe intrinsic liver disease, the liver may
not produce enough bile acids; in partial biliary obstruction, the bile acids do not
reach the intestinal lumen in sufficient concentration; in bacterial overgrowth of the
small intestine, bile acids are deconjugated before they can participate in fat absorp-
tion; and in disorders of the terminal ileum, bile acids are not reabsorbed ade-
quately to maintain the bile acid pool. Because bile acids facilitate the absorption of
dietary fat by the formation of intraluminal micelles, a deficiency in bile acids
results in malabsorption of fat. Absorption of protein and carbohydrate is normal.
Diagnosis. The upper gastrointestinal and small-bowel x-ray series usually are
normal in bile acid insufficiency, unless the results suggest a lesion that obstructs
the common bile duct; small-bowel stasis or diverticula, which may allow bacter-
ial overgrowth; or terminal ileal disease.

Because bile acids facilitate but are not necessary for fat absorption, steator-
rhea usually does not exceed 20 g per 24 hours. The bile acid breath test is abnor-
mal if bacterial overgrowth or terminal ileal disease is present. A normal xylose
tolerance test and a normal small-bowel biopsy are expected unless there is bacte-
rial overgrowth. Bacterial overgrowth and disease of the terminal ileum also may
cause abnormal results on the Schilling test.

The treatment of bile acid insufficiency varies with the cause. Improvement in the
liver disease or relief of the biliary obstruction may be adequate.

1. Small-bowel bacterial overgrowth. Patients who have small-bowel bacterial
overgrowth may respond to the administration of metronidazole or tetracycline
or another broad-spectrum antibiotic or rifaximin (Xifaxan) 400 mg p.o. t.i.d.
for 10 days more. If bile acid deficiency is not correctable, a reduction in dietary
long-chain triglycerides is indicated. Medium-chain triglycerides, which do not
require bile acids for absorption, can be used to supplement dietary fat.
Additional fat-soluble vitamins may be indicated.

Terminal ileal disorders. Patients who have disorders of the terminal ileum
may have malabsorption of vitamin B,, and of bile acids. An abnormal
Schilling test in these patients indicates that they should receive monthly injec-
tions of vitamin B,,. When disease of the terminal ileum impairs bile acid
absorption, the bile acids pass into the colon, where unconjugated dihydroxy
bile acids inhibit the absorption of water and electrolytes. Thus, these patients
may have both steatorrhea as a result of bile acid deficiency and watery diar-
rhea from the effects of bile acids on the colon. More extensive disease or
resection of the terminal ileum predisposes to greater reductions in the bile
acid pool, and steatorrhea predominates. In patients with lesser involvement,
watery diarrhea is prominent, and steatorrhea may not be clinically evident.

Cholestyramine, which binds bile acids, may be taken orally to treat the
watery diarrhea in patients who have less extensive disease or small resections.
The dosage ranges from one-half packet (2 g) once or twice a day to several
packets a day with meals. Because bound bile acids do not participate in fat
absorption, the steatorrhea may actually worsen. In patients with little involve-
ment of the terminal ileum, however, the net effect may be an improvement in
the diarrhea. In patients with more extensive involvement in whom steatorrhea
is aggravated by cholestyramine, supplemental medium-chain triglycerides may
be necessary. Nearly all patients benefit from restriction of long-chain triglyc-
erides (i.e., ordinary dietary fat).

g
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If Crohn’s disease is responsible for the terminal ileal dysfunction, treat-
ment with mesalamines, sulfasalazine, immune modulating drugs, or steroids
may be necessary (see Chapter 37).

IV. SMALL-BOWEL DISEASE
A. Mucosal disorders
1. Pathogenesis. A number of disorders of varying etiology affect the mucosa of
the small intestine (see Chapter 3, section IV.C.3). Because all ingested foodstuffs
are assimilated across the small-bowel mucosa, disorders that affect the mucosa
have the potential for causing malabsorption of fat, protein, carbohydrate, vita-
mins, and minerals. Whether malabsorption is clinically significant depends on
the site and extent of involvement. For example, in celiac sprue (gluten-sensitive
enteropathy), the lesion begins first in the proximal intestine and extends distally.

Because iron, calcium, and folate are absorbed preferentially in the proximal

small bowel, these nutrients may not be absorbed normally in patients with celiac

sprue. On the other hand, because Crohn’s disease most often affects the distal
ileum, which is the site of vitamin B, and bile acid absorption, patients with

Crohn’s disease may have vitamin B, and bile acid deficiency.

2. Diagnosis

a. The small-bowel x-ray series usually is abnormal in small-bowel mucosal
disease. It may be nonspecifically abnormal, showing dilatation of the bowel
and dilution of the barium, such as in celiac sprue. In contrast, infiltrative
disorders, such as Whipple’s disease, lymphoma, or amyloidosis, cause thick-
ening of the mucosal folds. Irregular mucosal contour and narrowed loops
may suggest Crohn’s disease.

b. Small-bowel biopsy. When small-bowel mucosal disease is suspected, the
question often is when to perform the small-bowel biopsy. Some physicians
proceed directly to biopsy in the clinical setting of apparent panmalabsorp-
tion and an abnormal small-bowel x-ray series without clinical suspicion of
pancreatic disease. Others first order a xylose tolerance test to confirm
mucosal disease and obtain a 72-hour stool fat collection to quantitate the
steatorrhea. A Schilling test usually is not performed. The small-bowel biopsy
may or may not be diagnostic (see Chapter 3, section IV).

i. Celiac sprue (CS) (celiac disease/gluten-sensitive enteropathy) is a
chronic disorder. Classical presentation is with malabsorption, diarrhea,
bloating, flatulence and weight loss. However, it can also present with ane-
mia, chronic fatigue, fibromyalgia, short stature, infertility, seizures, osteope-
nia, and osteoporosis. It may coexist with autoimmune and connective tissue
disorders (see Table 31-3). Patients with dermatitis herpetiformis (DH) often
have the intestinal pathology; however, not all patients with CS have DH.

Celiac sprue is most prevalent in non-Hispanic Caucasians, espe-
cially in persons of western European and Irish descent. The prevalence
may be as high as 1:125 to 1:300 in the Western world. There is a 70%
concordance rate in identical twins and a prevalence of 10% in first-
degree relatives. HLA studies indicate that most celiacs possess DR3-DQ2
or DR5/7-DQ2 and some celiacs have DR-4-DQS8.

Patients with celiac sprue have inappropriate mucosal T-cell response to
ingested gluten or prolamines from dietary grains resulting in intestinal
mucosal injury. The putative prolamines include gliadin in wheat, secalin in
rye, and hordein in barley. Avenin in oats does not induce immunoreactivity.

It is thought that prolamines such as gliadin form an immunogenic
complex with tissue transglutaminase (tTG). This gliadia-tTG complex
forms the substrate for antigliadin antiendomysial and anti-tTG antibodies.
The resulting T-cell response mediates small intestinal mucosal damage.

Diagnosis is confirmed with combination of clinical, serologic and
histopathologic findings. IgA and IgG antigliadin antibodies (AGA) are
sensitive but nonspecific. Endomysial IgA antibody (EMA) and IgA tTG
have 95% sensitivity and specificity, especially in classic cases of CS. Both
have lower sensitivity in patients with lesser degrees of villous atrophy.
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I a/\:{EEE PN Conditions Associated with Celiac Disease

Disorder

Examples

Anemia

Short stature

Infertility

Ataxia
Seizures

Iron deficiency Primary biliary cirrhosis
Folate deficiency Primary sclerosing cholangitis
Vitamin B,, deficiency

Prolonged prothrombin time
Osteopenic bone disease Autoimmune cholangitis

Idiopathic hepatits
and cirrhosis

Neuropsychiatric disorders
Peripheral neuropathy Lymphocytic gastritis

Cognitive deficits

Hyperactivity-attention deficit disorder
IgA deficiency
IgA nephrolpathy Intestinal T-cell ymphoma

Type | diabetes mellitus

Oropharyngeal and esophageal squamous
cell carcinoma

Autoimmune thyroid disease

Autoimmune adrenal disease

Sjogren’s syndrome

Systemic lupus erythematosis

Rheumatoid arthritis

Lymphocytic colitis

Non-Hodgkin’s lymphoma

Intestinal adenocarcinoma

To ascertain the diagnosis of celiac sprue, small-bowel biopsy is rec-
ommended since the mucosal involvement may be patchy. At least six dis-
tal duodenal sites should be biopsied during endoscopy. Biopsies should
not be obtained from the duodenal bulb or the immediate post-bulbar
duodenum since the presence of submucosal mucous glands in these areas
may influence epithelial and mucosal histology. Diagnostic features
include villous blunting; deepening of crypts; and increased intraepithelial
lymphocytes (IEL), monocytes, and plasma cells.

Serologic tests should not replace small-intestinal biopsy findings for
making the diagnosis of celiac sprue. However, if small-intestinal biopsies
are unavailable, the presence of high titer EMA or IgA tTG is most sug-
gestive of CS. Because IgA deficiency is common in patients with celiac
sprue, IgA levels should be determined. In patients with IgA deficiency,
IgG tTG may have value in diagnosing celiac sprue.

ii. Other mucosal disorders. The mucosal lesion of Whipple’s disease is

characterized by blunted villi that are distended by dense accumulations
of periodic acid—Schiff (PAS)—positive macrophages. These PAS-positive
macrophages contain the etiologic agent of Whipple’s disease:
Tropheryma Whippelii, a gram-positive actinomycete. T. Whippelii has
also been isolated from pleural fluid, vitrous sample, and peripheral blood
mononuclear cells by polymerase chain reaction.

Whipple’s disease is a systemic disorder that usually presents
with weight loss, cough, fever, diarrhea, hypotension, abdominal swelling,
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anemia, and mental status changes. PAS-positive macrophages may be
found in the small bowel, pericardium, endocardium, synovia, lymph
nodes, lung, brain, meninges, uvea, retina, and optic nerves. The disease
in some instances may present as a sarcoidlike syndrome and involve the
mediastinal nodes.

Other small-bowel mucosal disorders include abetalipoproteine-
mia, which is identified by villous epithelial cells that contain large fat
vacuoles. The absence of plasma cells suggests agammaglobulinemia.
Other disorders may or may not be evident on mucosal biopsy (see
Chapter 5, section IV.C.3).

3. Treatment. A discussion of the clinical management of all the small-bowel
mucosal disorders is beyond the scope of this book. The reader is referred to
standard textbooks of medicine and gastroenterology.

a. Celiac sprue. The treatment of celiac sprue is primarily the rigorous restric-

tion of all dietary gluten. The patient must avoid all wheat, barley, and rye.
Rice, corn, soy, and the flours of these grains are acceptable. Sprue patients
must also avoid many commercially prepared foods, such as some brands of
ice cream, some desserts, and meats that contain wheat fillers. Even some
vitamin and drug preparations are enclosed in capsules that contain small
amounts of gluten, which may be sufficient to produce mucosal injury in
some patients. Adjunctive treatment of sprue may include vitamin, calcium,
and iron supplements.

Whipple’s disease. Patients with Whipple’s disease should receive procaine
penicillin G, 1.2 million units per day intramuscular (IM) injection or intra-
venously, plus streptomycin 1 g per day IM for 2 weeks, followed by
trimethoprim/sulfamethoxazole double-strength twice daily for 1 year.

c. The mucosal lesion in other disorders, such as intestinal lymphoma, para-

sitic infestations, and Crohn’s disease, responds to treatment directed at the
underlying disease. If clinically significant steatorrhea persists, restriction of
dietary fat is indicated. Supplemental vitamins and minerals may be necessary.

B. Specific absorptive defects
1. Lactase deficiency
a. Pathogenesis. Primary lactase deficiency is an example of a defect in a spe-

c

cific brush border enzyme, lactase, which causes the malabsorption of the
disaccharide lactose. Infants and young children in all populations and most
white adults of North America and Europe normally have sufficient lactase
to hydrolyze milk lactose to its constituents, glucose and galactose.

However, most of the adult populations of the world, including blacks,
Asians, South and Central Americans, and Inuits, are typically “lactase-
deficient.” On a worldwide scale, therefore, whether the presence or lack of
lactase is normal or abnormal depends on the population under consideration.
Diagnosis. People with lactase deficiency typically experience abdominal
cramps and watery diarrhea within minutes after ingesting milk. These
symptoms develop because the unhydrolyzed lactose is not absorbed and
remains within the intestinal lumen, where it acts as an osmotic cathartic.

As the lactose passes into the lower bowel, bacterial action converts it
to lactic acid and carbon dioxide, which contribute to the catharsis and
cramping. The clinical history of abdominal cramps and diarrhea after milk
ingestion usually is sufficient evidence of lactase deficiency. If the diagnosis is
uncertain, however, a lactose tolerance test can be performed (see section L.G).
Treatment consists of restricting milk and milk products. Some milk is
available commercially in which the lactose has been hydrolyzed.

2. Abetalipoproteinemia
a. Pathogenesis. Because lipoproteins are necessary for the formation of the

apoprotein that combines with triglycerides, cholesterol, and phospholipids
within the intestinal absorptive cells to form chylomicrons, the lack of beta-
lipoproteins results in an accumulation of fat within the enterocyte and con-
sequent fat malabsorption.
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b. Diagnosis. Stool fat is increased, but the small-bowel x-ray series and the
xylose tolerance test are normal. Serum cholesterol and triglycerides are low,
and beta-lipoproteins are absent. A small-bowel biopsy is diagnostic, show-
ing villous epithelial cells distended with fat, but the appearance is otherwise
normal.

c. Treatment. There is no specific treatment of the underlying disease. The fat
malabsorption improves with restriction of dietary long-chain triglycerides
and substitution of medium-chain triglycerides, which do not require chy-
lomicron formation but rather are absorbed directly from the villous epithe-
lial cells into the blood. Fat-soluble vitamins also are indicated.

V. LYMPHATIC DISORDERS

VL

A.

Pathogenesis. Obstruction of lymphatic drainage from the gut causes dilatation of
the lymphatics (lymphangiectasia) and loss of fat and protein in the stool. In some
patients, the disorder appears to be congenital or idiopathic. In others, there is an
association with Whipple’s disease, congestive heart failure, right-heart valvular dis-
ease, or frankly obstructive lesions, such as abdominal lymphoma, retroperitoneal
fibrosis, retractile mesenteritis, mesenteric tuberculosis, and metastatic cancer.

. Diagnosis. Patients commonly seek treatment for weight loss, diarrhea, and

edema caused by the decrease in plasma proteins. Some patients have chylous
ascites. Barium examination of the small intestine may be normal, may have an
appearance of nonspecific malabsorption, or may indicate a nodular mucosal pat-
tern caused by distended or infiltrated villi. Steatorrhea usually is mild. The xylose
tolerance test should be normal unless the underlying disease (e.g., lymphoma) has
infiltrated the mucosa. Small-bowel biopsy should confirm the diagnosis by iden-
tifying dilated lymphatics within the cores of the villi.

. Treatment. In addition to undergoing treatment of any associated disorder that

may be responsible for the lymphatic obstruction, patients with lymphatic disease
should receive medium-chain triglycerides, limit their intake of long-chain triglyc-
erides, and take supplemental fat-soluble vitamins.

MIXED DEFECTS IN ABSORPTION

A.

Gastric acid hypersecretory states

1. Pathogenesis. Malabsorption may accompany the Zollinger-Ellison syndrome
and other gastric acid hypersecretory conditions. The large amounts of acid that
reach the duodenum and proximal small intestine may have several adverse
effects. First, there may be villous blunting and mucosal inflammation. These
conditions may impair absorption in the proximal bowel. Second, the mucosal
lesion may predispose to the inadequate release of cholecystokinin and secretin
with consequent poor stimulation of gallbladder contraction and pancreatic
secretion. Third, the acid environment in the duodenum also inactivates pancre-
atic enzymes and may precipitate glycine-conjugated bile acids, additionally
impairing the digestion of fat, protein, and carbohydrate. Finally, in hypergas-
trinemic conditions, gastrin itself may inhibit absorption of water and electrolytes
in the small bowel, which contributes to the diarrhea that occurs in some patients.

2. Diagnosis and treatment. The upper gastrointestinal and small-bowel x-ray
series may show peptic ulcerations in the stomach, duodenum, or proximal
small intestine and may have a nonspecific malabsorption pattern. Other tests
of malabsorption may or may not be abnormal, depending on the severity of
the disease. The diagnosis and treatment of the Zollinger-Ellison syndrome and
other hypersecretory conditions are discussed in Chapter 24.

Postgastrectomy disorders. The multiple causes of malabsorption and maldiges-

tion in patients after gastric surgery, and their diagnosis and treatment, are

discussed in Chapter 28.
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SMALL-INTESTINAL NEOPLASMS
AND CARCINOID TUMORS

N eoplasms of the small intestine, either benign or malignant (Table 32-1), are unusual
but not rare, comprising less than 5% of all gastrointestinal tumors. Because they are
uncommon and relatively inaccessible to standard diagnostic studies, the diagnosis of
small-bowel tumors is sometimes delayed.

I. DIAGNOSIS
A. Clinical presentation. Small-intestinal (SI) tumors usually occur in people over
age 50. The presenting signs and symptoms are similar whether the tumors are
benign or malignant. Small-bowel obstruction, either partial or complete, mani-
fested by abdominal pain or vomiting or both, is a frequent presentation. Chronic
partial obstruction may predispose to stasis and bacterial overgrowth, leading to
bile acid deconjugation an