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Foreword

A fine team of state-of-the-art researcher/clinicians who know their fields,
have contributed to the advancement of knowledge, and are in a position
to judge what is truly important have here pooled their thoughts in a
series of chapters on the cutting edges of gastroenterology. Four attributes
render this volume superior to other update-oriented publications. The
first striking feature, which is immediately evident upon scanning the
table of contents, is the imaginative choice of subjects, ranging from trav-
eler’s diarrhea and sexually transmitted GI infections through TPN and
interventional endoscopy to geriatrics and iatrogenic disease.

A second outstanding feature of this volume is its success in balanc-
ing basic pathophysiology with practical considerations of clinical man-
agement. This is achieved in the discussions of such diverse topics as
acid-peptic diseases, infectious and other diarrheal syndromes, and hep-
atitis immunization. Throughout the book we are led smoothly from
basic science principles to specific recommendations for diagnosis and
therapy. This practical emphasis appears repeatedly and sometimes pro-
duces a delightful surprise, such as a chapter on radiology that is not tech-
nology-based but instead problem-oriented.

A third remarkable feature is the critically analytical perspective
adopted by many of the authors. Not content merely to tabulate and
review, survey and summarize, they have taken a hard evaluative look at
their subjects. Ulcer medications, gallstone dissolution, invasive thera-
peutic endoscopy, nutritional support systems, pills and prophylaxis for
traveler’s diarrhea, new operations for inflammatory bowel disease, and
other items in the gastroenterological armamentarium are assessed from
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personal viewpoints that are nourished by extensive experience and crit-
ical judgment. The results are stimulating and refreshing, as exemplified
by the welcome infusion of science, commeon sense, and intellectual curi-
osity into the controversial arena of food allergy and intolerance.

Finally, and most notably, the entire volume is woven together with
a rare sensitivity to ethics, economic and psychosocial concerns, and
humanism. These issues are perhaps expected to be raised in considera-
tions of functional bowel disease, reviews of GI disorders in the elderly,
or special chapters like Howard Spiro’s eloquent contribution on “Dilem-
mas and Decisions in Digestive Disease.” It is particularly gratifying,
however, to find humanistic attitudes also permeating discussion of inter-
ventional endoscopy, TPN, and surgical techniques. This attention to
ethical issues is well exemplified by the inclusion of a chapter on “Iatro-
genic Aspects of Gastroenterological Practice,” in which W. C. Watson
sensibly warns us, “Just because something can be done does not mean
it needs to be done or should be done.”

David B. Sachar, M.D.
Professor of Clinical Medicine
Director, Division of Gastroenterology
The Mount Sinai Medical Center
New York, New York



Preface

This work arises from submissions made at the first and second symposia
on Recent Advances in Gastroenterology held by the Canadian Associa-
tion of Gastroenterology. The proposed audience for this volume is the
general internist and the general surgeon, as well as those in specialties in
gastroenterology and hepatology. In addition, this publication will be of
use and benefit to senior medical residents preparing for subspecialty
examinations in internal medicine, general surgery, and gastroenterology.

The rate of change of medical practice and the growth of its scientific
and information base are intimidating. This is particularly true of gastro-
enterology, which has major specialty divisions of its own. Through the
generous support of Glaxo Canada Ltd., and with the organizational
assistance of the Royal College of Physicians and Surgeons of Canada,
the Canadian Association of Gastroenterology is pleased to undertake its
commitment to the advancement of science and the improvement in the
quality of the care of patients with diseases of the gastrointestinal tract.
We are fortunate in having a distinguished group of contributors from
North America. Their subjects are diverse, important, and topical.

It gives us special pleasure to acknowledge the considerable assis-
tance from Glaxo Canada, and the support of its former president, the
late Mr. Frank Burke.

We would also like to express our appreciation to Mr. Frank M.
Sabatino of Glaxo Canada for his enthusiastic support of this project.

Alan Thomson

L. R. Da Costa

William C. Watson
Alberta and London
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A Physiological Basis for the Rational
Therapy of Peptic Ulcer

C. J. de Gara, D. B. Jones, and R. H. Hunt

1. INTRODUCTION

Peptic ulcer continues to present a significant clinical problem. Although
the overall incidence and prevalence of the disease probably remain
unchanged, dramatic improvements in medical therapy have markedly
altered the patterns of referral in the last decade. Thus, surgical interven-
tion for uncomplicated disease has become a relative rarity in most cen-
ters, the majority of effective therapies being administered by primary
care physicians. An increasing number of potent ulcer-healing agents are
now available to the physician demanding better understanding of the
disease pathophysiology. The etiology and reason for relapse remain
unknown, but continuing research into the cellular control mechanisms
of acid and pepsin secretion and mucosal resistance is leading to a more
logical and focused therapeutic approach. '

2. AGGRESSIVE FACTORS
2.1. Acid

The normal human stomach contains approximately one billion
parietal cells, which have the capacity to secrete 30 mmol of H* ion or

C. J. de Gara, D. B. Jones, and R. H. Hunt ® The Intestinal Diseases Research Unit and
Division of Gastroenterology, McMaster University Medical Centre, Hamilton, Ontario,
Canada L8N 3Z5.
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more per hour under maximal stimulation. Although the correlation
between parietal cell mass, acid secretory state, and acid peptic disorders
remains inconclusive, maximal acid output and nocturnal acid secretion
tend to be increased in peptic ulcer patients compared with controls.'?
The adage “No acid, no ulcer is still pertinent, as testified to by the fact
that acid suppression therapy, either pharmacologically or surgically, has
proved highly effective in the management of peptic ulceration.

The studies of the mechanisms controlling acid secretion involve
human or intact animal gastric aspiration with or without intragastric
titration* and indicator dilution.’ I»n vitro study includes Ussing cham-
bered gastric mucosa,® isolated gastric gland preparations,” and the iso-
lated purified parietal cell.® Within the limitations of in vitro prepara-
tions, valuable information may be obtained regarding receptor and
intracellular function. However, the measurement of acid secretion
remains indirect.

Acid secretion is regulated by chemical messengers which are tar-
geted to the parietal cell (Fig. 1) by one of three primary modes: neuro-
crine, endocrine, or paracrine.’ Subsequently, intracellular function is
mediated by a group of secondary messengers (vide infra). Three sub-
stances are recognized as primary messengers on the parietal cell, viz.,
acetylocholine (neurocrine) released by postganglionic neurons, gastrin
(endocrine) from the G cells of the antral mucosa, and histamine (para-
crine) released locally from mast cells of the oxyntic mucosa. Parietal cell
function is mediated through receptors for each of these systems. Mac-
Intosh'® and later Code'' proposed histamine as the final common path-
way for acid secretion by the parietal cell, but this has not been substan-
tiated. The hypothesis proposed by Grossman and Konturek'? and fur-
ther developed by Soll'® considers that each secretagogue acts at its own
receptor site on the parietal cell and that their actions are parallel to, and
facilitated by, one another. This action has been termed a “permissive
effect” and represents the currently held view which allows for antago-
nists of one receptor to inhibit stimulation produced at another receptor.

2.2. Neurocrine Control (Muscarinic Receptors)

Stimulation of the vagus nerve either endogenously with insulin
hypoglycemia or modified sham feeding or exogenously with bethanecol
results in gastric acid secretion, an effect that can be blocked by the
administration of an anticholinergic agent or by vagotomy. Histamine
may potentiate this cholinergic stimulus both iz vivo and in vitro. In addi-
tion, vagal stimulation may also promote gastric secretion by increasing
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Figure 1. Schematic representation of the parietal cell showing the receptor systems (hista-
mine, acetylcholine, gastrin), the second messengers (cyclic AMP and calcium ions), and the
proton pump activated in the stimulated state. The postulated site of each antagonist—
histamine receptor antagonist (H,RA), atropine, proglumide, prostaglandins, and omepra-
zole—is as shown.

gastrin release.' It has been suggested that those patients who are rela-
tively resistant to H, receptor antagonist therapy'’ may possess an
increased vagal drive which may account for the success of vagotomy in
healing duodenal ulcers in these patients.'®

Recently, evidence has accumulated for the existence in the gastric
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mucosa of two populations of muscarinic receptor subtypes, termed M,
and M,."” These receptors have been demonstrated using in vitro binding
techniques with the selective muscarinic antagonist pirenzepine. This
anticholinergic is less potent than atropine, but does not cross the blood-
brain barrier and has a higher affinity for fundic mucosa receptors than
smooth muscle receptors. Pirenzepine might therefore prove useful in the
management of selected peptic ulcer patients, particularly those who may
have increased vagal tone.

2.3. Endocrine Control (Gastrin Receptors)

A second receptor on the parietal cell binds the hormone gastrin, a
peptide that exists in essentially three forms. The principal form contains
17 amino acids (termed G17, or “little gastrin”), and the other two con-
tain either 34 (G34, “big gastrin”) or 14 amino acids (G14, “mini gas-
trin”). Gastrin is produced by the specialized G cells of the gastric antrum
and proximal duodenum. Secretion is stimulated by the presence of food
in the gastric antrum, by antral distention, and by cholinergic stimulus.
Gastric secretion is also stimulated by circulating calcium, which may
explain the presence of hypergastrinemia and peptic ulceration in pri-
mary hyperparathyroidism.

Gastrin release is inhibited by acid in the pyloric antrum and con-
versely is stimulated by achlorhydria. Several peptide hormones inhibit
gastrin release, including secretin, gastric inhibitory polypeptide (GIP),
vasoactive intestinal polypeptide (VIP), glucagon, and calcitonin. The
action of gastrin on gastric acid secretion is blocked by both anticholin-
ergics and H, antagonists, reinforcing the interplay that exists between the
three receptors. A specific gastrin receptor blocking agent—proglumide—
is available but has, as yet, no clinical value.

Hypergastrinemia is found in many disease states, e.g., pernicious
anemia, chronic renal failure, and hyperparathyroidism. Gastrinoma
(Zollinger-Ellison syndrome), antral G-cell hyperplasia, and postsurgical
gastric antral retention are all associated with gastric acid hypersecretion
and peptic ulcer diathesis. In Zollinger-Ellison syndrome, abnormally
high and persistent levels of gastrin are released from tumors, usually of
the pancreatic islet cells. In this condition, severe and intractable peptic
ulceration is common. In antral G-cell hyperplasia, hypergastrinemic
hyperchlorhydria occurs in the absence of a gastrin-producing tumor. The
diagnosis is histological, the condition being similar to the Z-E syndrome
in that the hypergastrinemia is not reversed by antral acidification. In
antral G-cell hyperplasia, the hypergastrinemia may increase after a meal,
remain unchanged after calcium, and decrease after secretin, whereas the
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hypergastrinemia associated with the Z-E syndrome is usually
unchanged by meals and increased by secretin and calcium.

2.4. Paracrine Control (Histamine Receptors)

The discovery of a subclass of histamine H, receptors on the parietal
cell’® and the subsequent development of specific agonists and antago-
nists to this receptor stimulated major advances in the understanding of
acid-related disorders. Histamine and the H, receptor agonist impromi-
dine" are potent stimulators of acid secretion in isolated rabbit parietal
cells and isolated gastric glands of man, rabbit, and dog. Conversely, this
receptor may be blocked, with resultant inhibition of acid secretion, by
specific H, receptor antagonists such as cimetidine or ranitidine.

2.5. Second Messengers in the Parietal Cell

The use of isolated gland and cell models has proved important for
the determination of receptor and intracellular mechanisms of acid secre-
tion. The currently held concept proposes ligand binding to the cell recep-
tor, initiating changes in the plasma membrane with the generation of
cyclic AMP or alteration in Ca’* permeability. Subsequent changes in
intracellular cyclic AMP or intracellular free Ca’* produce an alteration
in parietal cell function.”

2.5.1. Cyclic AMP

The H, receptor is coupled to adenylate cyclase and activation ele-
vates parietal cell cyclic AMP.?' Currently much work is attempting to
elucidate the complex activation of adenylate cyclase and the biochemi-
cal mechanism whereby cyclic AMP activates the secretory canalicular
apparatus.

2.5.2. Calcium lons

Both the cholinergic response, in rabbit gastric glands and dog pari-
etal cell, and the gastrin response, in gastric glands, require extracellular
Ca’*.?” The regulation of intracellular Ca>* depends on passive Ca’*
entry and active exit pathways across the basal-lateral membrane. Vesi-
cles isolated from the gastric mucosa show the presence of an ATP-depen-
dent, calmodulin-activated Ca’** pump. Although the effects of intracel-
lular Ca** changes have not been established for parietal cell, a gastric
mucosal Ca’*-dependent protein kinase has been described.* The phys-
iological importance of Ca’* in the regulation of acid secretion is becom-
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ing more apparent and has been shown to be required for membrane
fusion events in other cell systems.?

2.5.3. The Proton Pump

The absolute dependence of acid secretion in the mammalian pari-
etal cell on ATP, K* and Cl~ has been established in chambered prepa-
rations, isolated glands, and isolated gastric vesicles.”® The system
responsible for the generation of the proton gradient is a plasma-mem-
brane-bound ATPase which requires the presence of luminal K* for its
activity. This H*/K*-ATPase enzyme proton pump is situated at the acid
secretory membrane. The substituted benzimidazoles are a group of com-
pounds which have been shown to interfere with this pump and as a con-
sequence inhibit gastric acid secretion.”

The discovery of this enzyme system represents a dramatic advance
in the understanding of parietal cell physiology. The action of the ben-
zimidazoles, unlike receptor antagonists which competitively inhibit
basal membrane receptor systems, is noncompetitive, dose dependent,
and long-lasting.” Omeprazole is the first compound of this group to be
used in humans, and up to 98% acid reduction is seen with larger doses
of 80 mg, while 30 mg produces 50-60% reduction for up to 5 days.”

Much remains to be investigated with regard to parietal intracellular
function and the complex interrelationship between the membrane recep-
tors, cyclic AMP, Ca’*, and the proton pump, and no doubt newer agents
will be targeted at these functions.

2.6. Pepsin

Pepsin, an acid protease secreted as several isoenzymes, was first
described 150 years ago.* Pepsin is important to our understanding of
the pathophysiology of peptic ulceration since this does not occur unless
pepsin is present in addition to acid.** Surprisingly little is known about
the control of pepsin in humans, but it has been generally assumed that
the mechanisms are the same as those for acid.

Pepsin was first named and characterized by Schwann in 1836.° In
1933, Northrop crystallized pepsin from bovine gastric juice and found
it to have a molecular weight of 35,000.* The unique properties of pepsin
include optimal enzyme activity at pH 1.5-2.5 and inactivation at pH 7.%
Pepsinogens are the inactive precursors of pepsins stored within zymogen
granules of the chief cell, are secreted into the gastric lumen, and are con-
verted into pepsin(s) by an autocatalytic mechanism in the presence of
hydrogen ion.* One percent of the pepsinogens pass into the circulation
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by an unknown mechanism and subsequently undergo renal excretion as
uropepsinogen.* The significance and importance of the pepsinogens in
plasma is little understood, although many workers have attempted to
relate serum pepsinogen heterogeneity to genotype and disease.”” >’

It has been assumed that pepsin secretion varies pari passu with acid
secretion, although there is now some evidence to suggest that this is not
always the case. A philosophy propounded by Code'' that “nature seldom
issues monopolies in the control of important biological functions”
applies not only to acid secretion but also to pepsin. His statement finds
support on evolutionary grounds from species such as the chicken that
has a single cell type responsible for the secretion of both acid and pepsin,
while in other species, including humans, separate cell types have
evolved.®

As with studies of acid secretion, the control of pepsin secretion has
been investigated in isolated chief cell or mucosal gland preparations, and
in both humans and animal models. Although a three-receptor system is
accepted for parietal cell function, the presence of these receptors on the
chief cell is not certain. The control mechanisms for pepsin secretion in
humans have not been clearly worked out. Pepsin secretion appears to be
predominantly under vagal control,* but the various receptor activating
secretagogues may also be of importance. The control of secretion may
be an interplay between the receptors, a final common mediator process
or possibly a nonreceptor-mediated event governed by the intimate spa-
tial relationship between chief and parietal cells, thus making intercellu-
lar communication possible. An alternate hypothesis of pepsin secretion
control relates to the fact that topical acid is also known to stimulate pep-
sin secretion in-both humans* and dogs.*® A mucosal/cholinergic reflex
has therefore been postulated whereby the back-diffusion of acid stimu-
lates pepsin secretion to ensure maximal secretory rates only in the pres-
ence of sufficient acid to convert pepsinogen to pepsin. The physiological
control of pepsin secretion is further complicated by the effects of gas-
trointestinal peptide hormones such as secretin, which administered
exogenously cause an inhibition of acid secretion while stimulating pep-
sin secretion.*

2.7. Pepsin and the Neurocrine System

The primary stimulus to pepsin secretion by the chief cell is cholin-
ergic’' whether endogenous (insulin, 2-deoxyglucose, or shamfeeding) or
exogenous (bethanecol or urecholine). The volume of gastric secretion is
also believed to be predominantly under vagal control.* This vagal com-
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ponent of pepsin secretion is seen not only in the dog,* but also in
humans.?’

Gibson et al.*® found that administration of an H, receptor antago-
nist during a background of cholinergic stimulation caused an increase in
pepsin secretion. Conversely, Hirschowitz and Molina® found that
cimetidine in the presence of bethanecol inhibited pepsin secretion
whereas metiamide and ranitidine did not alter pepsin secretion. Studies
in the cat have shown that an increased resistance to H,RA blockade of
gastric secretion develops with increasing degrees of vagal stimulation.*
It seems, therefore, that the cholinergic drive to the chief cell can be
inhibited, remain unchanged, or be enhanced by H,RA.

The volume of gastric secretion is also predominantly under vagal
control,* which may account for the higher duodenal ulcer healing rates
achieved by vagotomy than medical therapy.”' In a study in patients
whose ulcers failed to respond to cimetidine there was an increase in pep-
sin output with cimetidine, 1 g/day, whereas atropine, 4.8 mg/day,
decreased pepsin output, although neither change achieved statistical sig-
nificance. When both drugs were combined, pepsin output was decreased
significantly.”> These observations suggest that patients with severe
refractory ulcer disease may possess a higher vagal drive which not only
gives rise to greater levels of intragastric pepsin but also produces a resis-
tance to H, receptor blockade.

2.8. Pepsin and the Endocrine System

In humans, the observed effects of pentagastrin on pepsin secretion
vary considerably between workers. Some quote pepsin concentration
and others pepsin output. Pepsin output is a product of the volume of
gastric secretion and pepsin concentration; therefore, agents affecting vol-
ume will alter pepsin output, while not necessarily affecting pepsin secre-
tion. Interpreting Berstad and Petersen’s work® in healthy volunteers,
doses of pentagastrin ranging from 0.06 to 7.0 ug/kg per hr produced an
initial rise in pepsin concentration followed by a return to basal levels. A
similar effect occurred with pepsin output in a dose-response study by
Aagaard et al>* in duodenal ulcer patients. Conversely, other workers>>%
have shown that pepsin secretion is increased by pentagastrin.

2.9. Pepsin and the Paracrine System

Most conflict regarding pepsin secretion relates to histamine studies.
In the dog®” and the cat® pepsin secretion is stimulated by low doses of
histamine and suppressed by increasing doses which stimulate gastric
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hydrogen ion secretion. This biphasic response suggests that stimulation
may be mediated by a high-affinity, low-K,, receptor, and inhibition is
mediated by a low-affinity, high-K,, H, receptor.”®

This observation has been reported in both normal and duodenal
ulcer subjects,®® with low doses of histamine causing an increase in pepsin
secretion whereas higher doses produced inhibition. A possible explana-
tion for apparent stimulation of pepsin secretion by histamine in these
human studies may be the fact that conventional H, antagonists given
concurrently to block histamine side effects possess additional inherent
cholinergic actions. Using the H, receptor specific agonist impromidine'®
in humans, in the absence of H, receptor blockade, inhibition of pepsin
secretion has been demonstrated.®’ However, the effect of impromidine
in dogs is similar to that of histamine in that low doses stimulate and
high doses inhibit pepsin secretion.®* These observations have in the past
been attributed to the “washout” phenomenon, in which there is a large
discharge of preformed pepsinogen granules from the chief cell, giving
rise to an apparent stimulation followed by diminution of pepsin secre-
tion as the granule supply becomes exhausted.

In clinical studies, cimetidine competitively inhibits histamine-stim-
ulated acid secretion but changes the biphasic pepsin dose-response
curve (in which low doses of histamine stimulate and higher doses
inhibit) to one that parallels the acid output curve.® A similar phenom-
enon has been observed overnight in duodenal ulcer patients free of exog-
enous stimulation, although endogenous stimulation by excessive vagal
drive remains one possible explanation.

The control of pepsin secretion in humans has yet to be finally deter-
mined, and in the majority of clinical situations suppression of acid secre-
tion is sufficient to render this potent proteolytic enzyme inactive. How-
ever, without pepsin, ulceration does not occur®' ~* thus warranting an
improved understanding of the control mechanisms and the potential for
the development of a truly antipeptic agent.

3. DEFENSIVE FACTORS

The property of the gastric mucosa to protect itself against acid and
pepsin digestion, termed the “mucosal barrier,” was developed as a con-
cept by Davenport® in 1964. Since that time considerable interest has
been focused on the factors that alter mucosal integrity. This review will
focus on gastric mucosal blood flow, mucosal integrity, mucus, and bicar-
bonate secretion (Fig. 2).
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3.1. Mucosal Blood Flow

The gastric mucosa receives approximately 70% of the total gastric
blood flow. A variety of techniques for the study of mucosal blood flow
have been described including ['“Claminopyrine clearance,® indicator-
dilution with “K® or *Rb,% heat clearance,®® and inert gas indicator
washout technique using ¥Kr,* '**Xe,” or hydrogen clearance. The con-
trol of mucosal blood flow involves an interplay between the central and
autonomic nervous systems, the peptidergic system, and tissue amines.
Studies on anterior and posterior hypothalamic stimulation and left gas-
tric artery blood flow” revealed an increased flow and acid output with
anterior stimulation and had the opposite effect with posterior stimula-
tion. Electrical stimulation of the lateral hypothalamic area’™ showed an
increase in blood flow and acid secretion in rats which was reversed by
instillation of norepinephrine into the lateral ventricle. A noradrenergic
inhibitory mechanism may therefore be involved in the regulation of
mucosal blood flow. Stimulation of sympathetic fibers to the stomach
decreases both total and mucosal blood flow, through reduction in sub-
mucosal arteriolar blood flow. Parasympathetic supply, via the vagus,
when stimulated, increases blood flow, an effect that can be reversed by
atropine” and vagotomy.” An interaction between the sympathetic and
parasympathetic systems has been demonstrated in the dog’® such that
activation of muscarinic receptors on adrenergic nerve endings mediate
inhibition of adrenergic neurotransmission.

Histamine has been shown to increase gastric blood flow through
both H, and H, receptors on the submucosal arterioles.”® The H, receptor
antagonists metiamide and cimetidine have no effect on resting mucosal
blood flow, but, in some species studied, reduce the ischemia produced
by experimental hemorrhagic shock.” Many of the gastrointestinal hor-
mones including VIP,” secretin, vasopressin,” and somatostatin® while
inhibiting stimulated gastric acid secretion also produce a reduction in
gastric blood flow. The ratio of blood flow to acid secretion remained
unchanged, indicating that the reduction was secondary to the inhibition
of acid secretion.

Studies into the effects of prostaglandins (PGs) on the gastric
mucosal vasculature have to be interpreted with caution since many have
potent antisecretory properties. PGI, in the rat, for example, increases
resting gastric blood flow, inhibits pentagastrin-stimulated acid secretion,
and causes an increase in the mucosal blood flow-acid output ratio.®
Similarly, PGs A and E inhibit acid secretion and vasodilate rat gastric
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mucosa.”” Drugs such as indomethacin and aspirin which inhibit the syn-
thesis of prostaglandins have been shown to decrease both resting and
pentagastrin-stimulated mucosal blood flow.®

The importance of mucosal blood flow in the maintenance of
mucosal integrity has been demonstrated in animal studies with induced
mucosal ischemia where high concentrations of acid produced no injury
in normotensive rats, but erosions occurred even with very low acid con-
centrations in hypotensive animals.* Furthermore, agents that tend to
increase mucosal blood flow, such as prostaglandins, have a protective
effect against substances known to produce mucosal injury such as bile
salts.

3.2. Mucosal Integrity

The gastric mucosa behaves as a semipermeable barrier, and luminal
acid has the ability to back-diffuse from lumen into the mucosa. A variety
of agents have been shown to increase mucosal permeability to H* by
both in vitro and in vivo methods. In vivo methods of study include iso-
lated gastric pouches,® a mucosal flap with an intact blood supply,® or
the ligated stomach with continuous perfusion.’® These studies involve
placing a solution of known composition into the pouch, flap, or stomach
and analyzing the changes in ionic flux over a given time period. The
Ussing chamber® provides an in vitro perfusion system divided into a
luminal and serosal half by the mucosa. With electrodes connnected to a
voltmeter any changes of potential difference (PD) may be recorded. PD
has been suggested as a sensitive index of mucosal integrity in such a
system® since PD routinely falls when there is increased mucosal
permeability.

Exposure to damaging agents produces a rapid change in mucosal
ultrastructure, with intracellular changes in mucus cells occurring prior
to cell membrane changes. Intracellular changes in parietal cells are more
apparent in the midupper regions of the gastric pits.* Ito**'* has termed
the reparative changes that occur as gastric mucosal restitution. He has
demonstrated that this restitution is rapid, i.e., 30 min, if damage is mild.
Cells adjacent to a damaged area throw out lamelapodia, with surface
mucous cells migrating over the basal lamina, leading to the formation
of new tight junctions and the re-establishment of normal electrophy-
siology and secretory properties.

Bile and bile salts frequently reflux from the duodenum into the
stomach in patients with gastritis and gastric ulcer, and their effect on



PHYSIOLOGICAL BASIS FOR ULCER THERAPY 13

mucosal permeability is both pH and concentration dependent.”’ The
actions are related to their detergent or lipid-disrupting properties which
cause dissolution of mucosal phospholipid and leakage of acid hydro-
lases.”? Pancreatic juice alone does not alter mucosal permeability,” but
lysolecithin, which is formed in the presence of bile salts and pancreatic
enzymes, causes changes in a concentration-dependent, pH independent
manner.*

The damaging effects of alcohol are pH independent, but are depen-
dent on carbon chain length, lipid solubility, and concentration; ethyl
alcohol, at a concentration of 10% or less, does not alter mucosal perme-
ability,” whereas increasing concentrations do. Salicylates are a potent
cause of mucosal damage, and do so by a variety of mechanisms. Actions
include a nonspecific increase in mucosal permeability,”® decrease in cel-
lular ATP,” dose-dependent decrease in protein synthesis,” and interfer-
ence with oxidative phosphorylation.” Of importance is the exposed car-
boxyl group common to salicylates and many of the nonsteroidal anti-
inflammatory agents, which has been implicated in increasing mucosal
permeability and the inhibitory effects on active ion transport.'®
Although direct contact of the gastric mucosa with steroids'' or long-
term parenterally administered steroids does not alter mucosal permea-
bility, prednisolone does potentiate the effects of acetylsalicylic acid.'”

The ability of low-dose, non-antisecretory doses of prostaglandins to
protect mucosal integrity produced by ethanol and boiling water has been
termed “cytoprotection.”'®” This concept has recently been challenged by
Lacy and Ito,'™ who have shown histologically that rat gastric mucosa
was not protected from the damaging effects of absolute ethanol by 16,16-
dimethyl prostaglandin E, in 77% of animals although no macroscopic
lesion was evident. Various amino acids have been claimed to have pro-
tective effects, but may in fact represent the alkaline pH of amino acids
in solution or their weak buffering action.'”® The mechanisms by which
prostaglandins maintain the mucosal integrity are complex including
inhibition of H* secretion, increase of cyclic AMP activity, active Na*
transport, HCO,~ secretion, blood flow, and mucus secretion, and stabi-
lization of lysosomal membranes.'® Whether H, receptor antagonists pre-
vent mucosal damage or act solely by acid inhibition is controversial; in
some studies the effect appears to be H* related,'”” and in others the pro-
tective effect appears independent of acid inhibition.'® The most recent
theory of cellular defense has been proposed by Hills, Butler, and Lich-
tenberger'® whereby surface-active phospholipids in gastric mucosa form
a hydrophobic protective lining, which can be disrupted by aspirin or bile
salts.
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3.3. Mucus

Mucus forms a thin continuous layer of water-insoluble viscoelastic
gel adherent to the epithelium, Gel formation is due to high-molecular-
weight (2 X 10° glycoproteins, which consist of polymers of four sub-
units (mol. wt. 5 X 10°) joined covalently by disulfide bridges and con-
taining short carbohydrate side chains.''° Free gastric juice mucus is made
up largely of pepsin-degraded mucus subunits. Adherent epithelial mucus
is 0.5 mm thick'!! and contains 5% glycoprotein at a concentration of 30—
50 mg/m1 and 90% water.'"

A variety of methods have been described for the study of mucus
including carbohydrate composition by colorimetry or gas liquid chro-
matography, radiolabeling of glycoprotein precursors, histochemical
staining, radioimmunoassay, viscosity measurements, and precipitation
and turbidity studies.'"°

Mucus is produced by specific glands throughout the gastrointestinal
tract including Brunner’s glands. Secretion is by continuous exocytosis of
granules or by explosive release by apical expulsion of older cells in the
interfoveolar area and, rarely, by cell exfoliation. The synthesis of mucus
is complex, involving multiple steps in the biosynthetic pathway.''* The
protein core is made by translation of mRNA with attachment of N-ace-
tylgalactosamine to serine and threonine residues; then carbohydrate
side-chain biosynthesis begins in the rough endoplasmic reticulum (ER).
In the smooth ER and Golgi apparatus, stepwise addition of sugars to the
precursor glycoprotein occurs. The glycoprotein is packed into secretory
vesicles and secreted as new mucus from these vesicles by plasma mem-
brane fusion. The degradation involves proteolysis of the glycoprotein
with solubilization of the gel and subsequent breakdown of the soluble
glycoprotein into low-molecular-weight sugars and amino acids that can
be reutilized by the body or enteric flora.

A variety of neural and humoral factors can increase luminal mucus.
Splanchnic or vagal nerve stimulation or topical acetylcholine produces
copious mucus,'"* although glycoprotein synthesis is not increased.'”
Secretin has been shown to increase the sugar content of glycoprotein in
humans''® and increase mucus viscosity in cats. Prostaglandins increase
the amount of soluble mucus in rats without changing the glycoprotein
content of surface mucus.''” Cholecystokinin, gastrin, histamine,''® sero-
tonin, and carbachol (reversible by atropine)''’ also increase gastrointes-
tinal mucus. The ulcer healing drug carbenoxolone increases the life-span
of mucus-producing cells and the amount of stable mucus.'?° On the other
hand, salicylates'”’ and steroids decrease stainable mucus in the mucosa
and the glycoprotein sugars in gastric juice.'”
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The glycoprotein content of mucus has been shown to be increased
in patients with gastric ulcer compared to normal controls and those with
duodenal ulcer.'” Increased luminal glycoprotein sugars have been found
in human stress erosions,'** and duodenal ulcer patients have been found
to have increased viscosity.'” There is also histochemical and biochem-
ical evidence that the nature of mucus is altered in malignant disease.'*

Although considerable data have accumulated regarding the nature
of gastric mucus, the physiological control mechanisms and the in vivo
dynamic changes of pepsin-degraded soluble mucus versus mucosal sur-
face have yet to be determined. Of considerable interest is the process by
which not only ions such as H*, but also large molecules, for example,
pepsin, pass through the mucus layer from the mucosa into the lumen.

3.4. Bicarbonate Secretion

Secretion of bicarbonate by the stomach was first proposed by
Schierbeck'?” in 1892, and Pavlov, 6 years later, suggested that an “alka-
line mucus” lined the gastric mucosa and neutralized luminal acid.'*® In
1959 Heatley'” presented evidence for a zone of low turbulence produced
by mucus adherent to the mucosa, which allowed for gradients of bicar-
bonate secreted by the epithelium and H* ions diffusing from the lumen.
The bicarbonate would protect the epithelium against acid by neutraliz-
ing the H* ions diffusing through the mucus layer to the mucosa. The
study of bicarbonate secretion is hampered by the fact that stimuli for
bicarbonate lead to a much greater simultaneous stimulation of acid
secretion.

The human stomach secretes bicarbonate at basal rates varying
between 0.4 and 2.6 mmol/hr.'” Prostaglandin E, and its methyl deriva-
tives in high intraluminal concentrations stimulate gastric alkali secre-
tion."*® This fact may contribute to its theoretical usefulness in peptic
ulcer disease. Lower doses do not appear to produce stimulation, and this
may represent a dose-related phenomenon. Aspirin and taurocholate,
which produce mucosal damage, have been shown to inhibit alkali secre-
tion,"”' and it has been suggested that mucosal injury may be due to a
diminished neutralizing capacity, thus permitting greater H* ion back-
diffusion. Urecholine, a cholinomimetic, increases bicarbonate secretion
whereas histamine and gastrin have no effect.'®

Recent work has revealed that gastric and duodenal epithelia secrete
bicarbonate by an energy-dependent process at a maximum rate that is
about 10% of that for acid.'® The use of microelectrodes has demon-
strated experimentally the existence of pH gradients, with neutralization
of H* by secreted bicarbonate within the unstirred layers of mucus adher-
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ent to the mucosa,'* the pH at the cell surface being much higher than in
the luminal bulk solution.

Although it appears that a variety of agents can stimulate or inhibit
gastric and duodenal bicarbonate secretion, interpretation of results
remains difficult. The mucosa of the fundus or antrum contains tight
junctions which have a low permeability for the passive transfer of ions.'*
Many agents, including aspirin and ethanol, described earlier, change
mucosal permeability by their actions on tight junctions or by destruction
of epithelium which leads to a marked increase in the passive migration
of ions including bicarbonate from tissue and blood to the gastric lumen.
This effect then gives rise to an apparent increased secretion of bicarbon-
ate but merely represents a leaky gastric mucosa. To overcome this pos-
sible artifact, concurrent measurement of the electrical characteristics of
the mucosa may help to differentiate true increases in secretion from
luminal bicarbonate accumulation due to passive transfer since a leaky
mucosa has a low potential difference and resistance.

Insights into mucosal defense mechanisms are only now beginning
to answer the question proposed by Archibald Pitcairn (1652-1713):
... why, upon the Digestion of Food in the Stomach, which is as easily
digestible as the Food, yet, the stomach itself should not be dissolved.”'*

4. A PHYSIOLOGICAL BASIS FOR THE CHOICE OF
ULCER THERAPY

Epidemiological, clinical, and pathophysiological evidence indicates
that the etiology of peptic ulceration is heterogeneous if unknown. On a
background of genetic predisposition and certain environmental condi-
tions, such as alcohol, analgesics, or indigestion, peptic ulcer may be due
to an increase in gastric acidity and/or pepsin release, or a defect in
mucosal resistance (Fig. 3). Thus, methods used to treat ulcers and
thereby achieve the goals of medical therapy may be divided into two
major categories: (1) drugs that reduce gastric acidity and peptic activity,
and (2) drugs that enhance mucosal resistance (Table 1). This provides a
working formula for drug prescription in peptic ulcer disease, although
some agents, such as H,-receptor antagonists, sucralfate, and the antacids,
may have more than one effect.

4.1. Acid- and Pepsin-Inhibiting Drugs

This group includes Hj-receptor antagonists, proton pump inhibi-
tors, anticholinergic agents and antacids. The mechanism of action differs
but the end result is nevertheless elevation of intragastric pH. Contrary
to original concepts, recent evidence suggests that acid suppression need
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Figure 3. The occurrence of peptic ulceration may be viewed as a result of an imbalance
between aggressive factors (left) and defensive factors (right). Therapy is aimed at restora-
tion of this balance.

Table 1. Drugs Used in Peptic Ulcer Disease Divided into Those Which Reduce
Acid and Peptic Activity and Those Which Enhance Mucosal Resistance

Controlling acid/pepsin Enhancing defense
H,-receptor antagonists Prostaglandins
Prostaglandins Carbenoxolone
Antacids ?Sucralfate
Anticholinergics ?Antacids
Benzimidazoles ?Bismuth
Trimipramine

only be at night rather than for the whole 24 hr to obtain comparable 4-
week healing rates.'*”'*® The precise amount of acid inhibition required
to promote ulcer healing has yet to be determined.

4.1.1. Hjy-Receptor Antagonists

Since its release on the British market in 1976, cimetidine has been
used in 30 million patients in 123 countries.'® There have been over 35
trials of cimetidine versus placebo in duodenal ulcer healing. In all stud-
ies, cimetidine was superior to placebo, with 16 of the 23 studies showing
significant improvement with cimetidine (61-90%) over placebo (14-
59%). In the seven studies not showing a significant difference, placebo
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healing rates were high, thus making a type II or beta error with small
patient numbers likely. The daily dose of cimetidine has varied between
0.8 and 1.6g, given over 4-8 weeks. No significant differences are appar-
ent between taking 400 mg twice daily, 200 mg thrice daily with 400 mg
at night, or 300 mg four times daily. A dose of cimetidine of 400 mg twice
daily'® was considered attractive in terms of improved compliance.

Ranitidine, is 5-8 times more potent than cimetidine on an equi-
molar basis, allowing a twice-daily dose of 150 mg to be used. Ranitidine
is consistently better than placebo in duodenal ulcer healing, all 20 trials
showing a significant advantage (54-100% healing for ranitidine com-
pared to 8-52% for placebo). The question then remains “Is one H, recep-
tor antagonist better than another?” There have been 12 studies of cimet-
idine versus ranitidine in duodenal ulcer disease. Of the 12 trials 11 favor
ranitidine (this fact alone is statistically significant). If one compares 8 of
the 12 trials that were of identical design with similar patient groups, with
about 700 patients in each group (approximately the number calculated
by Peterson and Elashoff'*' required to show a 10% significant difference
when the less effective therapy is successful in 70% of patients), raniti-
dine’s healing rate of 74% becomes statistically significantly superior to
cimetidine’s rate of 64% (p < 0.05).

A recent clinical pharmacological study of ranitidine, 300 mg at
night,'” showing a superior reduction in nocturnal acid secretion to con-
ventional twice-daily administration has led to a five-center therapeutic
trial conducted in the United Kingdom and Canada of ranitidine, 300 mg
at night versus 150 mg twice daily in duodenal ulcer healing.'** Ranitidine
given as a nighttime dose gave a healing rate of 95% compared to 84% for
twice-daily treatment, although this difference was not significant. The
deleterious effect of smoking on ulcer healing was reaffirmed in this study,
and could be overcome by the large evening dose of ranitidine.

The different efficacies of H, receptor antagonists in ulcer healing
probably represent the effect of different potencies to inhibit gastric acid
secretion at any given dose. Equipotency can be achieved if molar equiv-
alent doses are administered.'*® This may account for the fact that the 4-
week healing rate can be increased to 95% or better with most H, receptor
antagonists continued for 6-8 weeks.

4.1.2. Proton Pump Inhibitors

The only clinically available example of this new and exciting group
of compounds is the substituted benzimidazole omeprazole. One study'#
has shown dramatic healing rates in duodenal ulcer patients of 63% and
100% at 2 weeks with 20 mg and 60 mg respectively. At 4 weeks, healing



PHYSIOLOCICAL BASIS FOR ULCER THERAPY 19

rates reach 93% and 100%, respectively. The healing rate with omeprazole
is dose dependent, since Prichard et al.'** have shown healing rates of 50%
and 78% at 2 weeks with 10 mg and 30 mg, increasing to 83% and 94%,
respectively, at 4 weeks. This striking healing rate suggests that clinical
benefit can be gained by stronger and longer-lasting inhibition of acid
secretion.

At the time of writing, phase III clinical studies of this drug have
been suspended because of the development of enterochromaffinlike cell
hyperlasia in the 2-year rat toxicology studies. It has been proposed that
these lesions have developed as a consequence of prolonged anacidity
causing a sustained hypergastrinaemia, rather than as a direct toxicolog-
ical effect. Further studies are awaited.

4.1.3. Antacids

Antacids have been renowned as effective agents in dyspepsia for two
thousand years. Whereas the primary goal in antacid therapy has been to
neutralize gastric acid, aluminium hydroxide gels, for example, are capa-
ble of inactivating pepsin independently of their pH effect. Additionally,
antacids are potent binders of bile acids, and this property is of potential
therapeutic value in gastric ulceration where duodenogastric reflux may
be a contributing factor. A recent study has suggested that an additional
property of antacids may be that of cytoprotection.'* This could explain
why healing rates for antacids, which essentially only buffer daytime acid-
ity, are similar to single nocturnal H, receptor antagonist therapy.

Although antacids are principally used for pain relief, there have
been seven studies of antacids in duodenal ulcer healing. In the original
study by Peterson ez al.,'* antacids with a buffering capacity in excess of
1000 mmol/day healed 78% of ulcers, in 4 weeks, compared with 45% on
placebo. Three other studies, using antacid doses of as little as 175 mmol/
day, have also shown significant healing compared with placebo. Com-
parisons with cimetidine, however, have shown no significant differences.

There is some evidence that smaller doses of antacids can be used if
combined with anticholinergics. In one study'® 100% healing rates were
achieved with antacid and /-hyoscyamine compared with 39% on pla-
cebo, with a significant reduction in anticholinergic side effects normally
encountered with anticholinergics alone.

4.1.4. Anticholinergic Agents

Despite the fact that anticholinergics have been in use for several
decades, only recently has there been a resurgence of interest in their use
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in peptic ulcer healing. Previous dissatisfaction with anticholinergic
agents had arisen because of the unpleasant side effects associated with
atropine. The isolation of gastric-specific muscarinic receptors and the
development of a specific antagonist, pirenzepine, has resulted in a large
number of endoscopically controlled studies; 12 studies have examined
pirenzepine versus placebo, eight versus cimetidine, and five versus both
cimetidine or placebo. According to earlier published results, pirenzepine
probably fails to exhibit healing efficacy in duodenal ulcer when admin-
istered in a daily dose of 75 mg or less. Healing rates after 4-6 weeks of
therapy with a dose of 100 mg or more range from 62 to 90%. Not all of
the placebo-controlled studies reached significance, and in all of the com-
parisons with cimetidine, no significantly different healing rates were
found.

4.1.5. Trimipramine

Trimipramine—a combination of the tricyclic antidepressant imi-
pramine and levomepromazine—slightly inhibits basal and pentagastrin-
stimulated acid and pepsin secretion. The precise mechanism of action
in peptic ulcer disease is unknown since it is neither H,-receptor blocker
nor anticholinergic. An ulcer healing effect through a central antidepres-
sive action has been suggested.'®

The healing efficacy of trimipramine in duodenal ulcer has been
compared in four trials each of placebo and cimetidine. Healing rates
after 4-6 weeks’ therapy were 46-100% with trimipramine compared
with 15-48% for placebo (significant at 4 weeks in all four trials). When
compared with cimetidine, healing rates with trimipramine were inferior.

4.2. Drugs That Enhance Mucosal Resistance

As outlined previously, mucosal resistance is dependent on a num-
ber of factors, including mucosal blood flow, stimulation of mucus and
bicarbonate secretion, and mucosal cell turnover. Agents that may pro-
mote any of these factors, or allow regeneration of mucosa by physical
exclusion of acid, pepsin, and bile salts, may then have a place in the
therapy of peptic ulcer disease. These agents include carbenoxolone, tri-
potassium dicitratobismuthate, sucralfate, and prostaglandins.

4.2.1. Carbenoxolone

Carbenoxolone was first shown to promote ulcer healing 20 years
ago. In both gastric and duodenal ulcer there is an average of a twofold
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improvement in ulcer healing over placebo in 11 studies. Comparison
with cimetidine show a marginal superiority toward the H, antagonist in
the treatment of gastric ulceration.'*"!

Carbenoxolone, although effective in promoting gastric ulcer healing
in particular, has the serious side effect of mineralocorticoid and aldoste-
ronelike actions thus limiting its use in those patients most prone to
develop gastric ulceration—the elderly.

The mode of action in ulcer healing is not well defined. Although it
has weak antipeptic activity, other properties may be of more impor-
tance. Carbenoxolone increases glycoprotein synthesis, which is neces-
sary for mucus formation and also reduces the activity of prostaglandin-
inactivating enzymes in the mucosa.'* Since spironolactone is known to
nullify its healing action, interference with intracellular aldosterone
receptor, or some dependence on maintenance of sodium-potassium
fluxes, may be related to ulcer healing.

4.2.2. Tripotassium Dicitratobismuthate (TDB)

Colloidal bismuth (TDB) is a complex bismuth salt which forms
insoluble complexes at acid pH. TDB selectively chelates with the pro-
teinaceous material of the ulcer base forming a protective coating against
acid, pepsin, and bile. There have been 21 trials of TDB in duodenal ulcer
healing, 12 versus placebo and nine versus cimetidine. All of the placebo-
controlled studies showed a significant healing rate (50-89%) over pla-
cebo. None of the cimetidine comparisons reached a statistically signifi-
cant difference, with no trend in either direction.

An intriguing finding has been the suggestion that the relapse rate of
duodenal ulcers after prior treatment with cimetidine is faster than after
TDB,*>!* although one particular study disagrees.'** Whether ulcer heal-
ing with TDB really protects against relapse requires further study.

4.2.3. Sucralfate

Sucralfate is the basic aluminium salt of sucrose, substituted with
eight sulfate groups. At acid pH, polymerization of sucrose octasulfate
occurs leading to the deposition of a viscous paste which adheres to the
gastric and duodenal mucosa. Sucralfate has a 6-7 times greater affinity
for the ulcer base than for normal mucosa, thus providing a barrier to
injurious agents. Additionally, the negatively charged sulfated macroan-
ions of sucralfate bind to positively charged protein substrates and inhibit
the formation of a pepsin-substrate complex, which suggests a specific
antipeptic action of sucralfate.'*
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Of the 15 trials of sucralfate for duodenal ulcers, 10 have been
against placebo and five versus cimetidine. Sucralfate, in a dose of 4 g/
day, results in a healing rate of 60-100%. Placebo studies show high heal-
ing rates up to 64%. Therefore, 5 of the 10 studies did not show a statis-
tically significant improvement on sucralfate, although a trend in favor
of sucralfate is seen in all studies suggesting a type II error. The five com-
parative studies with cimetidine show no significant difference between
sucralfate and cimetidine, with duodenal ulcer healing in both groups of
the order of 70-80%.

4.2.4. Prostaglandins

Prostaglandin E, (PGE,) and certain methyl analogs of PGE, inhibit
gastric secretion in animals and humans, and they prevent the formation
of experimental gastric and duodenal ulcers. 15 [R]-15-methyl PGE,
(Arboprostil) improves healing in gastric ulcers, and more recently, a
multicenter study of 173 patients has demonstrated that 67% of patients
with duodenal ulcers were healed at 4 weeks compared with 39% receiv-
ing placebo.'” Diarrhea is a common side effect of prostaglandin therapy,
which may be less of a problem with newer analogs.

At the present time it is too early to determine the precise role of
prostaglandins in peptic ulcer therapy, and true cytoprotective effects can
be difficult to evaluate owing to the dose-dependent antisecretory prop-
erty of the PGE, analogs.

5. CONCLUSION

The pathogenesis of peptic ulcer disease is believed to be multifac-
torial. However, a conceptual subdivision of the mechanisms into hyper-
acidity states and/or defective mucosal resistance allows a rational
approach to the treatment of peptic ulceration. Healing rates on the stan-
dard therapies (Fig. 4) continue to improve with more logical timing of
dose administration. However, significant failure and relapse rates still
occur, which represents imperfect disease understanding accompanied by
an inability to tailor therapy to the individual resistant patient. The
advent of new, highly potent antisecretory drugs coupled with research
into synthetic prostaglandins may provide a dual approach to the man-
agement of the patient with peptic ulcer disease and hopefully an
improved understanding of disease etiology.
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Figure 4. Mean (* SEM) healing rates after 4 weeks’ treatment of duodenal ulcers for var-
ious agents.
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Peptic Ulcer Disease
Is There a Need to Be Selective or Superselective?

David Fromm

1. INTRODUCTION

As technical details and acid secretory consequences of the various oper-
ative procedures for peptic ulcer disease became better understood in the
1950s and 1960s, greater emphasis was placed on determining the inci-
dence of dumping and other long-term sequelae of peptic ulcer surgery.
The frequency of various syndromes occurring after gastrectomy and/or
vagotomy ranged from practically none to uniform occurrence. These fig-
ures were used to support employment of one operation over others, but
agreement was far from uniform. However, it remained for the Leeds/
York prospective study, published in 1968, to put the problem in proper
perspective.' As the incidence of sequelae related to removal or destruc-
tion or bypass of the pylorus and .vagotomy became better appreciated,
interest in the 1970s gravitated toward proximal gastric (or highly selec-
tive) vagotomy. This acid-reducing operation could safely permit leaving
the pylorus intact.

The 1970s were also marked by closer scrutiny of the incidence of
recurrent ulcer after operation. Previous reports were confusing because
of inclusion of both proven and “suspected” recurrences in the data. Fur-
thermore, medication-induced ulceration in patients who had undergone
gastric surgery was not readily appreciated or even well understood. With
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the introduction of proximal gastric vagotomy and the ready availability
of a more acceptable and reliable method for upper gastrointestinal
endoscopy, there was increasing enthusiasm for prospective studies.
Studies appeared in increasing numbers, but none had long-term endo-
scopic follow-up. Answers to a number of difficult questions relating to
operative treatment were eagerly awaited, but suddenly the reports of
prospective studies became few indeed. In fact, a large cooperative study
in the United States was disbanded because of the dearth of patients.

Just as enthusiasm for proximal gastric vagotomy was increasing in
the United States, cimetidine became clinically available. Although the
incidence of peptic ulcer surgery had been progressively declining since
1973, this became more noticeable in 1978, the year after the introduc-
tion of a practical H, receptor antagonist.? The decline continued there-
after on its previous straight-line course. Reasons for the continuing
decline in peptic ulcer disease requiring operation are speculative even
though they are undoubtedly related to the decreasing incidence of ulcer.
In the United States, the incidence of peptic ulcer disease as a whole has
decreased from 1968 to 1975. Along with this trend there has been a dec-
line in hospitalization rates for uncomplicated peptic ulcer disease. This
is, at least in part, due to changes in the criteria for hospital admission,
coding practices, and diagnostic procedures. Yet, there has been little or
no change in hospitalization rates for perforated duodenal ulcer and only
a slight decrease in admissions for hemorrhage. Deaths from peptic ulcer,
both as an underlying and as a contributing cause, also have been declin-
ing since 1962. Thus, the impact of newer modes of nonoperative treat-
ment on the necessity for operation is unclear and even difficult to
determine.

Now that the presence of peptic ulcer can be established with preci-
sion, now that the etiology of certain types of ulcers is known, and now
that the side effects of various operations are fairly well appreciated, the
question of the degree of selectivity can be applied to many areas of sur-
gery for peptic ulcer disease. However, this discussion will be confined to
certain preoperative considerations that dictate a highly selective
approach and the results of various operations done electively for peptic
ulcer that should dictate a selective approach.

2. INTRACTABILITY AS AN INDICATION FOR OPERATION

In addition to the H, receptor antagonists, newer classes of medica-
tions for the treatment of peptic ulcer disease have been introduced
recently. Present-day nonantacid medications taken for relatively short
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periods can be very effective, but there are concerns about the unknown
long-term side effects of such medications. Even if it can be shown that
these medications are safe when taken for the prolonged periods neces-
sitated by the natural history of peptic ulcer disease, it appears unlikely
that they will have a significant long-term impact on the indications for
operation.

An important benefit of effective medications more readily taken
than frequent antacids is that failure of compliance as an indication for
operation has become much less common. Peptic ulcer disease appears
to be a lifelong phenomenon, marked by periodic healing and recurrence.
The majority of recurrences respond to repeated courses of medications.
Prolonged liquid antacid use is impractical for many patients, but the
long-term effects of H, receptor antagonists and other more easily taken
medications are unclear.

Frequently, it is helpful to make a distinction between asymptomatic
and symptomatic recurrence, since symptomatic patients are more likely
to opt for operation, especially when these symptoms interfere with their
daily activities. However, asymptomatic ulcers also present a threat, as
illustrated by the patient who perforates or bleeds as the first recognized
manifestation of the disease. Although many such patients will on careful
inquiry have premonitory symptoms, they are often mild enough that
patient and physician pay little attention.

Certain types of ulcers are notorious in terms of failing to heal or of
recurring. Examples include giant duodenal, pyloric channel, and post-
bulbar ulcers. Whereas in the past, patients with these types of ulcers were
advised to have an early .operation, the situation is less clear today
because such ulcers may heal with cimetidine treatment. Although the
data are not yet entirely clear, one of the advantages of readily acceptable
medication such as an H, receptor antagonist may be that it more readily
helps to select out those patients who are prone to frequent, threatening
recurrences despite adequate nonoperative treatment.

Although intractability as an indication for operation is becoming
easier to define as more patients comply with their treatment, there still
is a wide range of disagreement about when nonoperative treatment has
indeed failed, particularly in the absence of obstruction, perforation, or
bleeding.

3. OTHER PREOPERATIVE CONSIDERATIONS

It is helpful to have certain information about the serum gastrin, the
location of the ulcer, perhaps the level of gastric secretion, and, in the
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case of gastric ulcer, whether or not malignancy is present prior to oper-
ation. This facilitates proper planning of surgery and thus minimizes
morbidity.

3.1. Serum Gastrin

With the ready availability of immunoassay for serum gastrin, there
is little reason why this measurement should not be done preoperatively.
Although it may be argued that the incidence of gastrinoma or antral G-
cell hyperfunction (a term preferable to antral G-cell hyperplasia because
not all agree that there is an increased number of G cells) is rare relative
to ordinary peptic ulcer disease, significant morbidity can occur as a
result of incorrect operative treatment. Less than the complete removal
of the antral mucosa (anatomic antrectomy) is insufficient for the treat-
ment of antral G-cell hyperfunction, though the approach to patients with
gastrinoma is controversial; not knowing the diagnosis usually leads to
inaccurate exploration and operation. The majority of patients with gas-
trinoma seen today have ulcer disease that is difficult to distinguish on
the basis of history or location from the garden-variety disease.

Serum gastrin measurements are frequently neglected in patients
who present with an acute complication of peptic ulcer disease such as
obstruction, bleeding, or perforation. While waiting for the result of this
measurement will unnecessarily delay an urgent or emergent operation
until the result of the preoperative gastrin level is known, full treatment
with an H, receptor antagonist can be continued postoperatively. An
abnormally elevated serum gastrin measurement demands further study
using the secretin and perhaps calcium as well as protein stimulation
tests. Gastric analysis is not a substitute for serum gastrin measurement,
as the analysis often is inaccurate, and overlap of secretory values
between gastrinoma and ordinary duodenal ulcer disease is not unusual.

3.2. Location of the Ulcer

It is generally accepted that different operative concepts apply to gas-
tric as opposed to duodenal ulcer. Yet, controversy continues about the
correct approach to the treatment of ulcers in certain specific locations.
A prepyloric ulcer, although anatomically in the stomach, is believed to
be physiologically and clinically more akin to a duodenal ulcer than to an
ordinary gastric ulcer. Data regarding this point are unclear, primarily
because of the overlap of acid secretory values between gastric and duo-
denal ulcers, the location of the prepyloric ulcer with respect to the antral
and parietal cell-bearing mucosa, and the variable definition of what rep-
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resents a prepyloric ulcer.’ The definition of “prepyloric” by site has
ranged from those presenting to the right of the gastric anulus to those
within 2-3 cm of the pylorus. Accepted operative treatment is to deal
with a prepyloric ulcer as a duodenal ulcer, even though the adequacy of
proximal gastric vagotomy for such an ulcer has been questioned by at
least one report.* However, the issues are compounded by the lack of pre-
cise definition, by the lack of acceptable control patients, and by adequate
prospective study.

Those patients with ulcers of both the stomach and duodenum are
believed to generally belong to a hypersecretory group that behaves pri-
marily as duodenal ulcer disease. The majority of such patients are
believed to have an element of pyloric stenosis and large, deep gastric
ulcers. Epidemiological data, however, indirectly suggest that the gastric
ulcer precedes the duodenal ulcer more frequently than does the reverse
situation.’

Until data further clarify whether or not prepyloric ulcers behave like
gastric or duodenal ulcers, it is best to continue to treat these as if they
were duodenal lesions. In the case of combined ulcers, elements of treat-
ment of both (antrectomy for the gastric ulcer and vagotomy for the duo-
denal ulcer) should be incorporated into the operative procedure.

3.3. Gastric Analysis

It is tempting to think that an operative procedure for duodenal ulcer
can be tailored to the individual patient based on preoperative acid secre-
tory studies. The premise of this type of selective surgery is that an oper-
ation associated with a greater, or perhaps more lasting, reduction in acid
secretion (for example, vagotomy with antrectomy) is necessary for those
with high acid secretory rates, whereas a less radical procedure (for exam-
ple, vagotomy without resection) will suffice for those with normal or low
acid secretory rates. Although there are data to support this view, the bulk
of clinical experience does not support the approach. The concept of
selective surgery based on acid levels implies that there is a secretory
threshold necessary for ulceration, but this threshold must vary in order
to accommodate a large amount of data. Furthermore, the selective oper-
ative approach based on acid secretory levels does not encompass certain
features about the pathophysiology of ulcers, such as the extent of
mucosal permeability to acid, the degree of bicarbonate and mucus secre-
tion, and the ability of the mucosa to buffer acid diffusing back from the
lumen to the gastric epithelium. Presumably, these and perhaps other fac-
tors may explain why some patients with acid hypersection do not ulcer-
ate and why others with normal secretory rates do.
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3.4. Malignancy

Even though the incidence of carcinoma of the stomach is decreas-
ing, the possibility of malignancy should not be neglected in a patient
with a gastric ulcer. It is generally agreed that the best method for obtain-
ing tissue diagnosis preoperatively is by simultaneous endoscopic biopsy
and brush ctyology. This combination has a reported diagnostic accuracy
of 97%. Preoperative knowledge of the presnce or absence of malignancy
is of value in planning an operation, especially for ulcers situated in the
proximal body of the stomach. It must be stressed that some infiltrative
cancers can be difficult to diagnose by endoscopic biopsy. Thus, one
should not ignore very suggestive radiographic criteria or the failure of
complete healing of the ulcer after 3 months of acceptable medical
therapy.

4. CHOICE OF OPERATION FOR DUODENAL ULCER

Before undertaking operation and considering the question of a
selective operative approach, it is helpful to know the advantages and
disadvantages of the currently accepted surgical procedures.

4.1. Truncal Vagotomy, Vagotomy with Antrectomy, Subtotal
Gastrectomy

Truncal vagotomy with drainage, truncal vagotomy with antrec-
tomy, and subtotal gastrectomy are the three generally accepted operative
procedures for peptic ulcer disease of the duodenum. For the purposes of
the discussion that follows, it makes no difference whether the drainage
is a pyloroplasty or a gastrojejunostomy, or whether the reconstruction
after resection involves a gastroduodenostomy (Billroth I) or gastrojeju-
nostomy (Billroth II). Unless stated otherwise, the term antrectomy as
used here (in contrast to anatomic antrectomy) refers to what some sur-
geons consider to be a hemigastrectomy, but reference to antrectomy is
frequently made in the literature. This loose definition does not imply all
of the antral mucosa is removed. Subtotal gastrectomy refers to excision
of 70-75% of the distal stomach.

Prospective studies indicate that there are no significant differences
in operative mortality between the three operative procedures."*® This
is in contrast to suggested differences reported by retrospective studies.
In fact, two studies reported no mortality."® The reason for this is that
the prospective studies were not only performed under elective circum-
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stances, but the protocols contained an escape clause which permitted
rejection of a specific operative procedure if it was not technically safe to
perform in a given patient. This selective feature is of prime importance
in minimizing operative mortality and morbidity. In one prospective
study, the operative complications related to the specific procedure were
not significantly different,® but in another the incidence of complications
was significantly lower following vagotomy with drainage.’

Prospective studies'*~® comparing the three standard operative pro-
cedures indicate that although the majority of patients are pleased with
the results of their operations, new symptoms can occur as a consequence
of the surgery (Table 1). Such new symptoms include epigastric fullness,
heartburn, abdominal pain, nausea, regurgitation, bile vomiting, food
vomiting, dumping syndrome, flatulence, diarrhea, and hypoglycemia
(sometimes referred to as late dumping). The incidence of these side

Table 1. Combined Results of Three Prospective Trials of Standard
Ulcer Operations'*~#

Percent Percent Percent
Vand D Vand A STG

Fullness 14-40 29-36 16-37
Heartburn 20 16 8
Abdominal pain 19-30 20-29 19-24
Nausea 13-20 17-24 23-31
Reflux 4 7 4
Regurgitation 3 12 4
Bile emesis 15 14 13
Food emesis 4 10 6
Dumping 9-27 9-33 22-42
Flatulence 18 23 20
Diarrhea 14-26 21-23 7-17
Hypoglycemia 6-12 4-16 1-12
Operative death 0-2 0-3 0-2
Operative complications 6 6-12 8-9
Recurrence 6-10 1-4 2-5
Overall result

Excellent-good 70-83 78-91 77-90

Fair 12-19 7-14 7-17

Poor 5-11 2-8 3-6

4V and D, vagotomy with drainage; V and A, vagotomy with antrectomy; STG, subtotal
gastrectomy.
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effects of operation varies from series to series, in part owing to defini-
tion. A number of claims have been made suggesting that the incidence
of certain symptoms is more or less after one of three standard operative
procedures, but by and large these claims are not substantiated by pro-
spective studies.

The most common long-term symptom of gastric surgery is the sen-
sation of epigastric fullness. This is not usually incapacitating, and its
etiology is speculative. It is probably related to the loss of receptive relax-
ation of the fundus following vagotomy. In the case of subtotal gastrec-
tomy without vagotomy, the reduced size of the gastric pouch may con-
tribute to the sensation of fullness. The incidence of fullness is not
significantly different between the three standard operative procedures.'

The most frequent troublesome sequela of gastric surgery is the
dumping syndrome. The incidence of the dumping symptoms is confus-
ing because of the variability of its definition. For example, in the Min-
nesota study® the incidence of dumping was significantly less after vagot-
omy with drainage than for other procedures. There was a significant
increase in severity of dumping as the amount of stomach excised
increased in the VA study.”® In contrast, the incidence of dumping was
significantly less after vagotomy with antrectomy in the Leeds/York
study in the 5 to 8-year period of follow-up'; this difference was no longer
significant with further follow-up 10-16 years postoperative.’

A major difficulty in determining the true incidence of dumping is
that the diagnosis is usually based on history rather than on the oral
administration of a standard osmotic load. Thus, other postgastrectomy
disorders may be erroneously labeled as part of the dumping syndrome.
A hypertonic glucose load given orally provokes dumping symptoms in
20% of duodenal ulcer patients prior to operation, in 73% of patients with
truncal vagotomy with pyloplasty, in 80% of patients with selective
vagotomy with pyloroplasty, and in 47% of patients with proximal gastric
vagotomy.'? Since these figures are higher than those generally encoun-
tered clinically, it is likely that patients do not ordinarily ingest a similar
hypertonic load to that used for the test meal. It is also possible that in
time the patients consciously or subconsciously adjust their diets to pre-
vent symptoms of dumping.

Many physicians still believe that diarrhea is not a significant prob-
lem following operation. The Minnesota and VA data suggest that the
occurrence of postvagotomy diarrhea has been overemphasized, because
the incidence following vagotomy was not significantly different from
that occurring after subtotal gastrectomy.%’ Others argue that little atten-
tion is usually paid to preservation of the vagal divisions during subtotal
gastrectomy.'' The incidence of diarrhea was significantly less after sub-
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gastrectomy.'' The incidence of diarrhea was significantly less after sub-
total gastrectomy in only one study.' However, prospective data for selec-
tive vagotomy leave little doubt that there is an increased incidence of
diarrhea after truncal vagotomy.'>"* For reasons that are unclear, the dif-
fering incidence of diarrhea following vagotomy with gastric resection
and vagotomy without resection disappeared with longer follow-up in the
Leeds/York study.’

The etiology of postvagotomy diarrhea is poorly understood. How-
ever, it appears that the incidence is much greater in patients who have
undergone or who will undergo cholecystectomy. It has been suggested
that preservation of the hepatic division of the left anterior vagus nerve
minimizes the incidence of diarrhea.'' Diarrhea tends to be ignored post-
operatively because it is usually not a severe problem in the majority of
patients. However, as many as 5-10% of patients with diarrhea find it
troublesome, and in less than 1% the diarrhea is disabling.

Prospective studies indicate that the major difference between vagot-
omy with drainage, vagotomy with antrectomy, and subtotal gastrectomy
relates to the incidence of recurrent ulceration. In four prospective stud-
ies,? the incidence of recurrent ulcer ranged from 7 to 10% after vagotomy
with drainage. This is in contrast to a 1-4% incidence after vagotomy
with antrectomy and a 2-5% incidence after subtotal gastrectomy.’
Although some data suggest otherwise,’ it is generally accepted that the
incidence of recurrent ulcer is least after vagotomy with antrectomy. This
is most likely due to the dual protective nature of the operation: antrec-
tomy compensates for an incomplete vagotomy, and vagotomy compen-
sates for an incomplete antrectomy.'

Although it is clear that residual antral mucosa in the duodenal
stump of a Billroth II reconstruction places the patient at great risk for
the recurrent ulcer, the role of residual antrum in the gastric stump is not
clear. It cannot be assumed that the operation of hemigastrectomy always
removes the antrum, since the proximal extent of the antrum varies from
patient to patient on both the greater and lesser curvature aspects of the
stomach.?”® Conceptually, it appears that if gastric resection is done, an
anatomic antrectomy (which removes all of the antral mucosa) should be
done.? That this is accomplished can be verified by histological exami-
nation of both greater and lesser curves of the proximal aspect as well as
the distal most aspect of the specimen.

The most important observation emerging from the prospective
studies of the three standard operations for duodenal ulcer is that there
is no significant difference between them in terms of long-term sequelae.
However, the incidence of recurrent ulcer is least with vagotomy and
antrectomy but still within an acceptable range following vagotomy with
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one of the three standard operations can be done with minimal imme-
diate postoperative morbidity and mortality. Thus, if one plans a vagot-
omy with antrectomy preoperatively and the duodenum is found to be
markedly scarred or edematous intraoperatively, one need not undertake
a potentially hazardous resection. Furthermore, there are no substantive
data indicating any long-term differences between the various types of
drainage procedures accompanying vagotomy. Thus, if the duodenum is
scarred or edematous, a gastroenterosomy as a drainage procedure can be
done without hesitation.

My preference is to generally avoid subtotal gastrectomy because of
my impression that although the incidence of symptoms is not greater
compared to the other standard procedures, the severity of symptoms is
greater. Subtotal gastrectomy, however, can be a useful procedure in the
presence of severe portal hypertension, a situation where one may want
to avoid dissection around the esophagus. Some surgeons continue to do
truncal vagotomy along with subtotal gastrectomy, but this combination
usually is unnecessary and may place the patient at additional risk for
diarrhea.

4.2. Selective Vagotomy with Drainage

The incidence of diarrhea can be minimized by doing a selective
vagotomy. The only major difference between truncal and selective
vagotomy in two prospective studies was a significantly lower incidence
of diarrhea with the selective technique.'>'* Selective vagotomy has not
caught on as a standard operative procedure for duodenal ulcer disease
because the overall results of the technically more difficult selective
vagotomy are not different from those of the less difficult truncal vagot-
omy. Yet, there is a role for selective vagotomy in patients who are prone
to diarrhea. For example, patients with prior cholecystectomy or patients
who require gastroenterostomy as a result of Crohn’s disease may benefit
from selective as opposed to truncal vagotomy.

4.3. Drainage Procedure

Truncal vagotomy classically involves division of the vagal trunks
proximal to the celiac and hepatic divisions and thus also interrupts vagal
flow to the nerves of Latarjet innervating the parietal cell-bearing and
antral mucosa. Selective vagotomy, on the other hand, involves division
of the nerves of Latarjet at their origins, thereby preserving the hepatic
and celiac divisions. Since both types of vagotomy interrupt the parasym-
pathetic flow to the antrum, there is impairment of the emptying of solids
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from the stomach. However, it appears that only about 20% of patients
will have clinically significant impaired gastric emptying if truncal or
selective vagotomy is done without an accompanying drainage proce-
dure. Although this figure invites the tempting possibility of doing a trun-
cal vagotomy without an accompanying drainage procedure, insufficient
information is available for the group of patients absolutely requiring
drainage. It is doubtful that scarring from the ulcer alone is the sole deter-
minant of the necessity for drainage, because at least 20% of patients can
be shown to have impaired gastric emptying following esophagoproximal
gastrectomy without a drainage procedure.

The drainage procedure is in itself a cause of morbidity, especially
dumping, bilious vomiting, and hypoglycemia. The majority of patients
either do not have the symptoms to a significant degree or are able to cope
with them. Nevertheless, there remains a group of patients with long-
term operative sequela that are difficult to treat, and this has led to enthu-
siasm for proximal gastric vagotomy.

4.4. Proximal Gastric Vagotomy without Drainage

Proximal gastric vagotomy differs from the other types of vagotomy
in that the nerves of Latarjet innervating the antrum remain intact
whereas branches of these nerves innervating the parietal cell mass are
severed. Thus, the celiac and hepatic divisions also remain intact.
Because the antral mill is preserved, it is unnecessary to do a drainage
procedure with proximal gastric vagotomy. It is generally agreed that all
symptoms, with the exception of epigastric fullness, are decreased in inci-
dence following proximal gastric vagotomy. However, prospective stud-
ies indicate that the major difference between proximal gastric vagotomy
and selective vagotomy relates to the dumping syndrome,'¢~* the inci-
dence of which is lower after proximal gastric vagotomy, both by history
and after a standard osmotic load given orally. The incidence of dumping
reported by prospective studies comparing selective to proximal gastric
vagotomy ranges from 28 to 59% for the former and 4 to 17% for the
latter. Even though the pylorus is intact with this procedure, dumping
may occur because of the faster emptying of liquids as a result of the loss
of receptive relaxation of the fundus.

The operative mortality of proximal gastric vagotomy is not signifi-
cantly different from that of other procedures. On a retrospective basis,
however, proximal gastric vagotomy is associated with a lower operative
mortality, 0.3% in over 5500 operations.*' This figure for mortality is less
than that reported by other retrospective series involving gastric resection
or vagotomy with drainage.
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The major question concerning proximal gastric vagotomy is its dur-
ability in terms of recurrent ulceration. Although the mean numerical
incidence of recurrence tends to be higher in the relatively short follow-
up available from most prospective studies, the statistical incidence of
recurrence in most reports is not significantly different from that follow-
ing other forms of vagotomy. However, it is clear that lack of attention
to technical details of the procedure will result in unacceptably high
recurrence rates.> Now that greater emphasis has been placed on the per-
iesophageal dissection of the vagal branches, the incidence of postopera-
tive dysphagia appears to have increased, but this is usually mild and is
rarely permanent.

Proximal gastric vagotomy usually is begun 7 cm proximal to the
pylorus. This landmark generally corresponds to being just proximal to
the so-called “crow’s feet” of the nerves of Latarjet. The results using the
7-cm landmark do not differ from the antral mapping technique, which
is perhaps a more physiological approach. However, a potential problem
with proximal gastric vagotomy is that the extent of antral mucosa may
differ from the external landmark(s) of the antrum. It has been suggested
that as many as 20% of patients may not have complete denervation of
the distal fundic mucosa.?? This consideration has not yet been shown to
be clinically significant, but it may account for some of the recurrences
after a technically well-performed operation. It is of interest that many
surgeons believe that the incidence of incomplete truncal vagotomy also
is about 20%.

5. CHOICE OF OPERATION FOR GASTRIC ULCER

Fewer operative options are available for the treatment of gastric
ulcer. Although there are claims that vagotomy is an effective operative
procedure for gastric ulcer, this is not supported by prospective”?* and
several retrospective studies. Relatively short-term follow-up in prospec-
tive studies report a 10-13% incidence of recurrence following vagotomy
with drainage, and some retrospective studies with longer follow-up
report an incidence of at least 30%.

Since the overwhelming majority of gastric ulcers occur within the
2-cm transitional zone between the antral and parietal cell-bearing
mucosa,’> complete removal of the antral mucosa (anatomical antrec-
tomy) is the treatment of choice. If this is done, recurrence rates of 1% or
less can be expected, simply because the peptic ulcer-bearing area is
removed. It should be appreciated that ulcers occuring in locations prox-
imal to the transitional zone are not peptic in origin.
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The importance of complete removal of all antral mucosa for gastric
ulcer is emphasized by the results of another operative procedure, pylo-
rus-preserving gastrectomy. Since anatomical antrectomy necessitates
removal of the pylorus, pylorus-preserving antrectomy was proposed in
order to minimize long-term postoperative sequelae. The operation
involves removal of all but the distal 1.5-2 cm of antrum and anasto-
mosis of the residual stomach to the cuff of antrum. In addition to
delayed gastric emptying, vomiting, and epigastric pain, there is a 13%
incidence of recurrent gastric ulcer in the retained antral cuff (even in the
absence of obstruction) following relatively short follow-up.

6. IS THERE A NEED TO BE SELECTIVE OR SUPERSELECTIVE?

The need to be selective or superselective cannot be answered in a
dogmatic fashion, as the goals of therapy must be matched to the indi-
vidual patient. Thus, the degree of selectivity should depend on some of
the following considerations:

1. The decision as to when medical therapy has failed should take
into account the effect of symptoms and the treatment itself on
the patient’s daily activities, as well as the short- and long-term
side effects of medical treatment. Time of declaration of failure of
nonoperative treatment (in the absence of obstruction, bleeding,
or perforation) should take into account the magnitude of inter-
ference of symptoms and treatment itself with daily activities of
the patient as well as the short- and long-term side effects of
medicinal treatment.

2. The serum gastrin, location of the ulcer, and question of malig-
nancy will influence the type of operative procedure that is done,
just as will the anatomical circumstances found at operation and
the surgeon’s technical experience.

3. The incidence and potential severity of symptoms resulting from
destruction or bypass or excision of the pylorus must be weighed
against the incidence of recurrent ulcer following proximal gastric
vagotomy. If the incidence of recurrent ulcer remains the same
for proximal gastric vagotomy and the other types of vagotomy,
then there is every reason to do the former operation, provided
the ulcer is duodenal and there is no element of obstruction. On
the other hand, if proximal gastric vagotomy is not done for duo-
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denal ulcer and anatomical circumstances permitting, anatomical
antrectomy with vagotomy will result in a lower incidence of
recurrent ulcer. The incidence of diarrhea can be lessened if selec-
tive rather than truncal vagotomy is done.

Although data are not yet available, it is probable that proximal gas-

tric vagotomy will generally lessen the risk of subsequent operation. All
patients who have had their pylorus altered, bypassed, or excised are at
potential risk for requiring subsequent operation for incapacitating
sequela.
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Disordered Gastrointestinal Motility
Syndromes
Is the Gastrointestinal Tract Inflamed or Irritable?

Walter . Hogan

1. INTRODUCTION

Certain disordered gastrointestinal (GI) motility syndromes are caused
by demonstrable primary alterations in structure. Cases in point are ach-
alasia of esophagus, Hirschsprung disease, and certain types of pseudoin-
testinal obstruction. Although the definitive pathophysiology is not com-
pletely known, a cause for the motor disturbance is apparent. This
discussion will concern motor disorders of the GI tract which, to our cur-
rent state of knowledge, are not associated with recognizable morpholog-
ical alteration. Disordered GI motility disturbances of this genre are often
observed in association with “functional GI disorders.” Are these syn-
dromes closely related? Are they cause and effect? Or are these motility
disorders simply an epiphenomenon—a chance relationship with little
meaningful clinical correlation?

This type of disordered GI motility may be far more relevant clini-
cally but much more difficult to bring into meaningful focus in a discus-
sion of the “scientific basis for therapeutic decision.”

Walter . Hogan e Froedtert Memorial Lutheran Hospital, Milwaukee, Wisconsin 53226.
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2. DEFINITION

Disordered GI motility syndromes that occur in a structurally intact
GI tract, in the absence of a biochemical or infective cause, are often asso-
ciated with a complex of symptoms. Apparently, the symptoms can occur
anywhere along the length of the GI tract. They can be intermittent,
chronic, or recurrent. There is almost always a setting or undercurrent of
stress on the individual—albeit acute or chronic. Motor abnormalities
may sometimes be characteristic or specific and associated with clinical
symptoms. More frequently, motor abnormalities may be inconsistent or
lacking in symptom correlation. How, then, do we approach the relation-
ship of functional GI tract disease to disordered motility syndromes and
expect to make any sensible deductions for enhanced clinical recognition
and effective treatment choices?

3. INCIDENCE

The prevalence of functional GI disorders in the general population
is unknown. Functional disorders comprise approximately half of the
gastrointestinal complaints encountered by physicians.! The symptoms
of at least 20% of the patients who consult a gastroenterologist remain
unexplained.’ Despite the fact that only a small proportion of patients
with functional GI disorders become hospitalized patients, they comprise
a significant number of a hospital’s population and take a good share of
the health dollar. Although difficulties with identifiable terminology and
coding exist, nonetheless, there were 37,000 patients discharged from
U.S. hospitals with a diagnosis of “psychogenic GI disorder” in 1976. At
the same time, 181,000 patients were discharged from a hospital with a
primary or secondary diagnosis of “irritable bowel syndrome.”?

4. FUNCTIONAL DISEASE

The concept of “functional” GI tract disorders is assuming an
increasingly important “organic” meaning as a result of recent research
investigations. Newer knowledge concerning the relationships of the cen-
tral nervous system and the gut has been obtained. Peptide-containing
cells have been identified in both the brain and the GI tract. Increasing
information concerning the innervation, myoelectrical activity, and
humoral and hormonal function of the digestive tract has resulted from
advanced methodology and study techniques by GI investigators.
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Despite this informational explosion about the human GI tract and its
function, research to date has yielded very little new, practical informa-
tion to help improve our diagnosis and treatment of functional GI tract
disorders.

At the outset, therefore, our focus will be directed to the most impor-
tant clinical aspects of functional GI disorders, i.e., pain symptomatol-
ogy, stress, and psychoneurotic factors.

4. CLINICAL APPRAISAL

4.1. Pain

Functional GI disorders may present with a specific complaint, i.e.,
“lump in the throat,” or a multiplicity of symptoms, such as bowel dys-
function, nausea, vomiting, and abdominal pain. However, at least 30%
of patients with GI symptomatology have pain as a predominant com-
plaint.* In an English population sample, one-fifth of the subjects indi-
cated they had experienced abdominal pain more than six times in the
preceding year.’ One study of functional GI patients with abdominal pain
demonstrated four features that were more common to that group than
to a comparable group with organic diseases: loose or frequent stools (or
both) at pain onset, pain relief upon defecation, and abdominal disten-
tion.® Significant discrimination of patient groups was obtained using a
combination of these symptoms; e.g., half of the patients with organic
disease did not have any of these complaints, whereas two-thirds of func-
tional GI patients had three or four of these symptoms. Pain is often the
keystone in the functional GI symptom complex and a major determi-
nant to patient-physician interaction and subsequent clinical decision
making. For example, functional GI disease types appear predicated by
location of pain symptoms, e.g., right epigastric pain is “biliary,” nonca.-
diac chest pain is “esophageal,” and right-lower-quadrant pain is
“chronic appendicitis.” Since the pain symptoms can be so important,
can we say anything more specific about it?

Patients with functional GI tract disorders appear to have an over-
responsiveness or hypersensitivity to GI tract luminal distention. For
example, during progressive distention of the rectosigmoid area, patients
with functional bowel symptoms experienced pain sooner than control
subjects.” Often when the gastrointestinal tract is distended with air dur-
ing endoscopy or at the time of barium enema x ray, pain is experienced.
Routine visceral stimulation appears to be magnified beyond acceptable
boundaries of comfort in these patients.



52 WALTER |. HOGAN

A recent study demonstrated that the distribution of pain in control
subjects caused by colonic balloon distention at several sites was felt pre-
dominantly in the central, lower, and left abdomen. Pain was felt in any
part of the abdomen in 48 patients with painful functional bowel syn-
drome, however, and in distant referral sites such as the back, shoulders,
thigh, and perineum. Furthermore, the original pain was reproduced by
such distention in approximately half of the patients.® Balloon distention
of the esophagus, stomach, biliary tree, and colon has been used to induce
pain. In one such study, unexplained pain was reproduced in two-thirds
of the patient group, including some who possessed two widely separate
trigger zones within the GI tract.” Perhaps this information helps to
explain why some patients with functional GI disease seem to have an
abdominal ‘“‘tenderness” on physical examination or, possibly, why
“chest pain” may not arise exclusively from thoracic organs!

In addition to balloon distention of the GI tract, other provocative
methods have been tried to “reproduce” the patient’s pain. For example,
a host of drugs ranging from intravenous ergonovine to edrophonium
have been used to reproduce distress in patients with suspected noncar-
diac, esophageal chest pain.' Cholecystokinin (CCK) i.v. has caused
spasm and pain of the colon'' and sphincter of Oddi."> The induction of
a specific pain may be helpful in focusing the patients’ attention on the
fact that the “source of the symptoms has been found, even though no
abnormality of structure is demonstrable.”'* A caveat must be raised
about the “reproduction” or “provocation” of pain in a patient with func-
tional GI disease. First this observation may not necessarily be cause-
effect related. We have seen as many ““normal” patients complain of bil-
iary tract pain with initial ERCP contrast injection into the common bile
duct as those patients with suspected biliary dyskinesia. The occurrence
of pain, therefore, does not imply sphincter of Oddi (SO) dysfunction per
se. The prostigmine-morphine test is not discriminatory. It can elicit
pain and enzyme elevations in normal subjects as well as patients with
suspected SO dysfunction.'* Additionally, does right-upper-quadrant
pain after intravenous CCK imply biliary dyskinesia, irritable bowel syn-
drome—or both? In the postcholecystectomy syndrome, the problem has
always been to determine how much of the right-upper-quadrant distress
before and after the operation is due to biliary tract disorder and how
much to the failure to recognize an irritable bowel syndrome in the same
patient. “The interactions of local functional disorders make their rigid
categorization, to some extent, a distortion of nature.”'* It is not uncom-
mon to observe an overlap of functional syndromes in the same patient
with expressive symptomatology oscillating back and forth over periods
of time.
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4.2. Psychological Factors

The role of stress and psychoneurosis in functional GI tract distress
is not completely defined but appears significant. The gut is well known
as a sensitive organ of emotional expression. Spastic contractions,
induced reflexly or by stress, characterize both functional esophageal'
and colonic disorders.'” Startling noises have been demonstrated to trig-
ger esophageal contractions in humans,'® distal nonpropulsive contrac-
tions can be induced by stressful interviews in normal subjects,'® and cold
pressor stress testing significantly alters esophageal contractions in a high
percentage of normals causing a marked increase in peristaltic ampli-
tude.? “There is abundant evidence that many, if not all, of the under-
lying physiological changes in the more common functional disorders are
normal bodily accompaniments of emotional tension.”'* Whether stress
induces increased sensitivity to somatic symptoms or certain individuals
have a personality type characterized by hypersensitivity to stressful
events is uncertain. In either situation, the link between stress and disease
suggests a far clearer relationship to treatment-seeking behavior than to
onset of illness.

The relationship between functional GI symptoms and psychopa-
thology is suggested by the high incidence of somatic complaints in
patients with psychiatric disorders such as depression, anxiety disorders,
and hysteria. A striking prevalence of psychiatric illness has been
reported in patients with irritable bowel syndrome when systematic psy-
chiatric diagnostic criteria were used.”’ In a study of 29 patients with irri-
table bowel syndrome and a control group of 33 patients, only six patients
in the control group (18%) had an identifiable psychiatric disorder as
compared with 21 (72%) of the patients with irritable bowel syndrome.
Among this latter group, depression, hysteria, and anxiety neurosis were
detected. These psychiatric symptoms presented simultaneously or pre-
ceded those of irritable bowel syndrome in the majority of patients. No
definite association could be made between the chronicity or episodic
nature of the psychiatric disorder and the type of GI complaints. Inter-
estingly, the diagnosis of a psychiatric disorder was missed in the major-
ity of these patients by their private medical physicians.

There are inconsistencies, however, in the theory that psychopathol-
ogy plays the major role in functional GI disorders. The association
between psychiatric illness and esophageal motility disorders was evalu-
ated in a group of 50 patients referred for esophageal manometry.'® There
was a markedly high incidence of psychiatric illness in 21 (84%) of the 25
patients with contraction abnormalities in the esophageal body, suggest-
ing a relationship between emotional and GI motility disturbances. How-



54 WALTER J. HOCAN

ever, a study of psychoneurotic patients with no bowel complaints and
irritable bowel patients with pain demonstrated no significant differences
in colonic motor or myoelectrical abnormalities, despite the fact that
both groups had similar psychometric test indices.” Finally, most indi-
viduals who have functional GI complaints apparently do not consult a
physician®; additional motivating factors appear necessary for treatment-
seeking behavior. It remains to be determined whether the role of psy-
choneurosis in functional GI disorders is one of cause, effect, or
coincidence.

5. DISORDERED GI MOTILITY SYNDROME: THE SPECTRUM OF
PRIMARY ESOPHAGEAL MOTOR DISORDERS

Motility disorders have been linked to a number of functional GI
disturbances. Esophageal dysmotility is described frequently in “noncar-
diac chest pain” patients. Gastric dysrhythmia seemingly characterizes a
group of patients with pernicious nausea and vomiting. SO dyskinesia
often is implicated in the symptom complex of postcholecystectomy dis-
tress, and colonic motor abnormality is reported in some patients with
irritable bowel syndrome. Although evidence of the association of motil-
ity disorders with GI functional syndromes continues to accumulate, a
cause-and-effect relationship has yet to be established.

In the past, the variety of primary motor disorders of the esophagus
encountered by the clinician was limited. Achalasia was the most fre-
quently recognized motor disturbance. The condition is associated with
denervation of the smooth muscle segment of the gullet; manometric cri-
teria are quite specific and serve as the “gold standard” for all other pri-
mary esophageal motor disorders (Table 1). Diffuse esophageal spasm
(DES), on the other hand, is a more nebulous, less frequently encountered
esophageal motor disturbance.

Table 1. Achalasia: Manometric Criteria®

Modality Finding Criteria
Primary peristalsis Absent Major
LES relax Impaired Major
LESP Elevated Minor
Pharmacologic test Positive Minor

%The manometric diagnosis of achalasia requires the pres-
ence of two major criteria and at least one minor
criterion.
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DES is considered by many to be part of the spectrum of esophageal
motility dysfunction, which includes achalasia. The evidence for associ-
ated denervation or smooth muscle alteration of the esophagus in DES
patients is skimpy, at best. Although the patient with suspected DES com-
plains of frequent intermittent chest pain and dysphagia for both liquids
and solids, esophageal manometric study is often normal. On other occa-
sions, positive manometric findings suggesting esophageal “spasm” may
be noted in the absence of patient complaints.

The manometric criteria for DES remain variable and confusing.
Unlike the achalasia patient, however, the esophagus in DES syndrome
retains its ability to propagate primary peristaltic waves the majority of
the time. The manometric “criteria” for DES have recently been reported
from two centers. In the first report,” DES patients demonstrate at least
30% of swallow-induced wave contractions that occur simultaneously.
Both the amplitude and duration of these esophageal contractions are
prolonged (i.e., > 100 mm Hg and >7.5 sec mean duration, respectively).
Multiple pressure peaks following swallows are described in the majority
of patients, and “spontaneous’ contractions occur in more than half the
patients with DES. In the second report,* manometric criteria for DES
included the “requirement” that simultaneous wave contractions occur
in >10% of swallowing sequences after a liquid bolus, in the presence of
intermittent primary peristalsis. Repetitive, prolonged, spontaneous,
high-amplitude wave contractions were “associated findings.” The lower
esophageal sphincter may show incomplete relaxation and/or high resting
pressure—or it may behave normally! Figure 1 illustrates the manometric
trace of a patient with symptomatic DES.

The spectrum of primary esophageal motor disorder types has
expanded dramatically in recent years. This is due, in large part, to the
fact that esophageal manometric technology has evolved from a qualita-
tive to a quantitative method for evaluating esophageal pressure dynam-
ics.” A variety of esophageal motor abnormalities may be seen which do
not fulfill the manometric criteria for either achalasia or DES and which
may or may not be associated with clinical symptoms.

The esophagus, like other organ systems, has a limited mode of
expression to reflect a variety of disorders. The esophageal body displays
various combinations of dysrhythmic wave forms, and the lower esoph-
ageal sphincter exhibits a variable range of resting pressures and “com-
pleteness™ of relaxation with swallows. Combinations of these motor
abnormalities are present with all primary swallowing disorders, but few
patterns are sufficiently repetitive or unique to be diagnostic. Categori-
zation of these “motility variants” or “‘combinations” has been discour-
aged,” and the generic term of “nonspecific esophageal motility disorder”
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Figure 1. During manometric pressure recording in a patient with DES, esophageal wave
contractions following deglutition demonstrate extremely elevated amplitudes. Attenuation
of the recording scale to the 700-mm Hg range was necessary to accurately trace the ampli-
tude of wave height in the two distal esophageal recording tips.
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seems most applicable presently. Manometric study of the esophagus in
these conditions remains, for the most part, a descriptive art requiring
close correlation and sensitive interpretation based on the clinical
situation.

The problem of noncardiac chest pain has enlivened the controversy
regarding the relationship of motility disorders to pain syndromes.
According to a recent report, chest pain has now surpassed all other
causes of patient referral for esophageal manometric study in the United
States.”” It is estimated that 45% of chest pain patients without coronary
artery disease have some form of esophageal dysmotility.”® Theoretically,
25,000-75,000 patients per year meet this criterion! This intense interest
in the noncardiac chest pain patient has resulted in reports of a number
of “new” esophageal manometric motor disorders, e.g., the “tender
esophagus,”” the hypertensive lower esophageal sphincter (LES),*® and
the “nutcracker esophagus.”®' Odynophagia is experienced during swal-
lows by patients with a tender esophagus. The hypertensive LES is char-
acterized by a markedly elevated sphincteric resting pressure (=50 mm
Hg) with normal relaxation and normal peristalsis in the esophageal
body.

The nutcracker esophagus is touted to be the most common esopha-
geal motor disturbance responsible for chest pain. The nutcracker esoph-
agus is characterized by high-amplitude, peristaltic contractions (> 180
mm Hg) in the distal esophagus and, frequently, prolonged duration of

Table 2. Noncardiac Chest Pain: Provocative Tests during Esophageal

Manometry®
Authors?® Patients Drug Dose Motor abnormal/pain
Siegel and Tucker 25 Tensilon 10 mg i.v. 40%
Nostrant ez al. 87 Urecholine 50 ug/kg s.c. X 2 77%
Lee et al. 120 Tensilon 10 mg i.v. 34%
Jobin et al. 21 Ergonovine 0.025-0.4 mg i.v. 40%
Ippoliti 36 Tensilon 100 pg/kg i.v. 66%

2Abstracts:

Siegel D, Tucker H: Comparison of provocative tests to identify an esophageal origin of chest pain.
Gastroenterology 1985;86:1251.

Nostrant TT, Huber TP, Sams JS, Goldstein NG: Urecholine enhances diagnostic yield of esophageal
manometry in evaluating patients with chest pain. Gastroenterology 1985;86:1196.

Lee CA, Reynolds JC, Ouyang A, Baker L, Cohen S: Esophageal chest pain: Diagnostic value of high-
dose tensilon provocative testing. Gastroenterology 1985;86:1156.

Jobin G, Bouchard A, Aumais G, Miller DD, Waters DD: Ergonovine-induced esophageal spasm and
angina-like chest pain: Prevalence, diagnosis and response to treatment with nifedipine. Gastroenter-
ology 1985;86:1126.

Ippoliti A: Tensilon stimulation for the manometric diagnosis of diffuse esophageal spasm. Gastroen-
terology 1985,86:1121.
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wave contraction (>6 sec). Similar to this entire spectrum of motility
disorders, the nutcracker esophagus may have intermittent clinical and
motor expression. Patients are often asymptomatic when studied, or they
may have an esophageal motor disorder without associated symptoms.
Because of this problem with diagnosis, provocative tests, using drug
administration or noxious stimuli, have been used to “reproduce” esoph-
ageal manometric abnormalities and chest pain. A proliferation of pro-
vocative tests (Table 2) have been described with positive results ranging

Figure 2. (A) Marked esophageal motor disturbance immediately following tensilon admin-
istration (80 ug/kg i.v.) in a patient with “nutcracker esophagus.” The simultaneous, pro-
longed spasm complexes are noted only in the top four recording tips because of esophageal
shortening and subsequent intragastric placement of the lower four tips. This motor
response was associated with chest pain which reproduced the patient’s symptoms. (B) Two
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from 40 to 80%. If the provocative test brings on the esophageal mano-
metric abnormality and the chest pain closely resembles the pain from
which the patient originally sought relief, the esophagus is felt to be the
cause of the clinical problem.*? A positive esophageal manometric and
symptomatic response to edrophonium chloride (80 ug/kg i.v.) by a non-
cardiac chest pain patient is shown in Fig. 2A and B.

There are problems with “provocative tests,” however. Normal
patients can respond to edrophonium provocative challenge with abnor-
mal esophageal wave contraction amplitude and duration, albeit the
degree of response in patients who do experience pain appears quantita-

minutes after tensilon, the patient still demonstrates high-amplitude, prolonged-duration
wave contractions in the esophageal body after swallows. Note the marked postdeglutition
contractile pressures in the distal esophagus and lower esophageal sphincter zone (second
recording tip from bottom).
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tively greater.*® Finally, to bring this subject into appropriate perspective,
Clouse et al.** studied nine patients with intermittent chest pain thought
clinically to be secondary to esophageal “spasms.” The patients devel-
oped typical pain while being studied during esophageal manometry, but
exhibited no evidence of unusual motor activity at that time. It was con-
cluded that “patients clinically suspected of having esophageal ‘spasms’
as the source of chest pain frequently do not, regardless of the presence
or absence of motility abnormalities.” Additionally, psychological profil-
ing of a group of patients with esophageal motility disorders was very
similar to that of patients with irritable bowel syndrome.* Perhaps the
irritable bowel syndrome is really the irritable gut syndrome, after all!
There is evidence that primary esophageal motility disorders consti-
tute a spectrum of conditions including achalasia, diffuse esophageal
spasm, and the intermediate types just described.*® Abnormal esophageal
motility may be expressed in only a few ways. Peristalsis may be replaced
by nonprogressive wave contractions, which may be normal in amplitude
and duration, may be abnormally high in amplitude and long in dura-
tion—or may be repetitive. LES pressure may be too high or too low;
spincteric relaxation may be absent or incomplete. To demonstrate how
variations on this theme blend into the clinical spectrum of primary
esophageal motor disorders, the manometric features of achalasia, DES,
nutcracker esophagus, and hypertensive LES are compared in Table 3.
A number of pharmacological agents have been used to treat primary
esophageal motor disorders. Short- and longer-acting nitrates’’ have
proven beneficial for some patients, but others do not improve or are

Table 3. Spectrum of Primary Esophageal Motor Disorders’

Achalasia DES Nutc. Hyper LES
Body
Peristalsis 0 + + +
Amplitude 0 1 11 +
Duration 0 1 N/t +
LES
LESP N/t N N 1"
LESR 0/inc N N N
Symptoms
Chest pain + + s +
Dysphagia + + s +

20, none; 1, elevated; inc, incomplete; , present/absent; LESP, lower esophageal sphinc-
ter. Comparison of manometric features characteristic for achalasia, diffuse esophageal
spasm (DES), nutcracker esophagus (Nutc.) and hypertensive lower esophageal sphincter
(LES).
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intolerant of side effects. The calcium channel-blocking drugs® have
shown promise and can be very effective in controlling symptoms in
patients with chest pain of esophageal origin. Their use may be limited
also by disturbing side effects. Hydralazine* has been evaluated in
patients with chest pain and may be effective at the same dosage used for
treating hypertensive patients. For patients with underlying psychiatric
problems, formal psychiatric counselling and the use of psychotrophic
drugs may be of considerable help.

The esophagus, the portal to the gastrointestinal tract, is accessible
to research investigations directed to smooth muscle motor dysfunction
and its correlation to clinical symptomatology. Perhaps the key necessary
to unlock this paradox may reside in the upper recesses of the GI tract.
The search is far from over, however.
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Medlical Dissolution of Gallstones
When Is Cholecystectomy Indlicated?

Roy M. Preshaw

1. INTRODUCTION

Oral agents capable of slow dissolution of cholesterol gallstones are cur-
rently prescribed in Western Europe and the United States and will soon
be widely available in Canada. The initial enthusiasm for this novel ther-
apy has dimmed slightly following publication of the results of controlled
trials, such that at least some authorities have been able to forecast that
“cholecystectomy continues to be the treatment of choice for a great
majority of patients with cholelithiasis”*®; “no more than 10% of gall-
stone patients can be successfully treated (with dissolution therapy)”’;
and “(surgical) treatment, although threatened, is not yet outmoded.”*'
Perhaps it is appropriate on the eve of the introduction of these
agents to Canada to reconsider the place of routine elective cholecystec-
tomy in Canada, where there is evidence that we volunteer our patients
for this operation more than in any other nation. In 1971 in Windsor or
Kapuskasing, Ontario the crude rate of cholecystectomy was 7 times
higher than in Luton, England and 5 times higher than the rate in Rennes,
France, communities of similar size.>* In 1976 the annual rate of chole-
cystectomy in Canada was 1.4 times the rate in the United States and 4
times the rate in England and Wales.* In 1978 in Canada there were 131
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cholecystectomies per 100,000 males and 357/100,000 females, almost
double the rate for appendectomy.®

2. EPIDEMIOLOGY OF GALLSTONES

Examination of the indications for gallstone therapy is incomplete
without consideration of estimates of prevalence of calculi in the general
population. For example, a simple explanation of the high rate of chole-
cystectomy in Canada would be that asymptomatic gallstones are much
commoner north of the 49th parallel. Unfortunately, estimates of gall-
stone prevalence in this country are also incomplete. Seventy-five years
ago in Toronto the number of subjects with gallstones at the time of
autopsy was 4%*; in more recent studies, 16% of males and 33% of
females over the age of 10 years and coming to autopsy in North Bay,
Ontario either had gallstones or had a previous cholecystectomy.'” Cana-
dians do not appear to differ substantially from other races, where current
estimates of gallstone prevalence vary from 3% in Portuguese males to
57% in Swedish females (Table 1).

The diagnosis of gallstones during life depends on screening with oral
cholecystography or ultrasound. Clearly these techniques are dependent
on subject cooperation, and screening has therefore been restricted to spe-
cific groups within larger populations. In Wales, Bainton ef al.* found 6%
of males and 12% of females below the age of 70 to have gallstones. In
Canada, surveys of Nova Scotian women between the ages of 15 and 50
years showed a 17% prevalence of gallstones in Caucasians and 21% in
Micmac Indians.® In the southwestern United States even higher rates of
gallstone disease have been described in Mexican Americans’ and in local
Indian tribes.*

Table 1. Prevalence of Gallstones

Males Females
Method % % Comments

Wales* X-ray 6.2 12.1
Portugal'! Autopsy 33 7.3
Germany' Autopsy 17 34
Germany?’ Autopsy 26 55
Sweden? Autopsy 30 57.
Canada

Toronto3 Autopsy 4

Ontario'’ Autopsy 16 33 Including cholecystectomy

Nova Scotia® X-ray — 21 MicMac 15-50 years

Nova Scotia*® X-ray — 17 Caucasian 15-50 years
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Many of these quoted studies confirm a tendency for gallstone dis-
ease to be more prevalent with increasing age. In groups of elderly per-
sons in selected populations (most notably southwestern American Indi-
ans), the proportion of individuals having gallstones greatly exceeds 50%.
This raises the interesting problem of definition of a disease state and
suggests that, at least for some populations, the presence of gallstones in
the elderly has become the norm.

Current prevalence rates for gallstones suggest that many cause little
or no symptoms. The proportion of symptomatic gallstones in a popu-
lation is even more difficult to define, because of the general nature of the
complaints presently assigned to gallbladder disease. Two studies from
Britain that identified gallstones by screening techniques were unable to
separate subjects with and without calculi on the basis of nonspecific dys-
peptic symptoms (e.g., abdominal pain or discomfort, belching, flatus,
postprandial discomfort). The authors concluded that such complaints
were surprisingly common and could not routinely be ascribed to gall-
stones.*** The definition of minimally symptomatic gallstones becomes
blurred when it is reported that 50% of a sample of over 1 million North
Americans will list periodic gastrointestinal symptoms of this nonspecific
nature.'®

3. INDICATIONS FOR CHOLECYSTECTOMY

Sharply defined indications for biliary surgery have appeared by con-
sensus in the literature, contrasting with the vagueness of other studies
on gallstone prevalence and symptomatology. Acute inflammation asso-
ciated with gallstone disease (cholecystitis, cholangitis, pancreatitis) is
best treated by surgical intervention, with controversy restricted to
whether the operation should be performed immediately or after the
acute process has resolved. Obstructive jaundice secondary to choledo-
cholithiasis in the presence of an intact gallbladder may be relieved by
endoscopic papillotomy, but most opinion favors subsequent cholecys-
tectomy if there are no other clear contraindications to this surgery.

There is also little doubt that subjects experiencing intermittent
attacks of severe upper abdominal or chest wall pain associated with nau-
sea and vomiting (biliary colic), in whom gallstones can be demonstrated
radiologically, are best subjected to elective cholecystectomy.

Perhaps most of current elective cholecystectomies are, however,
performed when gallstones are demonstrated radiologically as part of the
investigation of ill-defined abdominal complaints. In the absence of
strong reasons to avoid anesthesia or surgery, current surgical opinion
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has tended toward defining the presence of gallstones per se as an indi-
cation for cholecystectomy. One notable American authority suggested
that “patients with cholelithiasis who are carefully evaluated and who
have no contraindication to operation should be treated surgically. . ..
such an approach will reduce the sequelae and complications in later life
when the morbidity and mortality are highest.”'? In Canada the state-
ment has been made that “ . . . most surgeons would opt for cholecystec-
tomy in a healthy subject with radiologically demonstrated gallstones and
equivocal or absent symptoms. . . .””

4. EFFICACY AND COMPLICATIONS OF CHOLECYSTECTOMY

Numerous series by individual surgeons or institutions demonstrate
mortality rates for elective cholecystectomy which approach that for gen-
eral anesthesia alone.?**® Although such publications bear witness to the
skill and dedication of individuals, of more interest are estimates of the
overall mortality following this procedure. Table 2 shows the mortality
rates for cholecystectomy recorded in the National Halothane Study in
the United States, which confirms the low risk in subjects below the age
of 50 years. However, the mortality rate from cholecystectomy alone rises
alarmingly in poor-risk patients, especially those above the age of 70.°
Similar high mortality rates in elderly patients undergoing cholecystec-
tomy have been recorded in Canada.”

Extension of the operative procedure appears to increase the mor-
bidity and mortality. In a prominent U.S. institution, addition of com-
mon bile duct exploration to simple cholecystectomy raised the mortality
rate from 0.5 to 3.2%.”

Biliary calculi may still form after cholecystectomy, but there is evi-
dence suggesting that removal of the gallbladder in man may decrease
cholesterol saturation in the bile,*? thus diminishing the chances of form-
ing further cholesterol stones. Cholecystectomy does not diminish intra-
luminal micellar lipid concentrations during digestion,* and there is no
demonstrable change in the ability to absorb lipid."

Table 2. Mortality Rate for Cholecystectomy (Percent)’

Good risk Poor risk
Age Males Females Males Females
<50 0.10 0.05 2.40 1.26
50-69 0.54 0.28 3.26 1.71

>170 2.49 1.32 9.51 5.16
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Thus, long-term effects of cholecystectomy, once the operative pro-
cedure is safely passed, appear to be negligible. Studies suggesting an asso-
ciation between cholecystectomy and cancer, especially of the colon,*
have been interpreted by others as an expression of cholesterol disease,
since the same slight association may be present before chole-
cystectomy.”

5. INDICATIONS FOR AGENTS PROMOTING GALLSTONE
DISSOLUTION

Most gallstones in North America are primarily due to precipitation
of cholesterol in bile contained in the gallbladder. It is not the purpose of
this chapter to consider current theories of the pathogenesis of cholesterol
gallstones. It is sufficient to note that bile which is supersaturated with
cholesterol will interact with abnormalities promoting cholesterol crystal
formation to cause the formation of calculi.'” The supersaturation theory
is supported by evidence that cholesterol gallstones are more common in
obesity, especially with recent weight loss; in subjects on high-fat diets;
in patients with disease of the ileum; in diabetes mellitus; with hyper-
lipidemias; with total parenteral nutrition; with primary biliary cirrhosis;
and during therapy with serveral pharmacological agents, including estro-
gens and clofibrate.'®

Expansion of the bile acid pool to avoid cholesterol saturation is an
elegant theoretical technique for cholesterol gallstone dissolution. By
1972 it was possible to demonstrate that prolonged therapy with oral
chenodeoxycholic acid caused radiological dissolution of cholesterol gall-
stones.® Surprisingly, detailed study of this effect in the ensuing decade
showed that dissolution of gallstones was not due to a simple expansion
of the bile acid pool, but to a reduction in the biliary secretion of choles-
terol relative to total bile acids and phospholipids."**

Controversy over the mechanism of action of chenodeoxycholic acid
has only been exceeded by arguments over its efficacy. In subjects with
radiolucent gallstones (i.e., probably cholesterol stones) and a functioning
gallbladder, complete dissolution occurred in perhaps 25% of subjects
when a substantial number of studies are pooled: the range is from 0 to
53%. The largest and probably best controlled trial has been the National
Cooperative Gallstone Study (NCGS) in the United States: using a rela-
tively low dose of chenodeoxycholic acid, gallstone dissolution was
achieved in a disappointing 14% of subjects.*®

The most important side effect of treatment with chenodeoxycholic
acid has been diarrhea: sufficient oral bile acid may directly damage
colonic mucosa and certainly induces net colonic secretion of fluid.*
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Diarrhea occurred in 41% of subjects receiving 750 mg/day in the NCGS.
The diarrhea may be sufficiently severe to cause some subjects to drop
out of a trial of prolonged therapy, and in others it may be necessary to
reduce the dose of chenodeoxycholic acid and therefore reduce the effi-
ciency of gallstone dissolution.

Of perhaps more concern are elevated levels of serum aminotrans-
ferase which occur in about 50% of subjects, associated with minor
changes on liver biopsy. These biochemical and ultrastructural changes
also appear to be dose-related and tend to regress when therapy is discon-
tinued.”® Chenodeoxycholic acid therapy also reduces serum triglyceride
levels significantly, yet causes about a 10% rise in serum cholesterol,
located in the low-density-lipoprotein fraction.? This raises the possibility
of increased atherogenesis, especially with prolonged therapy.

Selection of patients for oral chenodeoxocholic acid therapy instead
of surgery is therefore difficult. Absolute requirements are radiolucent
stones in a gallbladder which visualizes on oral cholecystography. It is
not known what proportion of the current gallstone population meets this
definition, but estimates range from 10% to over 70%. It should be noted
that about half of pigment gallstones are also radiolucent, and these are
not likely to respond to oral chenodeoxycholic acid.*’ Perhaps up to 30%
of calculi removed at cholecystectomy in the United States are predom-
inantly pigment.*

Features that improve the chances of successful stone dissolution
include a normal body weight (i.e., nonobese) and the presence of small,
rather than large, stones. Absolute contraindications include complica-
tions of gallstone disease which are life threatening, such as acute cholan-
gitis, cholecystitis, or pancreatitis. Chenodeoxycholic acid should not be
used in the presence of certain other gastrointestinal diseases, including
peptic ulcer, cirrhosis, or other significant liver disease, or Crohn’s dis-
ease or ulcerative colitis, because of its effects of gastric mucosal perme-
ability to ions, the propensity to diarrhea, and the observed ultrastruc-
tural changes in hepatic morphology. Its safety in pregnancy has not been
established, and perhaps its efficacy will be reduced in women of child-
bearing age who are on oral contraceptives.

Zak and co-workers™ suggested that chenodeoxycholic acid is the
therapy of choice in subjects with significant pulmonary or cardiac dis-
ease who meet the other qualifications, and perhaps also in severe dia-
betics, who would be expected to have a higher incidence of infection and
other complications after surgery. Of course, dissolution therapy would
be appropriate in subjects who cannot accept anesthesia or elective sur-
gery. These authors favor cholecystectomy in patients in presenting with
episodic, severe biliary colic. The recommended dose of chenodeoxy-
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cholic acid is greater than 10 mg/kg per day and is probably optimal at
12-15 mg/kg per day, given in two divided doses with meals. Higher
doses and the administration of the total daily amount as a single dose
may cause increased problems with diarrhea. It is possible that a slow
build of chenodeoxycholic acid up to a final ideal dose level over several
weeks may increase tolerance to diarrhea.

Experience in the NCGS suggests monitoring of serum aminotrans-
ferase levels at monthly intervals for 3 months and then every 3-6
months, with serum cholesterol measurements performed at 6-month
intervals. Oral cholecystography or ultrasound should be used after 1 year
to evaluate the progress of gallstone dissolution; partial dissolution indi-
cates successful therapy which should be reviewed after another 12
months. No change after 1 year should result in a decision either to
attempt an increase in dose or to discontinue the therapy. It is recom-
mended that chenodeoxycholic acid be continued for a final 3 months
after successful dissolution.

Subjects who will have their stones after therapy for 2 years should
probably give up if there has been no change in gallstone size as assessed
radiologically. There will be, however, a certain number who will exhibit
a definite decrease in stone size at this stage: if therapy is continued for
another year or two, complete dissolution will probably be achieved in
some such subjects. In the NCGS, further therapy for 2 years with 750
mg/day increased the total number with complete dissolution from 14%
to about 20%. The exact number reaching complete dissolution is not
clear because of failure to examine all subjects radiologically.?

Other bile acids that are effective in causing dissolution of choles-
terol gallstones have been studied. Ursodeoxycholic acid has been sub-
jected to considerable investigation, but adequate long-term clinical trials
comparing this agent with chenodeoxycholic acid are not yet available. It
appears at this point that ursodeoxycholic acid is at least as effective as
chenodeoxycholic acid and may have fewer side effects: less diarrhea, less
transaminase changes, and no changes in serum lipids. The optimal dose
of ursodeoxycholic acid is probably between 10 and 15 mg/kg per day.’
It is also likely to become available shortly for prescription use in
Canada.

6. THE CALLSTONES ARE DISSOLVED—WHAT NOW?

After successful cholecystectomy, further formation of biliary calculi
will only occur in the main biliary duct system. After successful dissolu-
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tion therapy, the subject is left with an intact and presumably functioning
gallbladder. In the absence of further intervention, the patient is subject
to the same conditions that generated the gallstones in the first place.
Thus, the recurrence of gallstones is not surprising. Follow-up of subjects
whose gallstones have been successfully dissolved show that a substantial
number develop recurrence in the subsequent years. In a follow-up to the
NCGS, 27% of such subjects had proven recurrence within 3.5 years,*
and similar rates of recurrence have been recorded by other workers. In
Marks’ study, a group randomized to a low maintenance dose of cheno-
deoxycholic acid (375 mg/day) demonstrated similar rates of recurrence.
It is not known whether a higher maintenance dose or added dietary
manipulation such as a low-cholesterol and/or high-fiber diet might be
more effective in the prevention of recurrence. Conversely, it appears
likely that recurrent stones, after initial dissolution, will also respond to
a further course of chenodeoxycholic acid.

7. COMPARISON OF ORAL BILE ACID THERAPY WITH
CHOLECYSTECTOMY

The spectrum of biliary tract disease is wide, and different opinions
on the value or otherwise of the specific therapies are also widely pro-
moted. There appears to be general agreement between proponents of
oral dissolution and surgical authorities that severe acute episodes of bil-
iary tract disease, especially if life threatening, are best treated by surgical
intervention. Surgeons will also not dispute the argument that severe con-
comitant disease in other organ systems, which greatly increases the risk
of cholecystectomy,’ should be an indication for selection of oral bile acid
therapy as an initial treatment.

Probably more than 50% of Canadians with gallstones, however, do
not meet the definitions above. Many if not most will have gallstones
which are asymptomatic or are, at best, associated with mild, nonspecific
symptoms. It is of interest to this author that both surgeons and bile acid
enthusiasts claim priority in their approach to this group of patients with
minimally symptomatic gallstones. Some surgical authorities have even
suggested that even completely asymptomatic gallstones are best
removed while the subject is relatively young and healthy.'? On the other
hand, Zak and co-workers® have suggested that chenodeoxycholic acid is
the treatment of choice for patients with mild or absent biliary symp-
toms. These authors even promote this therapy for trials in subjects with
normal gallbladders but who are at high risk for gallstone formation, such
as American Indians or obese persons.
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In view of this aggressive approach by both surgeons and internists
to the innocent (or nearly innocent) gallstone, it is worth searching for
evidence that such calculi threaten to cause future pain and suffering and
perhaps life-threatening events. The surgical opinion appears based on
studies in which gallstones were identified, either by radiology or at the
time of laparotomy for other reasons, and when the patient was not sub-
jected to cholecystectomy. Four such series (Table 3) are available, and
all are in agreement that between 30 and 50% of such subjects will have
further symptoms, and perhaps 20% will develop significant complica-
tions. ?**46 Unfortunately, there is one problem with these four series:
the subjects all must have had some symptoms that led initially either to
oral cholecystography or, in some, to laparotomy. Therefore, these series
are correctly labeled as dealing with minimally symptomatic gallstones.

Only one study has examined the fate of gallstones discovered in
subjects without even minimal symptoms. For several years at the Uni-
versity of Michigan, faculty members were required to take an initial
medical examination on appointment, which included an oral cholecys-
togram. One hundred and twenty-three subjects, mostly men, were iden-
tified to have gallstones and were followed for up to 24 years.'* As would
be expected, some elected to have cholecystectomy, but of the remainder
who did not have cholecystectomy, only 18% developed significant symp-
toms probably associated with their gallstones: two patients had acute
cholecystitis and one had pancreatitis. None died from biliary tract dis-
ease, and the three men with complications had uneventful cholecystec-
tomies. This important study badly needs replication in populations
other than faculty at the University of Michigan and, of course, in
women. As noted earlier, in 1978 73% of cholecystectomies in Canada
were in women.

This study by Gracie and Ransohoff'* has encouraged the calculation
of the effects of surgical intervention in large populations with asymp-
tomatic gallstones.* Elective cholecystectomy will result in some deaths,
with the chance of dying increasing with age: older subjects unfortunately
appear to have the highest prevalence of gallstones. In Canada, it appears

Table 3. Minimally Symptomatic Gallstones

Follow-up Symptoms Complications
Number (years) % %
Comfort et al.” 112 24 45 Not stated
Lund?® 34 5-20 33 20
Wenckert and Robertson* 781 1-11 51 18

Schoenfeld et al.3® 305 2 45 4




74 ROY M. PRESHAW

probable that the percentage of the population having gallstones is
between 4 and 24%'7*: this calculates to between 1 and 6 million subjects.
Using the smallest death rates for elective cholecystectomy in the
National Halothane Study’ of 0.10% in males and 0.05% in females below
the age of 50 years, elective surgery in this large number of subjects would
result in between 750 and 4500 deaths. It has been effectively argued that
the University of Michigan study indicates that surgical intervention in
asymptomatic subjects cannot be justified, but that one should wait for
the few who will develop symptoms or complications. Perhaps this
approach is also useful in subjects with minimally symptomatic
gallstones.

These calculations also point out that, despite aggressive surgical
pronouncements on the advisability of cholecystectomy in all gallstone
subjects, even the high rate of cholecystectomy in Canada barely dents
the surface of the gallstone population. In 1978 there were 57,333 chole-
cystectomies in Canada*: using the estimate above of a total gallstone
population of between 4 and 24%, this represents surgical cure in that 1
year of only between 1 and 6% of the total numbers at risk.

This process can also be used to calculate costs of aggressive versus
expectant oral dissolution therapy for asymptomatic gallstones. Here the
limiting factor is not operative mortality, but costs of the treatment plus
rather nebulous long-term effects, which may include increased athero-
genesis. Treatment with cheno- or ursodeoxycholic acid is not cheap:
costs in Canada will depend on final marketing decisions for each agent,
but experience elsewhere suggests the daily cost will be between $1.50 and
$2.00 a day for a dose between 10 and 15 mg/kg per day. Most subjects
will require a minimum of 2 year’s therapy, at a cost of between $1100
and $1500 for the drug alone. The worst case scenario—treating every
gallstone subject in Canada with these agents for 2 years and using the
estimate of 24% for the total gallstone population—results in the absurd
estimate of 9 billion dollars for drug costs alone. This amount is exceeded
only by the costs of cholecystectomy in the same population.

8. SUMMARY

The evidence available now suggests that if you are discovered to
have gallstones, further action should depend on assessment of your
symptomatology. If the gallstones are truly asymptomatic, there is good
evidence that you have an 80% change of not having either significant
symptoms or complications in the next 10-20 years, and that if you do
develop problems, they can be safely dealt with at that time. If the gall-
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stones are causing significant problems, such as acute complications or
repeated bouts of pain requiring narcotics for relief, with return visits to
hospital emergency departments, all authorities agree that elective cho-
lecystectomy is justified. If, however, you fall between these two
extremes, as undoubtedly most subjects demonstrated to have gallstones
do, further treatment should be left up to you. If you choose to have no
therapy, the indications are that you have a 30-50% chance of further
symptoms in the next 1-25 years (Table 3) and a less than 20% chance of
significant complications in the same period. You should know that the
mortality rate from these complications and the attendant surgery
increases with increasing age. These facts have led surgical authorities to
suggest intervention when your gallstones have been discovered, and
medical authorities to offer you oral dissolution therapy, particularly as
you grow older.

Despite the side effects of oral bile acids and the patience required to
maintain the therapy, I suspect that many Canadians will elect for this
treatment in the next decade. Given the choice, most people will proba-
bly choose pharmacology over surgery, knowing that eager and willing
surgeons are always available if the therapy is unsuccessful. Perhaps they
also realize that improved agents for oral dissolution are likely to be
developed, and innocuous programs to prevent gallstone recurrence may
be discovered. The only certain forecast is that gallstone disease will con-
tinue to appropriate a substantial portion of the Canadian health dollar.
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Interventional Endoscopy

Sclerotherapy, Sphincterotomy, and Laser
Coagulation

Bryce R. Taylor

1. INTRODUCTION

Upper gastrointestinal endoscopy was originally developed as a diagnos-
tic procedure. Technological advances have gradually led to the use of
sophisticated flexible fiberoptic instruments, which can now be employed
therapeutically as well as diagnostically. Three such modalities are the
subject of this chapter: injection sclerotherapy, endoscopic sphincter-
otomy, and laser photocoagulation.

2. ENDOSCORPIC INJECTION SCLEROTHERAPY

Endoscopic injection sclerotherapy represents the latest example of
a fascinating series of management regimens for bleeding esophageal var-
ices. The problem of bleeding varices, especially in the alcoholic,
accounts for approximately 75% of cases in North America. Bleeding var-
ices remain a difficult and frustrating problem to manage. The patient’s
outcome may well be determined more by the type, extent, and activity
of his liver disease than by the efficacy of one particular method of con-
trol and prevention of hemorrhage. In addition, the alcoholic patients are
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often noncompliant and difficult to follow and may have active alcoholic
hepatitis related to recent ethanol abuse. All these factors make even the
most carefully planned randomized trial extremely difficult to control.
The solution in the last 40 years, therefore, has apparently been one of
enthusiastic support of the current popular regimen. At the moment, after
a patient with bleeding varices is stabilized, usually with blood transfu-
sions, intravenous Pitressin, and/or balloon tamponade, the management
options or combinations of options are legion. To stop and protect
against hemorrhage, the physician or surgeon can reduce portal pressure
or attempt to devascularize the gastroesophageal junction. It is this one
area of portasystemic collateralization that is producing a life-threatening
situation. The reduction in portal pressure can be accomplished medi-
cally with 8 blockers or surgically with either total or selective shunts.
Devascularization can be attempted endoscopically with endoscopic
injection sclerotherapy, angiographically with percutaneous trans-
hepatic obliteration of the coronary vein, and surgically with a variety of
devascularization procedures. The most extensive devascularization pro-
cedure is the “Sugiura” procedure. At present, all these options have their
enthusiastic supporters.

Endoscopic injection sclerotherapy is undoubtedly the most popular
interventional therapy at the moment, and it the purpose of this chapter
to assess what has been learned about the procedure in the last 5 years
and to reach a conclusion as to what its role might be in the next 5. There
has been a veritable explosion of literature regarding the selection of
patients, timing of therapy, sclerosants used, type of injection employed,
and types of endoscope, needle, and anesthetic. There have been a num-
ber of consecutive series reported, and more recently attempts at ran-
domized controlled trials, and these areas will be discussed. While
reviewing the voluminous data, one must keep in mind the sentiment
expressed by Raskin in a recent editorial in Gastrointestinal Endoscopy—
“Endoscopic Sclerotherapy is Becoming Increasingly Popular. Are we not
again running into the time-honoured tradition of relying on data from
uncontrolled studies or comparing uncontrolled studies to each other?”!

2.1. History

In 1936 Crafoord and Frenckner’ performed repeated endoscopic
intravariceal injections of quinine-uretan on alternate days for a month,
starting from the top of the esophagus and ending at the gastroesophageal
junction. The subsequent report that the patient had been free of bleeding
for 3 years evidently became lost in the otolaryngologic literature. Sub-
sequent series reported by Moersch in 1941 and 19473 Patterson and
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Rouse in 1947,° and Macbeth in 1955° were all guardedly enthusiastic,
but did not stimulate wide acceptance, presumably because of the enthu-
siasm for total shunt procedures at that time. In 1973 Johnston and
Rodgers’ reported an impressive series of 117 patients whose acute hem-
orrhage had been controlled in 93% by the use of injection sclerotherapy
through a rigid esophagoscope. They reported a hospital admission mor-
tality of 18%, and because of a high rebleeding rate (the typical repeated
injections now performed were not used), Johnston gradually became
more enthusiastic about circular stapling of the lower esophagus as an
emergent and definitive method of stopping and controlling hemorrhage.
Raschke and Paquet® were the most accomplished sclerotherapists in
Europe, and they reported similar success rates in 640 patients. In addi-
tion to early control, they had impressive long-term survival using a dif-
ferent technique of injection.

Since these reports, endoscopic injection sclerotherapy has been car-
ried out widely, often in an uncontrolled fashion. However, in the last 5
years, there have been significant attempts at randomized trials to widen
our understanding of the procedure and its effects. These seven trials will
be detailed in the section on long-term results.

2.2. Rationale and Pathological Changes

The venous supply of the lower esophagus offers an ideal commu-
nication between the subdiaphragmatic portal system and the supradia-
phragmatic azygous—caval system. The lower esophagus appears to have
extramural, intramural subepithelial, and intramural submucosal plex-
uses.” The latter in portal hypertension becomes grossly distended and
can produce varices in some situations from the gastroesophageal junc-
tion virtually to the cricopharyngeus. However, most patients present
with either varices or at least bleeding from varices relatively close to the
gastroesophageal junction. Theoretically, if only those submucosal vari-
cosities threatening the patient’s life could be eradicated, the other veins
might continue to offer enough portal decompression that recurrent sub-
mucosal varices would not form. In addition, it is presumed that the
effect of sclerosis of these esophageal veins does not depress total hepatic
blood flow as do shunt procedures, so that the feared sequelae of porta-
systemic encephalopathy will be minimized.

Sclerozing solutions are inflammatory, vasoconstrictive, and induce
tissue necrosis and subsequent thrombosis after only 1 sec of contact.'*"
Evans ef al.'* have shown, in a human postmortem study of patients hav-
ing undergone sclerotherapy, that thrombosis and tissue necrosis were
present within 1 day of sclerotherapy, followed by ulceration after 1 week
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and fibrosis at a month. These changes are seen after intravariceal injec-
tion. Depending on the concentration and volume of sclerosant injection,
significant ulceration, perforation, and mediastinitis can occur, in addi-
tion to the intended effects of thrombosis of the vessel.

Wodak"® proposed an entirely different method of controlling and
preventing bleeding: esophageal wall sclerosis or Osophaguswandsklero-
sierung. He used multiple paravariceal injections of dilute sclerosant in
a helical fashion so as to achieve a fibrous column around the varices
rather than early thrombosis and ulceration. This method has been more
recently popularized by Paquet.®"

In an interesting postsclerotherapy study of esophageal function in
patients, Reilly et al.'* demonstrated that although there was no effect on
lower esophageal sphincter pressure, gastroesophageal reflux was even
more prevalent after treatment than before. It occurred in 60% of post-
sclerotherapy patients, and striking disturbances were seen in esophageal
motility. Similar changes were demonstrated by Sauerbruch and co-
workers.'®

2.3. Sclerosants Used

The substances used for endoscopic injection sclerotherapy have
been previously employed for sclerosis of hemorrhoids and peripheral
varicose veins.'” Polidocanol (Aethoxysclerol) is the agent used by Paquet
for his paravariceal injections.'* For the intravariceal injections, ethanol-
amine oleate is the substance most frequently used in England and is also
available in Canada. Various studies testing different concentrations of
ethanol, sodium tetradecyl sulphate (thrombovar in Canada), and
sodium morrhuate have been reported. Jensen'” has found that a solution
of TES (1% tetradecyl, 33% ethanol, and saline) proves to be efficacious
(70% success) with a relatively low incidence of esophageal damage (10%
ulcers).

The fatty-acid-base sclerosants (morrhuate and ethanolamine) seem
to cause more postoperative symptoms such as chest pain and fever, in
comparison with the aqueous agents ethanol and tetradecyl. Blenkin-
sopp'® tested the rate of sclerosis of rat veins, comparing 5% ethanol-
amine to tetradecyl, and found that the latter led to a higher thrombosis
rate. In turn, tetradecyl was more efficacious than morrhuate in Reiner’s
study."”

At present the choice of sclerosant seems to depend on availability
and preference based on personal communications. The use of mor-
rhuate, however, according to Gibbert et al.,” appears to be followed by
more complications than use of other solutions.
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2.4. Method

The methods of sclerotherapy, in addition to the intra- and paravar-
iceal options, are varied. Rigid endoscopy was initially used, generally by
surgeons, and is still favored by some groups especially in the emergent
situation when the endoscope is actually used to effect tamponade. A 50-
cm, rigid Negus esophagoscope has been modified with a slot at the distal
end so that after injection with a rigid needle, the varix can be tampon-
aded by simple rotation of the scope at which time an additional varix
can prolapse into the slot.’ Additional advantages, according to Ter-
blanche et al.,** are the proximal light source, which does not become
obscured in the emergent situation when active bleeding is encountered,
and the long, wide-bore sucker, which is clearly more efficient than the
suction channel of flexible fiberoptic scopes. A modified Macbeth or a
modified Roberts needle is used.” Clear disadvantages of the rigid Negus
scope are the requirement of general anesthesia and the fact that substan-
tially more expertise is required in comparison with flexible scopes. Ini-
tially Terblanche injects 6—-8 ml of ethanolamine oleate. He believes that
sodium tetradecyl is too dangerous when it extravasates.” Subsequent
injections complete the sclerosis just proximal to the gastroesophageal
junction, but other endoscopists continue repeated injections of lesser
amounts of sclerosants more proximally. Reinsertion of the Sengstaken-
Blakemore tube, which is removed just prior to the procedure, is not
recommended.

Fiberoptic endoscopy and sclerosis, using a variety of flexible nee-
dles, has the advantage that it can be performed under local anesthesia
with less expertise than is needed for rigid endoscopy.” Although a win-
dowed sheath has been designed to be used especially in the emergent
situation so that varices can be compressed after injection,” the practical
use of it is somewhat cumbersome. Many have used fiberendoscopy after
the initial hemorrhage has been stopped at least temporarily with a com-
bination of intravenous Pitressin and balloon tamponade. In almost all
cases, the bleeding stops long enough for the veins to be injected without
the use of any rigid or flexible instrument for compression. Other inge-
nious methods to tamponade variceal inflow from the portal system have
been described, varying from specially designed balloon catheters® to
modified rubber condoms.”

If the intravariceal method is used, multiple 2-ml injections will be
made at various levels in the esophagus, using from 15 to 30 ml total as
injections progress proximally. Using the paravariceal technique, Paquet
and Oberhammer' inject strictly paravariceally and subepithelially; 0.5-
1.4 ml of Polidocanol is injected (in Paquet’s case through a rigid eso-
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phagoscope and also a rigid 60-cm fiberscope) to raise a pale weal at the
point of injection. This is repeated 30-50 times in the distal esophagus,
producing a helical arrangement of weals as the esophagoscope is with-
drawn. Paquet® believes that the ruptured varix is mechanically occluded
by the massive edema from the confluent weals. The terminal column of
esophageal fibrosis is achieved by a total of 80-160 injections during two
to four sessions over 5-8 days. Paquet also avoids the use of balloon tam-
ponade after sclerotherapy. If the hemorrhage is quite active, 2-10 para-
variceal injections to the left and right of the bleeding point are used.

The frequency of injections is controversial. It seems that large veins
require more injections, and they tend to bleed” and to rebleed*® more
often. The rebleeding rates, and in fact the mortality rates, are highest at
the beginning of treatment,” and therefore, most physicians have gravi-
tated toward the plan of early frequent therapy followed by reendoscopy
and resclerosis until the varices are obliterated. In general, advocates of
the intravariceal method perform two to three scleroses in the first admis-
sion within approximately 2 weeks, with follow-up injections every 7-14
days until obliteration, and then at 6-month intervals afterward.

A recent randomized trial of different treatment schedules carried
out by the King’s College group suggested that weekly injections, leading
to obliteration at approximately 10 weeks, provided a better overall result
than 3-week injections.’' Patients in the weekly treated group returned
earlier to normal activity and work even though the frequency of rebleed-
ing and the number of courses of injection required for obliteration were
not different. Mucosal ulceration was, in fact, observed more frequently
in the weekly treated group. At present, the King’s College group recom-
mends a maximum of three courses at weekly intervals followed by a
period of 3 weeks of observation before reassessing the need for further
injection.

To date there have been no large studies comparing intravariceal to
paravariceal regimens, but a study of 20 patients by Rose, Crane, and
Smith® suggested that intravenous sclerosant was significantly more
effective in producing thrombosis. However, as the paravariceal method
is extremely painstaking, the actual method of paravariceal injection may
have been different from that of Paquet.

2.5. Complications

When a group of patients is generally extremely ill with acute gas-
trointestinal bleeding and underlying severe liver disease, coagulother-
apy, and other organ system failure, it is important to separate the com-
plications of a specific procedure from the complications and mortality
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of the overall disease process. The morbidity and mortality of a first var-
iceal hemorrhage is high, no matter what treatment is given. Death
directly related to variceal sclerotherapy probably occurs in 1-2%, but the
admission mortality for bleeding esophageal varices when sclerotherapy
is used is 15-25%.7'*? Complication rates have varied tremendously,
with Johnston and Rodgers’ reporting a complication rate of 0.9%, and
Terblanche et al. 49%.%2 All are agreed, however, on the most common
problems seen—fever, tachycardia and chest pain,”**>* pleural effusion,*
and ulceration and sloughing of the esophageal mucosa sometimes lead-
ing to minor recurrent bleeds.”>**** Esophageal perforation,” mediastini-
tis, empyema, and even bronchoesophageal fistula have been reported,
but are fortunately infrequent. As stated, the natural history of esophageal
ulceration is that of fibrosis, and esophageal stricture may be a resultant
late complication. However, this is usually easily treated by dilation.

In the paravariceal group, Paquet® reported a 11.5% complication
rate over half of which were esophageal ulcerations, with 1.5% of patients
developing mediastinitis and 2% developing esophageal stenosis.

2.6. Efficacy of Sclerotherapy: Rebleeding and Long-Term Survival

Especially in earlier nonrandomized series,”'* attention focused on
the incidence of control of active variceal hemorrhage and the incidence
of rebleeding during the treatment schedule, whether that schedule
involved observation or frequent reinjection. There seems no doubt that
early control of active bleeding, although difficult, is achieved in approx-
imately 90% with aggressive use of injection sclerotherapy, whether the
paravariceal or intravariceal method is used. However, one is tempted to
think that relatively few of the so-called “emergent” injections are
actually carried out with varices actively bleeding. In fact, the vast major-
ity, probably 80-90% of patients with bleeding esophageal varices, have
either stopped at the initial endoscopy (the group that Terblanche* feels
should be classified as patients with a more favorable outcome) or can be
controlled at least temporarily with a combination of intravenous Pitres-
sin and balloon tamponade therapy.***

No matter what treatment regimen is used, which scope, which scle-
rosing solution, whether the para- or intravariceal method, patients with
varices who have been treated with injection sclerotherapy do rebleed.
However, the bleeding is often less massive and life-threatening in com-
parison with the first hemorrhage.’* Rebleeding, therefore, may not be as
important a variable to follow in these patients as ultimate quantity and
quality of survival itself.
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To date, there have been seven prospective randomized trials,>
most of which have been reported in the last 3 years. To quote Conn, a
“maximal methodologic diversity” has been demonstrated.”® All seven
have a mean follow-up of approximately 7-25 months, so that definitive
conclusions are somewhat difficult to draw. In general, the incidence of
rebleeding has been frequently decreased as compared to the control
group (Table 1). However, the use of “medical” treatment as the control
group, consisting of early management with supportive measures such as
Pitressin, balloon tamponade, blood transfusion, and simple follow-up,
may be somewhat inappropriate today, with more conventional medical
and surgical options available. Perhaps the best known trial was reported
by Clark e al’” and later McDougall et al.,*® who studied 107 patients
randomized between repeated sclerotherapy and medical treatment, with
a mean follow-up of approximately 24 months. Rebleeding was decreased
from 75% to 43% in the test group, and survival was increased from 58%
to 75% over the 2-year test period. Terblanche’s trial, in fact, showed a
decrease in rebleeding from 73% to 43% in the sclerotherapy group, but
ultimately led to no increased survival.* His conclusion may have been
complicated, however, by the fact that his control group of patients
actually received sclerotherapy as initial treatment before being random-
ized. Yassin and Sherif* randomized 108 patients between sclerotherapy
and conventional treatment at their center which included medical and

Table 1. Randomized Controlled Trials of Sclerotherapy (Scl)

Percent Percent
Follow- rebleeding survival
No. up
Author Year pt. Control group (mo) Scl Control  Scl  Control
Clarketal” 1980 64  Medical 12 33 68 65 46
MacDougall
et al3® 1982 107  Medical 24 43 75 75 58
Terblanche Scl and
et al®0 1982 75 medical 25 43 73 35 35
Larson and
Chapman® 1982 33  Medical 6 0.16/pt mo 0.49¢ 85 70
Korula et NS
al¥ 1983 120  Medical 14 0.29/pt mo 1.1
Paquet*? 1982 65  Medical 24 6 66 94 58
Barsoum et
al® 1982 100 Tamponade 30 26 58 74 58
Celloetal®® 1982 12 Transection 7 33 0 33 0
Yassin and
Sherif* 1983 108 Medical £ OR 17 13 29 91 78

4 Data expressed in number of bleeding episodes per patient per month.
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surgical options. Although the follow-up was short, the rebleeding rate
was decreased in the sclerosis group with a suggestion of improved sur-
vival. However, results from this study can probably not be extrapolated
to the North American experience because of the preponderance of
patients with nonalcoholic liver disease. Barsoum’s trial*®* randomized
100 patients to either sclerotherapy or balloon tamponade groups and
showed a significant reduction in rebleeding rates, but no difference in
survival statistics. The same caution concerning nonalcoholic liver dis-
ease could be exercised with this series of patients. Cello et al.** reported
a smaller series of sclerotherapy versus transection and compared these
results to a historical shunt series, but the results were somewhat difficult
to interpret as none of the transection patients survived. Another series
published in abstract form by Korula ez al.*’ with a medical control group
and a follow-up of approximately 1 year again showed a decreased inci-
dence of rebleeding but no significant difference in survival.

Paquet* studied the use of prophylactic sclerotherapy in patients
with varices that have not bled. Interestingly, this group of 65 patients
had a significantly decreased rate of bleeding and a survival of 94% over
the 2-year follow-up period. This has been the only study looking at treat-
ment in the prophylactic setting, a group of patients that was abandoned
long ago as far as shunting procedures are concerned.

There seems no doubt that sclerotherapy, performed in an early and
then repeated fashion, leads to decreased episodes of rebleeding as com-
pared to control therapy (frequently nontherapy). However, there
remains real doubt as to whether overall survival is improved when com-
pared to reasonable control groups. Results of on-going studies using con-
ventional surgical management of bleeding varices as the control group
will be awaited with interest (L. Rikkers, personal communication).

2.7. Cost/Benefit Ratio

The foregoing review has been an attempt to outline the benefits of
sclerotherapy and the cost to the patient as far as complication and
rebleeding are concerned. At present, the implications of any treatment
as far as cost to the medical care delivery system are becoming increas-
ingly more important. Chung and Lewis,” in a retrospective analysis,
attempted to evaluate the costs of initial hospitalization, readmission,
and total treatment of four different groups (portasystemic shunt, medical
therapy, ligation therapy, and endoscopic injection sclerotherapy).
Although their review was retrospective and the groups of patients
uncontrolled (in fact, the endoscopic sclerotherapy patients were the sick-
est of the four groups), the findings are worthy of discussion. The total
cost of medical treatment per 2-year survivor was approximately $12,300
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for the endoscopic injection sclerotherapy group, $23,400 for the medi-
cally treated group, $44,200 for the portasystemic shunting group, and
$52,700 for the ligation group. The survival at 2 years for these uncon-
trolled groups was, in fact, 67%, 46%, 33%, and 43%, respectively. Read-
mission rate was lowest in the endoscopic sclerotherapy group in Lewis
et al.’s review.” Another review, by O’Donnell et al.,* also showed that
nonsurgical treatment was less expensive.

2.8. Summary of Endoscopic Sclerotherapy

Endoscopic sclerotherapy may be one of the most exciting rebirths
seen in recent medical history. If it does prove, in fact, to be the most
effective treatment for the most numbers of patients with bleeding var-
ices, it will certainly be welcomed by gastroenterologists, who can learn
the method quickly and easily, by surgeons, who may not have to carry
out long, arduous shunting procedures in the middle of the night, and by
administrators, who are becoming increasingly concerned with skyrock-
eting medical costs, especially for patients who are notorious for long,
expensive admissions. However, because of the unbridled enthusiasm for
this procedure, there is a danger that patients will be treated in a haphaz-
ard manner using a large number of methods, so that relatively small
numbers will be available for study in randomized controlled trials.
Every doctor who treats bleeding esophageal varices seems to have a bias
toward his or her particular pet procedure; in the case of endoscopic
injection sclerotherapy, it is not hard to develop a bias for a procedure
that seems relatively simple, safe, efficacious, and cheap. However, more
prospective studies examining the various conflicting results to date will
be necessary to eventually decide selection of patients best suited for scle-
rotherapy and the best overall method.

3. ENDOSCOPIC SPHINCTEROTOMY

A natural extension of visualization of the biliary and pancreatic
ducts by endoscopic retrograde cholangiopancreatography was surgical
intervention into those ducts, i.e., sphincterotomy. Developed in Japan®'
and Germany,” the procedure has been learned throughout the world,
and it is estimated that by the end of its first decade, sphincterotomy will
have been carried out 20,000 times worldwide.”® Over that period, the
indications for sphincterotomy have widened considerably, variations
devised, and contraindications defined.
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Endoscopic sphincterotomy has proven most useful in the nonop-
erative treatment of choledocholithiasis in the elective situation. How-
ever, its scope has not been extended to include choledocholithiasis in
various clinical situations, biliary strictures, acute gallstone pancreatitis,
chronic pancreatitis, and palliative treatment for ampullary carcinoma.
Each of these indications will be described separately.

3.1. Method

Endoscopic sphincterotomy is carried out either on an inpatient or
on an outpatient who is prepared for endoscopic retrograde cholangio-
pancreatography (ERCP), and who will be admitted for observation after
an endoscopic sphincterotomy if necessary. A diagnostic ERCP is carried
out in the standard fashion under Valium sedation and local anesthetic
spray. Usually, some form of duodenal relaxant such as Buscopan or glu-
cagon is used as well. The procedure is performed in an endoscopy/
radiology suite where high-quality radiographs can be obtained quickly.
A wide variety of side-viewing duodenoscopes manufactured by the
Olympus, ACMI, and Fuginon Companies have all been used success-
fully. After a diagnosis (e.g., choledocholithiasis) requiring endoscopic
sphincterotomy is radiologically confirmed, a papillotome is placed into
the common bile duct. The most commonly used papillotome is one that
on tension produces a bowstring effect such as the Erlangen or Seuberth
instruments.> An alternative cutting instrument, which produces a “cat-
erpillar” effect on pressure, was designed by Sohma and Kawai and is
especially useful in cannulation of the ampulla when approached from
below in a patient with a previous Billroth II gastrectomy.

Once the papillotome is confirmed to be in the common bile duct
either by its positon on the fluoroscopy screen or by a confirmatory injec-
tion of Hypaque dye, the sphincterotomy can begin. Approximately 25%
of the bowstring wire outside the cannula should be seen outside the pap-
illa, and the cannulated papillotome should be angled at 11-12 o’clock as
seen on the medial wall of the duodenum by the endoscopist. The choice
of cutting, coagulation, or blended current is up to the endoscopist, but
it seems that a pure cutting current is probably most dangerous as far as
bleeding is concerned because of the very fast division of tissues failing
to coagulate small arteries. On the other hand, simple coagulation for a
long period of time may well create more edema and ultimate risk of pan-
creatic duct obstruction and pancreatitis. It seems that a blended current
is consequently safest. An incision of approximately 15-20 mm is made
into the common duct,*® at which time a rush of bile is usually seen,
unless the duct is decompressed from above with a T tube or transhepatic
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tube. A small amount of bleeding is common, but this stops quickly. Var-
ious modifications of the procedure may begin at this time and will be
discussed under the different indications for sphincterotomy.

Postoperative treatment consists of keeping the patient NPO for a
few hours or overnight and beginning on fluids the following day. Most
patients with an uncomplicated sphincterotomy can return home within
24 hr of the procedure.

Most treatment failures of sphincterotomies are caused by the pres-
ence of a duodenal diverticulum, especially one that actually contains the
papilla in its apex or one that is situated immediately adjacent to the pap-
illa. The Billroth II gastrectomy can present significant obstacles for the
endoscopist, but employing forward-viewing instruments, these are not
insurmountable.

In patients with extremely tight papillae, which do not allow the pap-
illotome (which is considerably more bulky than the regular ERCP can-
nula) to pass into thé common bile duct, a “precut” is sometimes per-
formed.**** However, most endoscopists use this maneuver with great
care, as burning not directed precisely into the bile duct may be putting
the pancreas at much greater risk. It is generally thought that this should
be reserved for patients in whom the alternative, a laparotomy, is unac-
ceptably dangerous. Another alternative to the very tight papilla is trans-
hepatic introduction by the radiologist of a guide wire and balloon to
dilate the papilla at the lower end of the common duct so that the endos-
copist can properly place the papillotome.

3.2. Indications

3.2.1. Choledocholithiasis

Choledocholithiasis is the most common indication for endoscopic
sphincterotomy. If the presence of choledocholithiasis is confirmed on
ERCP, an endoscopic sphincterotomy is carried out as described earlier.
Many endoscopists treat all patients with antibiotics when common duct
stones are confirmed, but other, such as Safrany and Cotton*” and Zim-
mon et al.,*® treat selectively with antibiotics, such as patients who have
had previous cholangitis or are undergoing sphincterotomy with their
gallbladders still in place. The sphincterotomy is performed, and bile is
taken for culture and sensitivity, so that septic complications, if they
occur, can be specifically treated. Stones can either be left to pass spon-
taneously or be extracted from the duct by means of balloon catheters, or
Dormia baskets. Stones less than 1 cm usually pass spontaneously, some-
times producing a sharp, transient pain in the right upper quadrant.*
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However, if the patient has had recent cholangitis, or particularly if it is
difhicult for the patient to return for a follow-up endoscopy because of
geographical problems, the stones should be immediately removed from
the duct by whatever technique is favored by the endoscopist. The bal-
loon catheters are, in fact, expensive and break easily, but they are most
efficacious for multiple small stones floating in the duct.’”” Basketing is
more effective for larger stones, but can be quite frustrating and time
consuming,

Large stones and multiple small stones present the greatest problems
for the endoscopist. Since the conventional endoscopic Dormia basket
can exert pressure of only 0.1 Kp/mm?, it is usually not possible to crush
common bile duct stones, even ones of the typical mushy primary vari-
ety.” In fact, attempts to do this may trap the basket in the common bile
duct and lead to surgical removal of the stone and its accompanying bas-
ket. Demling’s™ group has devised a mechanical lithotripter which exerts
17 times the above pressure via the “capturing arms” and effectively
crushes the stone into pieces small enough to pass through the sphincter-
otomy. If this type of lithotripter is not available for use endoscopically,
the radiologist can pass shorter, stouter instruments through the liver via
percutaneous transhepatic cholangiography to crush the larger stones
after endoscopic sphincterotomy has been performed.** Other means of
stone crushing are the use of ultrasonic drills* and electrohydrolysis.®

An alternative method for the difficult case of larger or multiple
stones is nasobiliary drainage.®' ~® This theoretically has the advantage of
decompressing the common duct, monitoring the passage of stones with
repeated cholangiography without the need for ERCP, and may also be
used for instillation of dissolving substances such as monooctonoin.* ¢
There is no question that results have been encouraging with monooc-
tonoin in dissolving common duct stones, but with prolonged instrumen-
tation and delay of adequate clearance of the duct, it must be recognized
that the patient is at risk for development of potentially severe
cholangitis.**

The success rate of sphincterotomy in choledocholithiasis is approx-
imately 95%, and the rate for clearance of the duct without any further
surgery approximates 90% in most series.

3.2.2. Choledocholithiasis—Special Cases

3.2.2a. Gallbladder in Situ. Increasing experience especially in the
European literature has been reported with endoscopic sphincterotomy
for choledocholithiasis and cholelithiasis with the gallbladder still in
situ.%*~7 This was originally advocated for patients who were elderly and
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otherwise at high risk for surgery. The controversy concerning the need
for operation once the jaundice and/or cholangitis has cleared is still not
settled. There is a growing body of evidence, however, suggesting that a
relatively small number of patients may require cholecystectomy for
acute cholecystitis if endoscopic sphincterotomy has resulted in total
clearance of the common duct. In a large follow-up of 260 patients (mean
age 76) for 1-6 years after endoscopic spincterotomy, only 10% of
patients required cholecystectomy for biliary symptoms.” Enthusiasm
for this approach has increased, and in 1981, 40% of Safrany’s endoscopic
sphincterotomies were carried out for choledocholithiasis with gallblad-
ders in situ.’” Riemann et al.™ state that as a result, the rate of elective
cholecystectomy at his institution has clearly diminished without any
increase of emergency cholecystectomy occurring. Almost all patients
treated are older, and it may be dangerous to suggest that the same
approach be adopted for young and fit patients. At the moment, most in
the younger age group are encouraged to undergo cholecystectomy, as the
long-term results of endoscopic sphincterotomy may not be known for
some years.

3.2.2b. Choledocholithiasis with Recent Cholecystectomy, T Tube in
Place. The conventional treatment for this problem is relatively easily
soluble by a radiologist or a clinician experienced in manipulation of bas-
kets through the T-tube tract, as described by Burhenne,” or variations
of this technique, such as introduction of a choledochoscope percuta-
neously through the T-tube tract. However, if this method fails because
of a small, undilatable tract, a too tortuous or too straight tract, or simple
failure of the radiologist to retrieve a floating or impacted stone, endo-
scopic sphincterotomy may be carried out. With increasing numbers of
patients being sent to referral centers from long distances, it may also be
impractical for a patient to wait the 4-6 weeks necessary for the T-tube
tract to mature. After the endoscopic sphincterotomy, if stones cannot be
removed from below, the radiologist can often be of help by pushing the
stones through the sphincterotomized lower end.*

The use of the Nd:YAG laser introduced through choledochoscopy
to break up large stones has been described,” and its application in the
endoscopic setting after sphincterotomy may prove useful.

3.2.2c. Choledocholithiasis—Impacted Stones. Impacted stones can
usually be dislodged by the endoscopist and retrieved after sphinctero-
tomy. However, endoscopic choledochoduodenostomy or “fistulotomy”
above an obstructed papilla has been described to handle instances in
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which the endoscopist is not able to perform the sphincterotomy through
the papilla."

3.2.2d. Acute Gallstone Pancreatitis. There is renewed surgical
interest in the early aggressive treatment of gallstone pancreatitis with
reported rapid improvement in both the patient and his pancreas after
clearance of common duct stones.”® It seems reasonable to extrapolate
this finding to the endoscopic field, and correspondingly, a number of
series have been reported in which emergent endoscopic sphincterotomy
has been carried out for acute gallstone pancreatitis. Roesch and Deml-
ing,”® Safrany et al,’®” and Van der Spuy® all reported rapid resolution
of the clinical problem with complication rates that were no higher than
after the less emergent types of endoscopic sphincterotomy.

Although the number of patients with acute gallstone pancreatitis
that does not settle down quickly must be small, this approach may be a
significant advance for a selected group.

3.2.3. Biliary Strictures

Endoscopic dilatation of biliary strictures with or without sphincter-
otomy has been described.” Strictures at previous choledochoduoden-
ostomy sites may be dilated endoscopically with a Grundzig balloon, but
these techniques can be expected to give only temporary relief. The addi-
tion of endoprostheses, to be described in Section 3.2.6, may be appro-
priate in selected cases with very high benign strictures or malignant stric-
tures inappropriate for surgery.

3.2.4. Chronic Pancreatitis

The experience using endoscopic sphincterotomy for patients with
chronic pancreatitis is limited to anecdotal reports. Wurbs®' reported use
of an endoscopic sphincterotomy into Wirsung’s duct to free an impacted
biliary stone, and Cremer ez al.** described improvement in a patient with
pancreatic insufficiency in whom they had performed endoscopic sphinc-
terotomy and removal of a pancreatic concretion. The application of the
procedure for this particular indication, however, must be viewed with
caution.

3.2.5. Ampullary Carcinoma

Ampullary carcinoma remains a potentially curable disease, but in
the elderly or infirm, the operation required for removal may be too for-
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midable. It is wise to remember, however, that more reports of local exci-
sion of ampullary tumors are now becoming available.*® If the patient is
a candidate for palliative therapy, however, either endoscopic sphincter-
otomy and/or the insertion of stents across the periampullary tumor may
be appropriate.?*

3.2.6. Drains, Stents, and Daughter Scopes

As discussed previously, nasobiliary drains introduced through the
endoscope are now used in certain cases after endoscopic sphincterotomy
for monitoring and possible treatment of common duct stones. These can
occasionally be used without endoscopic sphincterotomy, as long as the
drain is left in place for decompression until stone dissolution takes
place.

There is renewed enthusiasm for the concept of preoperative biliary
decompression.®*~* More recent literature suggests that the operative
mortality rate is, in fact, decreased in patients who have had effective
decompression and normalization of liver tests. Indwelling stents placed
endoscopically may also be indicated for more long-term relief of
obstruction from a tumor or a bile duct stricture in patients inappropriate
for laparotomy.

Technique of Insertion of Stents or “Conduit.” A modified Seldinger
technique is used®*®' in which a guide wire is passed through an ERCP
cannula into the entrahepatic ducts, whereupon the cannula is removed.
At that point either a drain or a stent can be placed. If a drain is chosen,
a 300-cm pigtail drain with multiple side holes is threaded over the guide
wire and the wire is then removed. The endoscope is removed while the
drain is advanced into the duodenum and then transposed to a nasal
position at the proximal end.

If a stent is used, usually a double pigtail stent is placed over the
guide wire and pushed into position over the guide wire by a biliary cath-
eter or ERCP cannula. This stent likewise has multiple side holes. The
ideal use for the stents is in periampullary tumors, but they have been
used for temporary decompression of common bile duct stones when the
latter have been too large to remove. The major problem with stents and
drains, however, is that they do plug frequently in the sizes that are pres-
ently used. Larger sizes are being developed.

The concept of fine fiberoptic endoscopes being introduced through
the biopsy channel of a “mother” scope is not new. The theoretical
advantages of endoscoping the bile and pancreatic ducts after endoscopic
sphincterotomy have thus far not been borne out in practice.
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3.2.7. Papillary Stenosis

The diagnosis of papillary stenosis accounts for approximately 5% of
endoscopic sphincterotomies carried out.”” This remains an elusive dis-
ease, with even the most enthusiastic endoscopists hesitating to conclude
that a sphincterotomy will cure the patient’s clinical illness. A combina-
tion of abdominal pain, altered biochemical liver tests, and a papilla very
resistant to cannulation presents a vague syndrome at best. Conse-
quently, the previously high incidence of this indication for endoscopic
sphincterotomy is now decreasing.

3.3. Complication Rates

The complication rates for endoscopic sphincterotomy vary between
7 and 10% with a mortality rate of 0.5-2%.°>°* Complications consist of
bleeding at the sphincterotomy site, cholangitis, retroperitoneal perfora-
tion, hyperamylasemia and pancreatitis, and trapped Dormia baskets
requiring surgical exploration. The mortality and morbidity rates are
undoubtedly inversely proportional to experience, as Safrany and Cotton
reported only 17 deaths in their first 2000 cases and operative mortality
of 0.85%.%

Although there has been controversy in the literature from aggressive
surgeons who draw attention to the not insignificant mortality of endo-
scopic sphincterotomy, it seems that the mortality rate of common bile
duct exploration for stones is higher.”*"* When one considers that the
proportion of elderly sick patients is probably higher in the endoscopic
sphincterotomy group, there seems no doubt about the preferred
treatment.

The long-term results of the endoscopic procedure will be awaited
with interest. To this date, restenosis of an endoscopic sphincterotomy
site is rare. Why this should be, when surgical spincterotomy in the past
led to stenosis frequently, is unclear; however, it may be that the exten-
sive coagulation in performing the sphincterotomy may actually produce
a fused mucosa-to-mucosa apposition, which then heals in contrast to the
previous surgical sphincterotomy. Because the long-term effects on
repeated biliary contamination are not known, some endoscopists are
hesitant to perform sphincterotomy on young patients with gallbladders
in situ, who have a safe alternative of cholecystectomy and choledo-
chotomy.””**~"* Seifert et al.'® compiled collective statistics in Germany
and found good long-term, symptomatic relief for patients who had had
endoscopic sphincterotomy. The rate of recurrent stones was approxi-
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mately 6%, which is more encouraging than Riemann’s own long-term
results reporting a 19% recurrence rate.”

Endoscopic sphincterotomy has been a major advance in the treat-
ment of choledocholithiasis, and to a lesser extent other problems of the
biliary tree. It can be performed safely with little cost, and both the early
and long-term results are excellent. Morbidity and mortality are mini-
mized with greater experience.

4. LASERS

The concept of light amplification by the stimulated emission of
radiation (LASER) was first proposed by Einstein.'®" By the late 1960s,
development of lasers had progressed far enough to be applied to the
endoscopy field.'”>'® Numerous contributions in the medical field have
been in ophthalmology, neurosurgery, urology, oral medicine, and gen-
eral surgery. The number of uses within the latter field is growing, as the
CO, laser in particular can be used virtually when a knife is used. Expe-
rience with liver resection, intestinal anastomoses, pelvic surgery, pan-
creatic resection, reduction mammoplasty, various procedures about the
head and neck, and even vascular anastomoses is growing.

The principal contributions of the laser to endoscopic work are in
photocoagulation of alimentary tract bleeding of both the upper and
lower gastrointestinal (GI) tract and in the phototherapy of tumors.

4.1. Effect of Laser on Tissue

Light produced by any laser source is absorbed by tissue with the
conversion of light energy to heat. Heating of the tissue occurs between
37°C and 60°C followed by denaturation of proteins and loss of cell mem-
brane integrity above that temperature. At 100°C, cells explode as their
water boils, and above that temperature vaporization and charring occur.
Whether control of hemorrhage is caused by vessel shrinkage or perivas-
cular edema is debatable. The difference between the three lasers availa-
ble, CO,, argon, and Nd:YAG, is the volume of tissue that can be heated
before vaporization of superficial cells occurs. Generally, photocoagula-
tion necrosis is similar to an electrical burn, and the various wave lengths
available with different laser types determine their mode of action, i.e.,
cutting effect with the CO, laser or predictable thermal damage of a much
lesser degree as is required in hemostasis of bleeding lesions with the
argon and Nd:YAG lasers.
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4.1.1. Argon Laser

The argon laser emits energy in the blue-green range of the visible
spectrum and can be focused through a fine endoscopic quartz fiber with
very little divergence. This laser is effective in producing hemostasis of
bleeding gastric ulcers, but because its light is absorbed by red blood cells,
active bleeding, which cannot be cleared at the time of therapy, is a major
problem. This is solved by instillation of carbon dioxide gas to blow away
the overlying blood, and consequently a mechanism for immediate
removal of the gas to prevent overdistention must be used.

Power used is usually in the range of 5 W and is administered at full
power after an initial low-power argon beam used to focus the energy on
the bleeding site.

4.1.2. Neodymium-Yttrium Aluminum Garnet (Nd:YAG)

Depth of effect of this invisible laser is greater than that of the argon
instrument. Potential effect on tissue is therefore greater and potential
dangers correspondingly increased. Its energy is more widely scattered in
tissue than the argon laser, so that in the presence of hemorrhage, the
Nd:YAG laser is more effective. Usual power levels are between 60 and
90 W with short bursts of 0.3-0.7 sec for hemostasis without severe ulcer-
ation or perforation. For bleeding lesions in the upper GI tract, the
Nd:YAG laser also has the advantage that the short bursts are not
affected by motility of the stomach, whereas the 1- to 3-sec exposure
required for the argon source application may be complicated by a mov-
ing target. Whereas the argon laser is aimed with a low-power output of
its own source, the Nd:YAG laser has to be aimed with an additional
visible spectrum laser. The invisibility of the Nd:YAG laser also may
potentially lead to greater incidence of endoscopist eye injury, as the
operator cannot detect the injury taking place.

Cost of lasers is a serious impediment to their universal use. At pres-
ent, the cost for a Nd:YAG laser in North America is approximately
$100,000, and in addition, the installation of a three-phase electrical sup-
ply, high-flow water-cooling system, importability, and high maintenance
costs are all major disadvantages. Specialized two-channel endoscopes
are most convenient, and the additional cost of $10,000-$15,000 if these
are used must be considered.

4.2. Alimentary Tract Bleeding

There is no question that, properly used, the argon and Nd:YAG
lasers are effective in stopping upper and lower GI bleeding. Their use in
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upper GI bleeding has been for a wide range of lesions including peptic
ulcers, gastric erosions, tumors, and even bleeding esophageal var-
ices.'®~'% The use through the colonoscope, however, has been limited
to the phototherapy of minor bleeding or lesions whose bleeding has
stopped, e.g., cecal angiodysplasia or arteriovenous malformations.'%'!°

It is generally recognized that the mortality rate of upper GI bleeding
has not improved over the last 25-30 years."''~'"® Intuitively, this may
seem surprising despite the enthusiasm for early endoscopy and conse-
quently early diagnosis and selection of patients who are at high risk to
rebleed. Rebleeding is the crucial factor as far as mortality is concerned.''*
When one considers uncontrolled series of laser photocoagulation of
actively bleeding gastric and duodenal sources, one must consider that
80-90% of these lesions will stop bleeding spontaneously without any
treatment. Friihmorgen et al,'® using the argon laser, reported a success
rate of 95% in 100 patients. Brunetaud ez al.'”” and Cotton’s'® group also
reported, in consecutive series, cessation of bleeding in over 80% of cases
using the argon instrument. Kiefhaber has been the main early proponent
of the Nd:YAG laser for cessation of upper GI bleeding and reported suc-
cess in 93% of 600 patients, 40% of whom had bleeding esophageal var-
ices.!!>!'¢ Perforations have occurred in approximately 1% of cases with
the Nd:YAG laser and have not been reported with the argon method.

A number of prospective control trials have been conducted using
ecither the argon or Nd:YAG lasers.'""~'?? Ideally, one would like to have
results of efficacy of stopping hemorrhage, incidence of rebleeding, and
ultimate mortality rate. Few of these studies, however, have all of this
information available. In addition, the test group, i.e., the group of
patients admitted with endoscopically proven upper GI bleeding thought
to be at high risk, varies from “active peptic ulcer bleeding” to “visible
vessel” to “‘stigmata of recent hemorrhage.” In general, as one can see
from Table 2, the rebleeding rates of the nontreated groups are higher in
most cases than those treated with laser phototherapy. However, the sta-
tistics of eventual mortality are not convincing, as most series did not
show statistical improvement.

If significant differences are to be shown for the acute treatment of
bleeding lesions, the appropriate high-risk group must be selected. At
present, the most acceptable is the “SRH group” including visible vessel,
red or blue spots, or recent clot in the base of an ulcer.'?~'% Despite the
use of this group, which is presumably at greater risk for rebleeding, very
large numbers of patients will be required to reach statistical significance.
In addition, the actual methods of usage and expertise of therapy
undoubtedly vary so that the results from one group may not be extrap-
olatable to others.
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4.3. Complications with Laser Photocoagulation of Bleeding Sites

The major complication, especially with the Nd:YAG laser, is gastric
perforation.'?*'? In addition, the technique of coagulating around a visi-
ble vessel is well known in order to avoid actually “drilling” into the ves-
sel and causing greater hemorrhage than one started with.''”'* Delayed
hemorrhage has also been reported.'?®

As stated, the invisibility of the Nd:YAG laser ray can lead to inad-
vertent endoscopist eye trauma.'”? The Nd:YAG laser scatters up to 40%
more of the light energy in a backward direction toward the endoscopist’s
eye and, being in the invisible range, does not stimulate blinking.'"* One
of the more significant complications of laser usage, it must be remem-
bered, is the financial burden inflicted on the institution that buys and
maintains it.

4.4. Tumor Phototherapy

The CO, laser remains popular as a cutting surgical instrument used
by the surgeon, and the argon and the Nd:YAG lasers can be used
through the endoscope for surgery on gastrointestinal and other tumors.'*
The endoscopic lasers are also capable of heating larger volumes of tissue.
At the moment, experience with endoscopic phototherapy of tumors is
limited to palliative “recanalization” and, in a few instances, curative
procedures in patients unsuitable for surgery.

Broncial neoplasms have been recanalized successfully with good
palliative results.'*! In the GI tract, the laser beam is fired at nodules of
tumor protruding into the lumen where it is narrowest with care being
taken to avoid firing perpendicular to the esophageal or gastric wall.'*
Multiple treatments are needed, and in Swain et al’s'>? series of six
patients, good palliation and survival of 5-16 weeks were achieved. The
other alternative to such treatment, i.e., a Celestin or Mousseau~Barbin
tube, has not been compared to the laser option.

In addition to the debulking of esophageal or gastric tumors, the
argon and Nd:YAG laser have been used with colonic polyposis'**"** and
early gastric cancer in patients at high risk for major surgery.'*

Most of the tumor therapy has been external; i.e., the laser beam is
fired at a distance of 5-15 mm from the target. A larger quantity of energy
can be introduced into the tumor if the laser tip is actually inserted into
the tissue. This is termed interstitial therapy. Use of lasers in this way is
in the experimental stage.'*

Selective destruction of malignant tumors can be enhanced by the
use of a hematoporphyrin derivative (HpD) for which neoplastic and
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traumatized tissues have a great affinity. The laser light from whatever
source activates the HpD in the tissue, converting triplet 02 to excited
singlet 02, which is cytotoxic to the cell membrane, specifically those cells
containing the greatest concentration of HpD. Animal studies'**!*” have
confirmed that this theoretical selective photosensitization can in fact be
demonstrated. Series in humans'**'* have suggested encouraging results
in the field of breast surgery, malignant melanomas, and brain surgery,
but have been limited to bronchial carcinomas'*'*' in the endoscopic
field. However, one series reported problems with massive delayed hem-
orrhage after treatment.'¥!

The use of endoscopic laser therapy of tumors continues to find its
place in relatively few centers.

5. CONCLUSION

Interventional endoscopy is a rapidly expanding field. Technological
progress combined with endoscopists’ inventiveness and daring have cre-
ated better instruments with increasing applications in the clinical set-
ting. The judicious use of these aggressive maneuvers should lead to more
efficient care of the patient with little morbidity and mortality as com-
pared to the surgical alternatives.
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Diarrhea and Malabsorption Syndromes

Grant Gall

1. INTRODUCTION

Chronic diarrhea is a common problem in both children and adults.'
Diarrhea is defined as the excess loss of water and electrolytes in the feces,
leading to the increased frequency, fluidity, and volume of bowel move-
ments. This discussion will focus on the mechanism of diarrhea and the
clinical and laboratory approach to the diagnosis. Although the discus-
sion will be primarily aimed at the problem in the pediatric age group,
the overall approach is relevant to the adult patient. A complete discus-
sion of all the causes of chronic diarrhea in children and adults is not
feasible here, but Table 1 lists the extensive differential diagnoses for
chronic diarrhea and malabsorption in infancy and childhood. Many of
these conditions are rare. In many children and adults with chronic diar-
rhea, despite extensive investigation, no specific entity can be identified.

2. NORMAL PHYSIOLOGY

Before the abnormal is discussed, one needs some understanding of
the normal pattern for the intestinal handling of water and electrolytes.
The gut handles an enormous volume of fluid.” In the normal child about
5 liters of fluid enters the upper small intestine each day. Of this volume
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Table 1. Causes of Chronic Diarrhea and Malabsorption in Children

1. Watery diarrhea
Osmotic
Disaccharidase deficiency
Lactase
Sucrase-isomaltase
Glucose-galactose malabsorption
Excessive intake, e.g., sorbitol
Abnormal water and electrolyte
transport
Infective
Viral
Enterotoxigenic bacteria
Giardia lamblia
Allergic gastroenteropathy
Cow’s milk protein
Soy protein
Short gut
Congenital
Postsurgical
Bacterial overgrowth
Motility disorder
Anatomical obstruction
Laxative abuse
Immune deficiency disorders
Congenital chloride-losing
diarrhea
Acrodermatitis enteropathica
Functioning tumors
Pancreatic islet cell tumors
Neural crest tumors
Medullary carcinoma of thyroid
Bile salt malabsorption
Endocrine disease
Adrenal insufficiency
Diabetes mellitus

2. Steatorrhea
Pancreatic insufficiency
Cystic fibrosis
Shwachman’s syndrome
Malnutrition

2. Steatorrhea (continued)

Pancreatic insufficiency (continued)
Chronic pancreatitis
Lipase, colipase deficiency
Inadequate bile salt concentration
Biliary atresia
Cirrhosis
Cholestatic syndromes
Acquired
Familial
Bacterial overgrowth syndromes
Disease or resection of ileum
Inadequate absorptive area
Celiac disease
Short gut syndrome
Cow’s milk protein and soy protein
intolerance
Whipple’s disease
Immune deficiency disorders
Intracellular defect
Abetalipoproteinemia
Impaired lymphatic drainage
Lymphoma
Intestinal lymphangiectasia
Constructive pericarditis

. Bloody Diarrhea

Infection
Campylobacter
Shigella
Salmonelia
Yersinia
Invasive Escherichia coli
Cytomegalovirus colitis
Chronic inflammatory bowel disease
Pseudomembranous colitis
Milk protein intolerance (infants)
Necrotizing enterocolitis
Amebiasis
Hirschsprung’s enterocolitis
Diarrhea associated with anal lesions

only about 1-2 liters is derived from oral intake. The remainder is from
the endogenous secretions of saliva, gastric juices, bile, pancreatic juice,
and small intestinal secretions. To this volume must be added variable
quantities of fat, carbohydrate, and protein derived from the diet and
protein from digestive secretions and sloughed intestinal cells. The
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majority of the total volume is absorbed in the small intestine; only about
500-1000 ml passes the ileocecal valve. Stool volumes range from 75 to
200 g, of which 65-80% is water. Thus, the reabsorption of this luminal
fluid is exceedingly efficient, but even small increases in stool volume
may cause the patient to complain of diarrhea.

Fluid entering the jejunum is essentially isotonic despite the wide
variation in osmolality of ingested food. Meals are modified to some
extent by hypotonic saliva and isotonic gastric secretions, but regardless
of intragastric osmolality, meals leaving the duodenum are rendered iso-
tonic. This is accomplished by varying the rate of gastric emptying and
by altering the movement of water and electrolytes into or out of the
lumen of the intestine. The epithelia of the gastrointestinal tract vary con-
siderably in their ionic permeability. Those that are leaky, for example,
the small intestine, have a very high passive permeability to small ions
and water, low electrical transepithelial potential difference, and are capa-
ble of absorbing large volumes of salt and water as isotonic fluid. Epithe-
lia that are moderately leaky, for example, colonic epithelia, are capable
of generating differences in ionic composition and osmolality but have a
more limited capacity for salt and water absorption. Thus, large volumes
of essentially isotonic fluid are absorbed in the small intestine, whereas
the colon has a large reserve capacity and also the ability to concentrate
the remaining intestinal output.

Transcellular absorption of sodium chloride by the intestine appears
to be accomplished by three cellular processes: electrogenic active sodium
absorption that is accompanied by passive diffusion of chloride; sodium
absorption coupled with the absorption of organic solutes such as glucose,
amino acids, and bile salts; and finally, neutral sodium chloride absorp-
tion. Adequate digestion and absorption of dietary constituents are also
essential for normal intestinal function. Readers are referred to recent
reviews of the enzymatic and physiochemical events required for absorp-
tion of fat, carbohydrate, protein, and other nutrients.’ 3

3. MECHANISMS OF DIARRHEA

Three major defects may contribute to the production of diarrhea:
(1) osmotic retardation of water absorption, (2) abnormal water and elec-
trolyte transport, and (3) disordered transit. In the majority of clinical
conditions that lead to chronic diarrhea, more than one mechanism is
involved.
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3.1. Osmotic Retardation

The presence of unabsorbed dietary components in the bowel con-
stitutes an abnormal osmotic load which leads to retardation of water
absorption. This can result from dietary overloading (e.g., sorbitol- or
fructose-induced diarrhea) or from malabsorption of ingested nutrients,
usually carbohydrates. Malabsorbed carbohydrates undergo fermentation
by colonic bacteria to organic acids. This further increases the osmotic
load, and some of these organic acids may also stimulate the colon to
secrete fluid. The flux of water into the bowel exceeds absorptive capac-
ity, and watery diarrhea results. In osmotic diarrhea, the stools are low in
sodium concentration, and stool osmolality exceeds that predicted from
two times the sum of the sodium and potassium concentrations. This
“osmotic gap” reflects the load of unabsorbed solute causing the diarrhea.

3.2. Abnormal Water and Electrolyte Transport

Derangement of water and electrolyte transport can be induced by
direct mucosal injury or can be secondary to the effect of intraluminal or
circulating factors. The response of the patient depends on the region and
extent of the intestine involved. Since about 90% of fluid and electrolyte
absorption is normally completed by the small intestine, relatively minor
abnormalities here may cause diarrhea.

Intraluminal agents that impair water and electrolyte absorption and
induce secretion include bacterial enterotoxins (cholera and enterotoxi-
genic Escherichia coli), humoral agents, deconjugated bile salts, and
hydroxylated fatty acids. Bacterial deconjugation of bile acids occurs in
bacterial overgrowth of the small bowel and when malabsorbed bile salts
are acted upon by colonic bacteria. Hydroxy fatty acids are produced
from the actions of colonic microflora on unabsorbed dietary fat. Decon-
jugated bile acids and hydroxy fatty acids are potent secretagogues. Func-
tioning tumors such as carcinoids, pancreatic islet cell tumors, neural
crest tumors, and medullary carcinoma of the thyroid secrete humoral
agents that stimulate water and electrolyte secretion. With this type of
diarrhea the sum of the electrolyte concentrations in the stool equals the
osmolality of the stool.

3.3. Disorders of Transit

An adequate length of small bowel is necessary for the normal diges-
tion and absorption of food. Congenital or acquired short gut may result
in inadequate mucosal exposure of intraluminal contents and diminished
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absorption of nutrients. An intact ileocecal valve is important in con-
trolling intestinal transit and preventing bacterial contamination of the
distal small bowel.

Disorders of motility may result in chronic diarrhea and malabsorp-
tion. Normal motility is important to maintain the normal bacterial flora
of the small intestine. Hypomotility allows bacterial overgrowth of the
small intestine with resultant absorptive defects. Hypomotility is seen in
intestinal pseudoobstruction, partial anatomical obstruction, Hirschs-
prung’s disease, scleroderma, and diabetes. Hypermotility can be seen in
intestinal infection, laxative abuse, thyrotoxicosis, and with certain func-
tioning endocrine tumors.

4. DIFFERENTIAL DIAGNOSIS

The spectrum of disease causing chronic diarrhea and malabsorption
ranges from benign problems to life-threatening illness and includes a
long list of possible disorders. One way to classify and thereby narrow
down the differential diagnosis is by considering the characteristics of the
stool: Are the stools fatty or watery, and if watery do they contain blood?

4.1. Watery Diarrhea

Watery diarrhea usually indicates small bowel disease.

4.1.1. Carbohydrate Malabsorption

In children chronic watery diarrhea is frequently related to carbo-
hydrate malabsorption from secondary disaccharidase deficiency. This
injury is most commonly caused by viral enteritis, but other examples
include giardiasis, celiac disease, milk or soy protein intolerance, short
gut syndrome, and bacterial overgrowth syndrome. In addition, young
infants on occasion will develop secondary monosaccharide intolerance
after a severe or repeated bouts of viral enteritis.

Primary lactase deficiency is not uncommon in non-Caucasians and
may manifest in later childhood or adulthood as chronic watery diarrhea.
Other inherited disorders of carbohydrate absorption are rare. Sucrase—
isomaltase deficiency presents in infancy after the introduction of
sucrose-containing foods. Glucose-galactose malabsorption is a life-
threatening disease presenting in the neonatal period. In younger patients
with sugar malabsorption, the ingestion of the offending sugar leads to
explosive watery diarrhea.
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4.1.2. Abnormal Water and Electrolyte Transport

Secretory diarrhea is likely in patients with continuing watery diar-
rhea despite complete bowel rest. The diarrhea is related to decreased
absorption, active secretion, or a combination of both. Numerous toxic,
humoral, chemical, and mucosal factors have been implicated in secre-
tory diarrheas. Bacterial enterotoxins are a common cause (€.g., E. coli
enterotoxin in traveler’s diarrhea), but the disease is usually acute and
self-limited. In patients with severe diarrhea that persists and in whom
stool osmolality is explained by the electrolyte concentrations, consider
laxative abuse® or hormone-producing disorders.

4.2. Steatorrhea

Fat malabsorption results from inadequate pancreatic lipase or col-
ipase, insufficient intraluminal bile salt concentration, insufficient
absorptive surface, cellular defects, or obstructed lymphatic drainage.

4.2.1. Pancreatic Insufficiency

Cystic fibrosis is the most common cause of pancreatic insufficiency
in childhood in developed countries. Many of these patients now survive
to adulthood and require care by internists. Cystic fibrosis is the most
frequent lethal gene in Caucasians. Inheritance is autosomal recessive.
Most patients present in the first year of life with pulmonary disease,
chronic diarrhea, and failure to thrive. However, patients with milder
disease may present at a later age, even occasionally as adults. The dis-
ease affects many systems. The major clinical manifestations are related
to dysfunction of the respiratory and gastrointestinal tracts. Nearly all
aspects of the gastrointestinal system are involved including pancreas,
liver, biliary tract, and both small and large intestine.”*

Although pancreatic disease is a major manifestation, not all patients
have pancreatic insufficiency. Approximately 10% of patients with cystic
fibrosis retain sufficient pancreatic function for normal absorption. The
latter patients with nearly normal pancreatic function are at risk for
recurrent episodes of pancreatitis. Progressive destruction of pancreatic
tissue in patients with cystic fibrosis can involve islets of Langerhans and
can lead to abnormalities of carbohydrate metabolism. About 40% of
patients have abnormal glucose tolerance tests, but diabetes occurs in
only 1%. Intestinal complications of cystic fibrosis include meconium
ileus, rectal prolapse, meconium ileus equivalent, and intussusception.
Meconium ileus equivalent refers to the clinical problem of abdominal
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pain and intestinal obstruction occurring after the neonatal period. In
patients with cystic fibrosis who are more than 12 years of age, the fre-
quency of meconium ileus equivalent is estimated to be about 25%. The
etiology of this condition appears to be related to impaction of food res-
idues in the terminal ileum and right colon.

Pathological liver changes are also frequent in patients with cystic
fibrosis. The highest incidence of clinical symptoms referrable to liver
disease is seen in the adolescent and older age group. As more individuals
with cystic fibrosis are surviving to adulthood, we can expect to see
increased numbers of these patients presenting complications related to
liver dysfunction. The initial lesion of focal biliary cirrhosis is common
and can be seen early in life. In some patients, this lesion progresses to
multilobular biliary cirrhosis. One of the features of liver disease in cystic
fibrosis is the lack of early signs and symptoms. The first indication of
severe liver disease is often a massive bleed from esophageal varices or
the finding of splenomegaly secondary to portal hypertension. Biliary
tract disease is also common in the older patient with cystic fibrosis. Cho-
lesterol gallstones are common, variably estimated to occur in 4-10% of
patients. Roy and co-workers® have demonstrated that bile from cystic
fibrosis patients is lithogenic, presumably owing to fecal bile salt loss and
liver dysfunction.

Other causes of pancreatic insufficiency include Shwachman’s syn-
drome and chronic pancreatitis. Pancreatic exocrine insufficiency in
Shwachman’s syndrome is associated with bone marrow hypoplasia,
short stature, and, less commonly, metaphyseal dysostosis.

4.2.2. Celiac Disease (Gluten Enteropathy)

Celiac disease usually presents in the first 2 years of life after intro-
duction of cereals into the diet, but these patients can present at any age.
Irritability, diarrhea, and failure to thrive are common symptoms.
Abdominal distention, wasting, and growth failure are usually evident on
examination. In general, if a child with chronic diarrhea is thriving, celiac
disease is an unlikely diagnosis.

4.2.3. Other Conditions

Short gut syndrome, whether congenital or acquired, causes steator-
rhea because of inadequate surface area for absorption. Steatorrhea, from
inadequate intraluminal levels of conjugated bile salts, can result from
bacterial contamination of the small bowel, disease of the terminal ileum,
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and severe liver disease. Rare mucosal defects producing steatorrhea
include abetalipoproteinemia and intestinal lymphangiectasia.

4.3. Bloody Diarrhea

Bloody diarrhea usually indicates colonic disease. In infective colitis
and chronic idiopathic inflammatory bowel disease, involving the colon,
pus cells are readily apparent on microscopy of the stool. Diarrhea asso-
ciated with anal lesions may on occasion mimic bloody diarrhea.

4.3.1. Infective

Intestinal infections are usually associated with acute diarrhea, but
occasionally infections by Campylobacter, Salmonella, and Yersinia and
infestation by Giardia lamblia can lead to chronic symptoms. Yersinia
enterocolitica and Campylobacter jejuni require special techniques for
their identification.

Amebic dysentery should be considered in any patient who has trav-
eled to the southern United States or to the tropics or who has been in
contact with individuals who have recently returned from the tropics.
Pseudomembranous colitis and Clostridium difficile infection should be
considered in patients who develop profuse diarrhea following antibiotic
therapy. In the majority of cases, proctosigmoidoscopic examination
reveals colonic musosa covered with adherent yellowish-white plaques
or membranes. The diagnosis is confirmed by isolation of C. difficile from
the stool and identification of the specific toxin.

4.3.2. Chronic Inflammatory Bowel Disease

Idiopathic ulcerative colitis and Crohn’s disease occur in children as
well as adults. In ulcerative colitis, severe bloody diarrhea, abdominal
discomfort, urgency to stool, and tenesmus are the usual presenting
symptoms. Frequent passage of small stools is the hallmark of rectal
inflammation. Patients with Crohn’s disease may have a similar presen-
tation, but more commonly complaints of abdominal pain, anorexia, and
systemic manifestations, including malnutrition, growth failure, and
delayed puberty, dominate the clinical picture. Chronic inflammatory
bowel disease should be suspected in patients with chronic symptoms
with negative stool cultures.



DIARRHEA AND MALABSORPTION SYNDROMES 117

4.3.3. Protein Intolerance

Chronic diarrhea can be a manifestation of cow and soy protein
intolerance. In the very young infant, protein intolerance often presents
as colitis. The presence of blood and eosinophils in the diarrheal stool
suggests the diagnosis. The improvement of symptoms following with-
drawal of the offending protein and exacerbation with rechallenge is
diagnostic.

5. APPROACH TO THE DIAGNOSIS

The challenge to the physician is to separate the patient in whom
chronic diarrhea is a manifestation of underlying intestinal disease from
the well individual who has chronic loose stools. The diagnosis can be
established in the majority of patients with a thorough clinical assessment
and stool examination.

5.1. Clinical Assessment

The initial assessment will reveal whether the patient is ill. If so,
immediate attention and investigation may be warranted. If not, a “wait
and see” approach may be far more rewarding than an immediate and
costly investigation.

Assessment of appetite, well-being, and, in the child, growth is
important. Patients with pancreatic insufficiency may have voracious
appetites. The converse is usually true of patients with celiac disease, who
often display anorexia and irritability. If the patient is not thriving, a
thorough dietary history should be taken. Patients with chronic diarrhea
often have frequent manipulations of their diet with accompanying
severe caloric restriction in an attempt by frustrated parents, patients,
and physicians to control stool output. Such manipulations are usually
without success. A chronological record of dietary milestones may sug-
gest a diagnosis: Celiac disease frequently presents within 3-6 months of
the introduction of cereals.

The consistency, frequency, and type of stool may indicate the pres-
ence of underlying disease and may localize pathology to a specific part
of the intestinal tract. The presence of blood and mucus usually indicates
a colonic problem: Steatorrhea and water diarrhea suggest a problem in
the small intestine.

Assessment of general health is important as many gastrointestinal
disorders display extraintestinal manifestations. Frequent sinopulmon-
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ary infections suggest cystic fibrosis, disorders of immune deficiency, or
neutropenia (Shwachman’s syndrome). Fever, anemia, arthritis, and skin
rashes occur in chronic inflammatory bowel disease and bacterial enter-
itis. Delay in pubertal development can occur with many chronic diseases
but should alert one to the possibility of Crohn’s disease.

The physical examination includes assessment of growth percentiles
in children, nutritional status, and pubertal development. Plotting of
height, weight, and head cricumference is mandatory for the assessment
of any child with chronic diarrhea. A patient who is growing normally is
unlikely to be suffering from significant gastrointestinal disease. The plot-
ting of longitudinal percentiles can give important information about
timing and severity of disease and may even suggest a diagnosis. Other
indicators of malabsorption and abnormal nutritional status include loss
of subcutaneous fat and muscle bulk, peripheral edema (hypoproteine-
mia), and bruising (vitamin K deficiency). Recurrent aphthous ulcers are
seen frequently with chronic intestinal disease such as Crohn’s disease.
Finger clubbing suggests chronic disease and is frequently seen in cystic
fibrosis, celiac disease, and Crohn’s disease. On rectal examination one
must specifically look for evidence of perianal disease, fissures, and fecal
impaction. This procedure also affords an opportunity to assess the sever-
ity of the diarrhea and to inspect and examine a stool specimen.

5.2. Stool Examination

The importance of stool examination is frequently overlooked, but
it should be considered a routine part of the examination in a patient with
chronic diarrhea. The presence of numerous red and white cells on
microscopy is seen in chronic infections and chronic inflammatory bowel
disease but rarely in diarrhea originating in the small bowel. Cysts or tro-
phozoites of G. lamblia on occasion may be found, but diagnosis, at best,
can be made in only 50% of cases by stool examination. Undigested fat
is seen as globules of neutral fat that stain orange with oil red 0 or sudan
red. Outside the newborn period the presence of neutral fat is always
abnormal and indicates pancreatic insufficiency. In a child this suggests
the diagnosis of cystic fibrosis or, less likely, Shwachman’s syndrome.
Care must be taken since lubricants and ointments are indistinguishable
from fat on microscopy. The presence of meat fibers also indicates pan-
creatic insufficiency. Excess fatty acids, which are apparent at high power
as refractile crystals, suggest a mucosal problem such as celiac disease.

The presence of sugar in the stool can be detected by the use of Clin-
itest tablets. A small amount of liquid stool is diluted with twice the vol-
ume of water, and 15 drops of this solution together with the Clinitest
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tablet are placed in a separate tube. The resultant color change is com-
pared with the chart provided. The test needs to be performed immedi-
ately upon obtaining the stool sample in order to prevent further fermen-
tation of sugars by colonic bacteria. Sucrose is not a reducing substance;
if its presence is suspected, it may be necessary to first hydrolyze the sugar
with acid before testing. Greater than 250 mg/dl of reducing substances
indicates carbohydrate malabsorption. The exception is the breast-fed
infant whose stools frequently contain excess lactose in the absence of
underlying disease.

5.3. Laboratory Investigations®

Clinical assessment and stool examination will, in the majority of
patients, indicate whether the person is i1l and, if so, will often point to a
likely diagnosis. Initial assessment may lead to routine blood tests for
anemia and inflammation, stool cultures, examination of stools for par-
asites, and measurement of sweat electrolytes if cystic fibrosis is a possi-
bility. Serum electrolytes and urea, though frequently performed, are
rarely of diagnostic help. Total serum protein and albumin levels provide
a rough index of nutritional status and intestinal protein loss. At this
point, enough information is usually available to the physician to justify
a wait-and-see approach or, if the presence of underlying disease is sus-
pected, to guide the subsequent line of investigation.

5.3.1. Assessment of Watery Diarrhea

The first step in the assessment of water diarrhea is repeated testing
of the stool for reducing substances by Clinitest tablets, as previously
described. In patients with persisting watery stools, which do not appear
to contain excess carbohydrate and are culture negative, the estimation
of daily stool output and fecal electrolyte content and osmolality is indi-
cated. In patients with secretory diarrhea, normal stool electrolyte con-
centrations are altered, with a marked increase in the sodium and potas-
sium content. The stool osmolality can be accounted for by the ionic
constituents; twice the sum of the stool concentrations of sodium and
potassium will approximate the stool osmolality. This is distinct from an
osmotic diarrhea. In an osmotic diarrhea, the ionic constituents do not
account for the stool osmolality; instead an osmotic gap is apparent,
reflecting the load of unabsorbed solute causing the diarrhea. If the
patient does have an osmotic diarrhea, breath hydrogen analysis follow-
ing oral challenge with the suspected sugar such as lactose or sucrose may
be a useful test despite the absence of obvious carbohydrate malabsorp-
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tion.'® Breath hydrogen testing is also useful in patients with suspected
bacterial overgrowth syndrome or abnormality of intestinal transit. The
breath hydrogen analysis is based on the principle that one of the end
products of colonic fermentation of malabsorbed carbohydrate is hydro-
gen. Hydrogen gas is normally present in very low concentrations in
expired alveolar air. The hydrogen produced by fermentation of carbo-
hydrate in the colon is absorbed into the blood stream and eliminated
through the lungs. In about 2% of otherwise normal individuals, hydro-
gen-producing colonic bacteria are absent, and this test may give a false
negative result. This is especially true of newborn infants and in children
for a variable period of time following a bout of acute gastroenteritis.

In the breath hydrogen test, the patient is given the substrate (lactose,
sucrose, starch, or lactulose) at a dose of 2 g/kg, to a maximum of 50 g
orally after at least an 8-hr fast. Expired tidal air is collected before and
then at 30-min intervals through a nasal prong attached to a syringe. Sam-
ples are usually collected for 3-4 hr, but if starch absorption is being
assessed, samples need to be collected for a longer period, up to 8 hr. The
ability of the patient to ferment malabsorbed carbohydrate can be con-
firmed by repeating the test, if necessary, with lactulose, a nonabsorbable
carbohydrate. Lactulose is also used when one suspects bacterial over-
growth or when assessing small intestinal transit time. The CO, content
of the sample is also determined to ensure that the collected sample accu-
rately reflects end-expired tidal air. The CO, and hydrogen concentration
are determined by gas liquid chromatography. This technical require-
ment limits the general application of this useful test.

In patients with unexplained osmotic or secretory diarrhea, one must
always consider the possibility of laxative abuse. Four general categories
of laxatives are recognized: indigestible fiber, lubricants, osmotic agents,
and stimulants. The stimulant laxatives have most commonly been rec-
ognized as agents of abuse, although osmotic agents such as magnesium
salts have occasionally been incriminated. The stimulant group includes
naturally occurring substances, castor oil, senna, and cascara, as well as
synthetic agents, such as phenolphthalein, bisacodyl, danthron, and dioc-
tyl sodium succinate. These compounds stimulate cyclic AMP-mediated
secretion or inhibit absorption. The diarrhea produced by stimulant lax-
atives is characteristic of a secretory diarrhea: The stools are voluminous,
watery, and free of blood, pus, or abnormal amounts of fat. The diarrhea
continues despite the cessation of oral intake, and stool electrolyte con-
centrations are increased and account for the stool osmolality. Once lax-
ative abuse is suspected, it is relatively easy to establish a diagnosis.
Alkalinization of stool or urine containing phenolphthalein or aloe pro-
duces a color change to red, pink, or mauve. This is demonstrated by a
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slow addition of 0.1 N sodium hydroxide to stool or urine. Senna can be
detected by the addition of sulfuric acid and carbon tetrachloride to
urine. Chromatographic methods can detect phenolic and anthraquinone
laxatives in urine up to 32 hr after their ingestion. Magnesium can be
measured in stool water.

Consider humoral factors in patients with severe diarrhea that per-
sists despite restricting oral intake, and in which stool osmolality is
explained by the electrolyte content. Studies are aimed at identifying the
specific hormonal agent, such as vasoactive intestinal peptide and gastrin
in serum and catecholemines in serum and urine.

Specific investigations can be diagnostic in patients with clinical fea-
tures suggestive of an unusual disorder. For example, low serum zinc
points to a diagnosis of acrodermatitis enteropathica in a patient pre-
senting with failure to thrive, mucocutaneous lesions, and alopecia.
Acanthocytic red cells, low serum cholesterol, and abnormal lipoprotein
electrophoresis confirm a diagnosis of abetalipoproteinemia. Differential
white-cell count and immunoglobulin estimation may lead to a diagnosis
of immunodeficiency disease or intestinal lymphangiectasia.

5.3.2. Assessment of Steatorrhea

As indicated in Section 5.2, simple light microscopy can be very
helpful as a semiquantitative assessment of fat malabsorption. Additional
investigation is, however, required to confirm the presence of fat malab-
sorption. The distaste of handling and examining stool specimens has led
to the development of numerous screening tests for malabsorption. Indi-
rect tests to document malabsorption such as fasting serum carotene lev-
els, vitamin A tolerance tests, and D-xylose tolerance tests have proven
to be unreliable. Breath tests utilizing radiolabeled triglycerides and mea-
surement of the label in expired air have been successfully employed for
the assessment of fat absorption. In many of these breath tests, '“C-
labeled products have been used as substrates. Although the radioactivity
is low, the long biological half-life of '*C makes these tests inappropriate
for use in children. The recent availability of stable isotopes such as '*C
avoids the need for radioactive labels, but the need for the sophisticated
methodology of mass spectrometry limits their use.

The most practical and accurate method for quantitative assessment
of absorptive function and confirmation of steatorrhea is measurement
of fecal fat excretion. The stool collection should last at least 3 days while
the patient consumes an adequate amount of fat before and during the
collection. In an infant the fat intake should be 20-30 g/day, in an older
child 50 g or more, and in an adult 100 g of fat should be taken each day.
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Results are best expressed as a percentage excretion of fat intake. Normal
values vary considerably with age. Prematures normally excrete 20-30%
of their fat intake, full-term newborns 10-20%, children 1-3 years less
than 10%, and older children and adults less than 5%.

In patients with steatorrhea and suspected pancreatic insufficiency,
exocrine pancreatic function is best evaluated by measurement of pan-
creatic enzymes and electrolytes in duodenal juice following stimulation
with cholecystokinin and secretin using a quantitative marker perfusion
technique. Fecal chymotrypsin determination, which provides a semi-
quantitative assessment of pancreatic function, can be helpful in assess-
ing infants with steatorrhea but has proven to be unreliable in older chil-
dren and adults. In general, however, in the pediatric patient the problem
is approached more directly by measuring chloride, sodium, or both in
sweat, since cystic fibrosis is the major cause of pancreatic insufficiency
in childhood. Elevated sweat electrolytes are a constant feature of cystic
fibrosis, and their measurement is the procedure of choice for diagnosis.
The test, although not difficult to perform, can be associated with numer-
ous errors in the hands of the inexperienced. In pediatric centers where
the test is being performed regularly, false positives or false negatives are
rare. This, unfortunately, is not the case at centers where the test is done
infrequently. The reliability of the test depends on obtaining adequate
amounts of sweat, at least 100 mg, which is best accomplished by stim-
ulation of local sweating with pilocarpine or urecholine prior to collec-
tion. Indirect methods such as chloride electrodes and measurement of
sweat osmolality have proven to be temperamental and frequently
unreliable.

In normal children sweat sodium and chloride levels are less than 60
meq/liter and usually are less than 40 meq/liter. In patients with cystic
fibrosis levels are greater than 60 meq/liter and frequently are as high as
90 megq/liter or more. In infants and young children levels between 50
and 60 megq/liter should be carefully reexamined. After puberty sweat
electrolyte concentrations may exceed levels of 60 meg/liter in normal
individuals, and the test is no longer as discriminating in the diagnosis of
cystic fibrosis.

In patients with fat malabsorption and a suspected mucosal defect,
peroral biopsy of the small intestine remains the most reliable and efhi-
cient means for assessment. Histological definition of mucosal injury is a
must for the diagnosis of celiac disease. Histological features will aid in
the diagnosis of many other conditions, for example, Whipple disease,
abetalipoproteinemia, and intestinal lymphangiectasia. The diagnostic
value of a small intestinal biopsy is not limited to histological assessment.
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Additional information can be obtained from enzymatic, metabolic,
immunological, and microbiological studies of the biopsy material.

5.3.3. Assessment of Bloody Diarrhea

In the patient with bloody diarrhea the approach is aimed at exclud-
ing infective agents by culture and direct microscopy of stool, and in
demonstrating anatomical lesions suggestive of an underlying disorder,
such as chronic ulcerative colitis or Crohn’s disease, by direct visualiza-
tion (proctosigmoidoscopy, colonoscopy), biopsy, and radiological
investigations.

6. SUMMARY

In the majority of patients, severe disease can be excluded or a diag-
nosis established with thorough clinical assessment, stool examination,
simple tests performed in the office, and, when necessary, more detailed
investigations as indicated. However, many patients with chronic diar-
rhea have no identifiable disease and are grouped into diagnostic con-
glomerates such as chronic nonspecific diarrhea and spastic bowel syn-
drome. In children the onset of chronic nonspecific diarrhea may follow
an episode of acute enteritis and is usually a problem in those younger
than 3 years of age. Stools are loose but not watery and may occur 4-10
times per day. Despite the frequency of stools, most patients are robust
and thriving. The problem is benign and self-limited and is usually of
greater concern to the parent than the child. There is no specific therapy.
The course, however, may be complicated by multiple inappropriate
dietary manipulations and caloric restriction. In patients who are failing
to thrive, caloric restrictions should be corrected before intensive inves-
tigation, unless clinical assessment strongly suggests underlying disease.

REFERENCES

—

. Anderson CM: Malabsorption in children. Clin Gastroenterol 1977;6:355-376.

2. Phillips SF: Diarrhea: A current view of the pathophysiology. Gastroenterology
1972;63:495-518.

3. Freeman HJ, Kim YS: Digestion and absorption of protein. Annu Rev Med 1978;29:99~
116.

4. Friedman HI, Nylund B: Intestinal fat digestion, absorption and transport. Am J Clin

Nutr 1980;33:1108-1139.



124

10.

GRANT CALL

. Silk DBA, Dawson AM: Intestinal absorption of carbohydrate and protein in man, in

Crane RK (ed): International Review of Physiology. Gastrointestinal Physiology III,
Vol. 19. Baltimore: University Park Press, 1979, pp. 151-204.

. Morris Al, Turnberg LA: Surreptitious laxative abuse. Gastroenterology 1979;77:780-

786.

. Gaskin KJ, Durie PR, Lee L, Hill R, Forstner GG: Colipase and lipase secretion in

childhood-onset pancreatic insufficiency. Gastroenterology 1984;86:1-7.

. Roy CC: Gastrointestinal and hepatobiliary complications: changing patterns with age,

in Sturgess JM (ed): Perspectives in Cystic Fibrosis. Mississavga, Ontario: Imperial
Press, 1980, p. 190.

. Russell RI, Lee FD: Tests of small intestinal function: Digestion, absorption, secretion.

Clin Gastroenterol 1978;7:277-316.
Barr RG, Perman JA, Schoeller DAS, Watkins JB: Breath tests in pediatric gastrointes-
tinal disorders: New diagnostic possibilities. Pediatrics 1978;62:393-401.



Inflammatory Bowel Disease

The Distinction between Crohn’s Disease and
Ulcerative Colitis

Hugh James Freeman

1. INTRODUCTION

Ulcerative colitis, since its original description in 1865 in the Union
Army,' has emerged as a heterogeneous collection of inflammatory bowel
disorders recognized and separated from the parent group by the identi-
fication of a variety of clinicopathological features and most important
by the exclusion of specific infectious agents. Today, ulcerative colitis
remains an idiopathic entity requiring for diagnosis the exclusion of spe-
cific etiological agents and the evaluation of a combination of clinical,
radiographic, endoscopic, and histological features.?

In 1960, this diagnostic problem was especially accentuated by the
recognition of Crohn’s disease of the colon as a clinical entity.> > Given
that two different patterns of idiopathic inflammatory disease may be rec-
ognized, is there a need to make this distinction?

2. DIAGNOSIS OF ULCERATIVE COLITIS AND CROHN'S DISEASE

Ulcerative colitis is characterized clinically by rectal bleeding, diar-
rhea, abdominal pain, fever, and weight loss and pathologically by diffuse
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mucosal inflammatory change. The rectum is invariably involved with
proximal extension for variable distances. Rectal biopsy mirrors these
endoscopic findings with diffuse changes extending across the mucosa,
i.e., transmucosal disease. Crypt abscesses are frequently present as mark-
ers of inflammation. However, crypt abscesses are certainly not pathog-
nomonic of ulcerative colitis: other entities, especially infectious causes
of colitis, may produce similar changes, particularly during the initial or
acute presentation. Thus, diagnosis of ulcerative colitis or Crohn’s dis-
ease depends on exclusion of other causes of colitis producing indistin-
guishable clinical and pathological features.

Crohn’s disease is characterized clinically by fever, abdominal pain,
diarrhea, weight loss, as well as slowing of growth in children.® Bleeding
occurs in up to two-thirds of patients. Although bleeding is less frequent
than in ulcerative colitis, this symptom is of no differential value. Patho-
logically, changes are more often focal or segmental. Radiologically, max-
imal involvement is most often localized to the distal ileum and proximal
colon. For example, in the National Cooperative Crohn’s Disease Study,
46% of patients had documented ileocolonic involvement.® A focal
aphthoid ulcer may be visualized, and the mucosa between ulcers or
between involved bowel segments may appear normal. This appearance
may be paralleled by a histological pattern of inflammation characterized
by patchy or focal inflammatory change. Crypt abscesses may also be seen
in Crohn’s disease. Occasionally, microgranulomata containing epithe-
lioid or giant cells are seen. These are usually observed in the mucosa
rather than in the submucosa because of the limited depth of endoscopic
biopsy specimens. Many investigators believe granulomata are character-
istic, if not diagnostic, for Crohn’s disease. However, detection of micro-
scopic granulomata depends, to some degree, on the care and interest of
individuals obtaining, processing, and interpreting the biopsies. With a
single-step section of a rectal biopsy, 7% of patients with Crohn’s disease
had granulomas.” With careful study of serial sections from two biopsies,
however, the yield of granuloma may be up to 28%. Interestingly, these
granulomas may be seen as frequently in grossly normal as in grossly
abnormal mucosa.® Although less frequent, similar observations may be
made in upper endoscopic gastric and duodenal biopsies. Even granu-
lomatous oral lesions (or cheilitis) have been described, sometimes ante-
dating by several years the appearance of bowel disease.’ These findings,
particularly from “radiographically negative” sites, provide strong evi-
dence that Crohn’s disease is a far more extensive process than was for-
merly appreciated.'®

In recent years, a broadening spectrum of disorders has emerged,
many with similar patterns of inflammatory change.” In part, increased



INFLAMMATORY BOWEL DISEASE 127

awareness has resulted from developments in endoscopy and biopsy
methodology,'' as well as improved microbiological methods for defining
the presence of specific infectious agents. These entitites deserve special
emphasis because in previous years, there may have been a lack of rec-
ognition and emphasis of their importance.

3. TWO PATHOGENS OF PARTICULAR INTEREST

Two groups of pathogens of particular interest include Yersinia and
Campylobacter. Yersinia enterocolitica is a gram-negative rod that has
become better recognized with increasing frequency worldwide as a
human pathogen. In children, Yersinia infections usually cause acute
enteritis with fever and diarrhea. In adolescents and adults, acute termi-
nal ileitis and mesenteric adenitis seem to occur more frequently with
Yersinia infections. Other features of the disease include erythema
nodosum, polyarthritis, septicemia, and metastatic abscesses. Recent
studies using endoscopy and radiography document a high frequency of
colonic as well as small bowel disease. Although treatment is usually
effective, a significant percentage of patients may have persistent ileitis."

In 1980, based on different biochemical features,'® this agent was
reclassified to include Y. enterocolitica sensu stricto and a variety of
“new,” formerly labeled atypical Yersinia specimens. Detection of Yer-
sinia has also been substantially improved recently with the development
of highly selected Yersinia growth media that yield “red-target™ colonies,
and with the use of cold incubation enrichment methods.

One of these biochemically atypical species, Yersinia frederiksenii,
differs in its ability to ferment rhamnose. Recent studies'*"’ indicate that
this agent may be associated with a syndrome of diarrhea, frequently
bloody, abdominal pain, and joint symptoms, including mono- and poly-
arthritis. The disease appears to be self-limited, but inflammatory
changes may be observed in mucosal biopsies, and some patients have
giant cell granulomata detected in serially sectioned mucosal biopsies.

Another particularly interesting infection is that caused by the
“newly recognized” Campylobacter jejuni.'® In less than a decade, this
organism has emerged from obscurity as a veterinary pathogen to a lead-
ing recognized cause of enteritis in humans. It is a curved or spiral,
motile, gram-negative rod with very fastidious growth characteristics
(42°C, 5-10% oxygen, and 3-10% carbon dioxide). In many patients, clin-
ical features are similar to those of ulcerative colitis'’ or Crohn’s disease.'®
Patients with C. jejuni infection present with an acute illness with fever,
abdominal pain, diarrhea, and sometimes rectal bleeding. Symptomatic
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relapses may occur,'® and toxic megacolon,” as well as massive hemor-
rhage,”" has been recorded. The diagnosis may be made by direct stool
examination using dark-field or phase-contrast microscopy and may be
confirmed by positive stool cultures.”? The vast majority of patients
improve without therapy. When symptoms are severe or prolonged,
erythromycin is recommended. Thus, patients with unrecognized Cam-
pylobacter infections may show a dramatic “response” to treatment
(including steroids) and may have been provided with an incorrect diag-
nosis and an uncertain prognosis.

4. NATURAL HISTORY AND MORTALITY

Direct comparisons between ulcerative colitis and Crohn’s disease
are difficult because of the variable definitions and methods of expressing
clinical data, as well as the changing therapeutic modalities. In Canada,
the onset of clinical disease defined in a survey of members of the Cana-
dian Foundation for Ileitis and Colitis was apparently represented by a
single peak in young adults for both diseases, with a slight predominance
of females, especially in the province of Quebec.” Similar observations
were made in the National Cooperative Crohn’s Disease Study, i.e., age
of onset showing a single peak between the second and fourth decades
with approximately equivalent sex distribution.®

The course and prognosis of both diseases is highly variable.*** Sig-
nificant differences occur, especially in clinical severity, even among indi-
viduals with apparently similar extent of disease, or from year to year
even for a given patient. Some generalizations, however, can be made.
Most often, a relapsing and remitting course is observed, although some
patients may remain continuously symptomatic. Both Crohn’s disease
and ulcerative colitis are typically chronic disorders, although acute, even
fulminating courses are occasionally observed. In patients with acute ful-
minating disease, exclusion of specific infectious agents is especially
important.

The severity of clinical symptoms and signs and, to a lesser degree,
the extent of disease generally define the therapy in ulcerative colitis. The
majority of patients have mild or moderately severe disease and respond
to medical therapy (i.e., steroids and/or salazopyrin) in 80-90% of cases.
About 10-15% of all patients will require surgery over a 10-year period.
In about half of patients with idiopathic inflammatory bowel disease, the
surgery will be required within the first year after diagnosis.* Patients
with left-sided disease have an approximately 20% probability of devel-
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oping more extensive disease or pancolitis.”’ In children or elderly
patients, the clinical course tends to be more severe.

The assessment of the clinical symptoms in patients with Crohn’s
disease due to disease activity per se may be made more difficult because
of the tendency toward bowel obstruction and septic complications. Fur-
thermore, Crohn’s disease is more frequently complicated by anal and
perianal disease, fistulae, and abscesses. These may be unsuspected,’!
especially if colonic and/or rectal disease is present, and may require spe-
cific treatment, including surgery. Catheter drainage for abscesses may be
considered, especially with ultrasound or other imaging guidance.’*** The
absence of perianal disease was considered an important predictive factor
for favorable outcome in the National Cooperative Crohn’s Disease
Study.® Another important feature of Crohn’s disease is the frequency of
operative procedures. The need for operation appears greater for patients
with ileocolonic disease compared to those with disease localized only in
the small or large bowel.?**

Survival with inflammatory bowel disease appears to be approaching
survival of the general population.”® Recent data from Birmingham in
513 patients with Crohn’s disease® and 676 patients with ulcerative coli-
tis* demonstrates an approximately twofold increased mortality risk for
these diseases. For both diseases, excess mortality was attributed to diges-
tive diseases. There was an excess mortality in young patients soon after
the initial diagnosis as well as from digestive tract cancer. No sexual dif-
ferences were apparent in the mortality rate, and excess mortality from
other diseases was not observed. Interestingly, males with ulcerative coli-
tis, especially with disease onset before age 40 and treated with procto-
colectomy, had a reduced incidence of deaths from circulatory system
diseases and lung cancer.*

5. COMPLICATING FACTORS

Whereas anal and perianal disease® as well as fistulae and abscesses
occur more commonly in Crohn’s disease than in ulcerative colitis, some
hepatobiliary tract complications, particularly primary sclerosing cholan-
gitis, more frequently accompany ulcerative colitis.® Although the diag-
nosis of these associated conditions may lead to the exclusion of under-
lying and even occult inflammatory bowel disease, no specific intestinal
or extraintestinal complication will clearly discriminate between ulcera-
tive colitis and Crohn’s disease. The incidence of clinically observed
extraintestinal complications in 700 patients with Crohn’s disease and
ulcerative colitis has been extensively enumerated.”® The frequencies of
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joint, skin, and ocular manifestations were similar. Interestingly, a sig-
nificantly increased frequency of pyoderma gangrenosum and erythema
nodosum was observed in ulcerative colitis and Crohn’s colitis,
respectively.®

A variety of pathophysiological complications occur in Crohn’s dis-
ease owing to small bowel disease or resection. Malabsorption of vitamin
B,, and fat is common, and the malabsorption of bile acids is associated
with a high incidence of gallstone formation. Hyperoxaluria and oxalate
stones result from increased absorption of luminal oxalates. Although
urinary tract stones may result in hydronephrosis, especially on the right
side, most often this complication is due to extension of the inflamma-
tory process from the ileum and right colon in Crohn’s disease. Some-
times periureteral inflammation is clinically silent and may involve both
ureters.

6. PREGNANCY AND FERTILITY

Neither ulcerative colitis nor Crohn’s disease has an adverse effect
on the outcome of pregnancy. Usually a normal full-term infant is deliv-
ered,” although the birth weight of the child may be lower.* No effects
on the incidence of stillbirths, prematurity, spontaneous abortion, or con-
genital defects have been definitely documented. Logically, inactive dis-
ease is considered more optimal than active disease.*” Conversely, preg-
nancy has no significant adverse effect on the course of either ulcerative
colitis or Crohn’s disease.* Relapse may occur during pregnancy, more
often during the first trimester or during the postpartum period, but the
relapse is usually mild. Pregnancy following ileostomy for inflammatory
bowel disease has as good a prognosis as pregnancy in inflammatory
bowel disease without an ileostomy.*

Fertility in the female is generally regarded as normal in ulcerative
colitis. Infertility in females has been reported in patients with Crohn’s
disease, but this appears to be temporary, frequently resolving after sur-
gery, nutritional repletion, or vitamin B, therapy. In some patients, bilat-
eral fallopian tube obstruction has been recorded, possibly due to the
direct extension of the intestinal inflammatory process.*

Recently, salazopyrin has been reported to cause reversible male
infertility, but the mechanism requires elucidation.** Importantly, it is
worth noting that there are no reported studies on the effect of ulcerative
colitis or Crohn’s disease per se on male fertility. Proctocolectomy still
poses a potential risk for impaired sexual function in the male; no studies
are available for females.
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7. FAMILIAL AND GENETIC ASPECTS

Earlier studies recorded the familial occurrence of inflammatory
bowel disease.”*® Recently, positive family histories were obtained in
approximately one-third of 838 patients with either Crohn’s disease or
ulcerative colitis. For both disorders, parents, siblings, relatives, and
grandparents were similarly affected, and up to 10% of multiple members
in a single family may be affected. Disease was seen especially in pairs of
different siblings rather than in pairs of parents and siblings. Such infor-
mation must be viewed with caution because of the limitations of recall
data and the dependence on accurate diagnoses, sometimes in distant or
deceased relatives.*’ Identical twins with inflammatory bowel disease are
rare but occur.” Inflammatory bowel disease may rarely develop in coha-
biting spouses.>.

Several studies have examined the frequency of various markers,
such as histocompatibility (HLA) antigens. Most earlier studies did not
define increased antigen frequency in ulcerative colitis or Crohn’s dis-
ease,”>* although sharing of HLA identical haplotypes was recorded in
affected pairs of siblings.” Recently, HLA-A, B, C, and DR antigens were
examined in 27 Viennese patients with Crohn’s disease and in 30 patients
with ulcerative colitis.”® A significant increase in HLA-B12 was observed
in Crohn’s disease but was also observed in controls and ulcerative coli-
tis. Interestingly, in HLA-B12-positive patients with Crohn’s disease,
there was a concomitant occurrence of HLA-CW35, and HLA-DR?2 anti-
gen frequency was reported in 70% of Japanese patients with ulcerative
colitis.”” No comparison has been reported of HLA haplotypes in family
members with and without inflammatory bowel disease. Taken together,
these studies suggest that genes coding for HLA antigens or possibly other
marker proteins*® may play a role in the pathogenesis of these disorders.

8. MALICNANCY

Prior studies have firmly established that the incidence and cumu-
lative risk of colorectal cancer is increased in hospitalized patients with
ulcerative colitis.”*® Although this risk seems to be greatest for individ-
uals with pancolitis, especially with disease onset in childhood,* it is now
becoming better appreciated that there is a substantial risk of cancer even
in patients with only left-sided colitis.® Indeed, the incidence of cancer
in left-sided colitis virtually parallels that observed in universal disease,
with the frequency curve shifted about 10 years to the right.® Interest-
ingly, a recent report from a private-practice setting suggests that the mag-
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nitude of cancer risk may have been overemphasized in previous reports
from referral centers.®'

Besides the increased risk of colorectal cancer in patients with ulcer-
ative colitis, a smaller but definite risk for intestinal cancer also occurs in
patients with Crohn’s disease.®* At present, the magnitude of this risk is
unknown. In a recent survey of 126 members of the Scientific Advisory
Committee of the National Foundation for Ileitis and Colitis,* the most
commonly reported site was colorectum (54%), followed by ileum (23%).
Multiple tumors were reported in 35% of colons with carcinoma. A pre-
dilection for bypassed intestine was observed, similar to -earlier
reports.®*%® Recent animal studies using a chemically induced intestinal
cancer model have also demonstrated an increased incidence of colorec-
tal cancer after intestinal bypass,*® although this may reflect, in part, the
presence of suture materials.®’

In recent years, interest has especially focused on the detection of
atypical histological mucosal changes (i.e., dysplasia) in ulcerative colitis
as a possible marker of precancerous epithelium.®* Similar changes have
also been reported in Crohn’s disease.”®’' Early detection of these changes
might enable colectomy to be initiated before the development of cancer.

9. RECURRENCE AND REOPERATION

Perhaps the most important and controversial issue related to differ-
entiating between these two disorders is the anticipated prognosis after
initial resective surgery. By definition, ulcerative colitis is limited to the
large bowel. Thus, it follows that if the large bowel is removed, surgery is
curative. However, in Crohn’s disease clinically recognizable ileitis after
proctocolectomy may be a major problem. Because Crohn’s disease is
defined as a disease of the entire gastrointestinal tract, it is not surprising
that “recurrence” after proctocolectomy can occur in this disease. It can
be argued that disease was present and simply not recognized prior to
surgery, since pathological studies have amply documented evidence of
focal microscopic disease in grossly normal intestine. It is the definition,
however, that is so crucial. If inflammation “recurs” in a patient initially
thought to have ulcerative colitis, then the diagnosis will probably be
altered to Crohn’s disease. Using this approach, no patient with ulcera-
tive colitis can possibly have “recurrent” ileal disease.

The postoperative course of patients with ulcerative colitis and
Crohn’s disease has been compared in many studies. Glotzer et al.”
reported that the number of ileostomy revisions done for obstructive
symptoms in Crohn’s colitis (33%) was not significantly different from
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ulcerative colitis (18%). In contrast, Korelitz et al.” recorded a higher
recurrence rate. However, Nugent et al.” reported that following proto-
colectomy in Crohn’s colitis, only 3% of patients developed evidence of
ileal granulomata, deep fissures, or transmural inflammation and fibrosis.
A further 7 of 44 patients with Crohn’s colitis had 14 ileostomy revisions
(similar to the frequency in their ulcerative colitis group, 9 of 53 patients
with 17 revisions) for nongranulomatous ileal stomatitis.

In a subsequent report from Birmingham,” the sequelae of colec-
tomy and ileostomy were compared in Crohn’s colitis and in ulcerative
colitis. The immediate and late mortality, as well as the septic compli-
cations, were similar in both ulcerative colitis and Crohn’s disease. How-
ever, the need for reoperation was greater in Crohn’s colitis for both ile-
ostomy reconstruction and recurrent disease. In this study, recurrence
was defined histologically, but granulomata were not considered to be a
necessary histological criterion to diagnose recurrent Crohn’s disease.
This was different from Nugent’s study. In the National Cooperative
Crohn’s Disease Study, the type of initial surgery also appeared to be an
important determinant of the need for later surgery’®; more surgery was
required if the initial procedure was a bypass rather than a resection.

In addition, the site of involvement was important in defining the
time when initial surgery was required; the time from onset of symptoms
to surgery was shortest in ileocolitis, longer for disease only in the small
bowel, and longest for those with colon-only disease. Similarly, Vender
et al.”’ reported that site of Crohn disease involvement was important;
the incidence of ileostomy revision or recurrent gastrointestinal symp-
toms such as diarrhea, pain, and bleeding after colectomy for Crohn’s
colitis was higher in those patients with ileal disease compared to those
with no ileal disease. “Recurrent” disease, defined histologically, was
observed in 18% of Crohn’s colitis patients after colectomy, with a mean
follow-up of 7.6 years. Interestingly, this occurred most often in those
with transmural (50%) rather than superficial mucosal disease (10%).
Lock et al.® recorded similar results but noted a linearly increasing
requirement for reoperation with increasing time after the initial surgery.
In addition, surgery was performed more frequently if the small bowel
was involved. More recently, using clinical criteria for the diagnosis of
Crohn’s disease, Wolfson et al.”” claimed that recurrence was not influ-
enced by the presence or absence of granulomata.

The risk following colectomy in Crohn’s colitis may have been over-
emphasized in the past, largely because of variable criteria used to define
Crohn’s disease per se and “recurrence.” The desire to make this distinc-
tion has been even further emphasized in recent years because of increas-
ing numbers of patients seeking ileostomy alternatives. In these patients,
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“recurrent disease” may necessarily lead to further resection and loss of
significant lengths of small bowel used to create the pouch. For this rea-
son, most regard Crohn’s disease as a contraindication to this procedure.
At present, data do suggest an increased risk for clinically significant and
histologically confirmed Crohn’s disease of the ileum after colectomy.
However, more studies using uniformly defined criteria are required.
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Nutritional Support for the
Gastroenterology Patient

Total Parenteral Nutrition, Enteral Feeding, or
“Home Cooking’’?

Josef E. Fischer

1. INTRODUCTION

The evolution of nutritional support and the enthusiasm that originally
greeted total parenteral nutrition (TPN) has by now given way to a more
balanced view of what nutritional support entails and its indications,
risks, and benefits as well as its efficacy. Included in the rethinking of this
important therapeutic modality is the concept now commonly accepted
that nutritional support given by gut is probably more appropriate than
nutritional support given by vein. There are at least eight different areas
in which advantages for enternal nutritional support are apparent,
although many of them are still conjectural:

1. Absorption is more normal when foodstuffs are given through the
gastrointestinal tract. Some of the processes of absorption are poorly
understood, and there may be other purposes served by these and other
functions of the gut.
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2. We know that certain metabolic functions, such as transamina-
tion of amino acids, take place in the wall of the gut. When nutrients are
given by vein instead of by the more normal enteral route, transamina-
tion still takes place in the wall of the gut. To a certain extent, this may
be responsible for the increase in energy expenditure and gastrointestinal
blood flow that follow the administration of certain amino acids by vein.

3. Under normal circumstances all blood from the gut passes
through the liver, and hepatocytes sitting astride the portal vein have as
one of their primary functions the absorption, assimilation, metabolism,
and storage of various nutrients. It has been estimated that between 75
and 100% of some of the more critical nutrients, such as certain amino
acids or carbohydrate, is cleared by the liver in one pass. The liver also
stores for future release, in response to hormonal or neurogenic signals,
various nutrients for distribution to the periphery in an orderly fashion.
Obviously, if the primary path of nutrients is via the periphery, the liver
is deprived of its fair share of the nutrients which it generally receives
through the gut. Whether or not this is deleterious is not clear, but cer-
tainly normal physiological function is bypassed. It is also not clear
whether the other implication of this phenomenon, that the liver requires
this huge normal flow of nutritional substances to maintain its integrity,
is true. What should follow as a corollary of this assumption, if it were
true, is that there is less hepatic derangement following enteral nutrition
than parenteral nutrition. Although an attractive hypothesis, current evi-
dence does not support this concept.

4. It is clear that food passing through the gut provides trophic
effects on the gastrointestinal mucosa and the gastrointestinal tract under
the influence of certain hormones.

5. The gut produces large amounts of various globulins. Several
authorities have ascribed some immunological function to the gut, and
some experimental as well as clinical evidence suggests that there may be
some immunological functions which are lost when the gut is bypassed
in favor of intravenous nutrition.

6. We certainly do not understand the myriad of hormonal signals
generated when food passes through the gut or their importance in the
overall economy. However, almost certainly this aspect of hormonal con-
trol, whatever the effects, is bypassed by the intravenous route.

7. Enteral nutrition is clearly cheaper.

8. Not all of the functions of the gut are understood. Our under-
standing of many of them, such as immunological functions, is yet in its
infancy. Presumably, there are other functions which the gut normally
performs which we have not yet fathomed.
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Despite all its advantages, the adage that enteral nutrition is safer
than parenteral nutrition is simply not true. A single episode of fatality
from aspiration of tube feeding is greater than the mortality of a well-run
parenteral nutrition program for 2 or 3 years. Many of the patients receiv-
ing enteral nutrition have altered states of consciousness and an ineffec-
tive gag reflex. Under these circumstances, aspiration remains a distinct
possibility. Moreover, sudden changes in gastric and enteral motility with
the sudden onset of sepsis will result in aspiration, especially with a tube
through the gastric cardia rendering it incompetent.

Most authorities in the nutritional field agree that the patient with
gastrointestinal disease is far better off being nourished by the enteral
route as compared to the parenteral route. However, in many situations
this proves impractical. Patients with a variety of gastrointestinal dis-
eases simply cannot take sufficient enteral nutrition to keep themselves
alive. Under these circumstances, total parenteral nutrition is essential.

2. COMPARISON OF ENTERAL AND PARENTERAL NUTRITION

Various investigators have examined the efficacy of enteral and par-
enteral nutrition in both experimental animals and in patients. It should
be pointed out, however, that in comparison to the sophistication of the
functions that may differentiate between the efficacy of enteral and par-
enteral nutrition, the functions that have been examined by various
authors are relatively crude and are limited to, for example, nitrogen bal-
ance and amino acid profile, rather than such sophisticated functions
such as immunological function. As I will point out, a few papers have
examined these functions, but the results are clouded.

2.1. Results in Experimental Animals

Beginning in the mid 1970s, investigators began comparing the effi-
cacy of enteral and parenteral nutrition. Lickely and her collaborators
suggested that enteral nutrition seemed to give marginally better nitrogen
balance as compared with parenteral nutrition in rats." More recently,
Maiz and his collaborators suggested that enteral nutrition was associated
with better hepatic protein synthesis,’ a finding widely anticipated but
remarkably difficult to establish. Kudsk, in several papers, suggested that
enteral nutrition is more protective against immunological disturbances
(in this case the challenge of hemoglobin adjuvant peritonitis) than is par-
enteral nutrition.** In experiments using protein-depleted rats, Kudsk et
al. demonstrated that nutritional repletion using TPN did not protect as
well against hemoglobin adjuvant peritonitis as did enteral nutrition.**
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Alexander (personal communication, 1984) has pointed out that there
appears to be a nonspecific immunological response to abdominal oper-
ative procedures, such as gastrostomy used for feeding, which will cloud
these results, although he and his co-workers have been able to demon-
strate similar findings in guinea pigs.’ However, in a study in burned chil-
dren it did appear as though those children who received a higher dose
of protein, and received it enterally instead of parenterally, appeared to
fare better from the standpoint of infection, with increased survival.
These data are open to a variety of interpretations, one of which is that
patients receiving enteral nutrition have better immunological function
than those who do not.

A number of discrepancies, however, have arisen in these studies.
Our own laboratory has been unable to repeat these studies, but the dis-
crepancies can be explained if animals with catheter sepsis are elimi-
nated. Catheter sepsis in rats, particularly, is very difficult to detect. In
our own studies we have only been able to detect animal catheter sepsis
using serial mediastinal histological sections and mediastinal smears and
cultures. When animals were considered as a group and animals with
catheter sepsis were not eliminated, enteral nutrition was clearly superior
to parenteral nutrition.” However, when experimental animals with cath-
eter sepsis were eliminated, enteral and parenteral nutrition were equiv-
alent. In most of the other studies in which parenteral nutrition was not
equivalent to enteral nutrition, catheter sepsis was not looked for nor
were those animals eliminated.

2.2. Results of Studies in Patients

There are not a great many studies that properly compare enteral and
parenteral nutrition. A number of studies compare gastrostomy feeding
and parenteral nutrition in the preparation of patients for operation. Lim
et al. for example, found that a gastrostomy was superior to parenteral
nutrition, but the patients in that study were neither isocaloric nor iso-
nitrogenous.® On the other hand, Rowlands et al., using an isocaloric and
isonitrogenous regimen, gave different levels of calories and nitrogen to
patients undergoing abdominal surgery and found that although none of
the regimens brought patients into nitrogen equilibrium, patients with
gastrostomy feedings showed generally superior results.’ Burt et al., uti-
lizing patients with neoplastic disease, found that parenteral feedings
were slighly superior with respect to nitrogen retention as compared with
enteral feedings, but the differences were slight.'

Our own studies (recently published) were carried out in matched
pairs of patients following upper abdominal surgery in which either nee-
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dle catheter jejunostomy or standard parenteral nutrition was utilized,
and isocaloric and isonitrogenous feedings were carried out in matched
fasion over 7-10 days.'' Both groups maintained initial body weights and
achieved positive nitrogen balance by day 5, and there were no differ-
ences in urinary 3-methylhistidine excretion, which rose after surgery and
declined as time progressed without complications. Surprisingly, there
were no differences in plasma levels of albumin, transferrin, or thyroxine-
binding prealbumin, whereas retinol-binding protein rose slightly in the
TPN group by day 6. Insulin increased similarly in both groups, and pan-
creatic glucagon and total glucagon were unchanged. The most surprising
difference between the groups, which otherwise were indistinguishable,
was the rise in alkaline phosphatase in the group receiving enteral nutri-
tion while falling in the group receiving TPN. Thus, a series of carefully
studied parameters in matched patients failed to reveal any advantages
to patients receiving enteral nutrition.

I have previously alluded to a study carried out at the University of
Cincinnati and Shriner’s Burn Institute by Alexander, myself, and our
colleagues, in which burned children were randomized for either a high-
protein diet (25% calories as protein) or a standard diet containing 15%
of calories as protein, intended to analyze the role of protein in various
immunological responses.® The high-protein group showed a statistically
significant improvement in survival. It should be pointed out that review
of the data retrospectively showed that a higher percentage of patients in
the high-protein group received more of their calories enterally than par-
enterally. Some have interpreted these data as showing that enteral nutri-
tion supports immunological functions, such as neutrophil bactericidal
index and opsonic index, better than parenteral nutrition. This is by no
means clear, as it is possible that the patients receiving a standard protein
diet were sicker and therefore would not eat and had to receive their
nutrition by the parenteral route. This intriguing possibility remains to
be investigated.

3. NUTRITION IN INFLAMMATORY BOWEL DISEASE

3.1. Crohn’s Disease

Crohn, Ginzburg, and Oppenheimer are generally credited with the
first description of what has come to be known as Crohn’s disease or gran-
ulomatous inflammatory bowel disease (GIBD).!> We now know it to be
a disease that can occur anywhere from the mouth to the anus, and
although regional enteritis remains a synonym because of the affectation
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of the ileum, primarily by early disease, it may present anywhere. Clinical
manifestations, pathology, and diagnosis are beyond the scope of this
chapter, and the present discussion will be limited principally to the con-
troversial role of nutritional support, mainly parenteral nutrition, in the
management of this disease.

It has been estimated that the majority (up to 75%) of patients with
inflammatory bowel disease who are considered for surgery may be suf-
fering from some degree of malnutrition, variously defined. Causation
includes catabolism secondary to ongoing active or chronic inflammatory
processes, the use of steroids as a treatment, and protein loss secondary
to ulceration or inflammation of the involved bowel. Malabsorption sec-
ondary to diarrhea with rapid transit time results in massive losses of
nutrients, which is further augmented by repeated resections resulting in
the short bowel syndrome. Since these patients feel ill, almost all of them
are anorectic, resulting in inadequate dietary intake.

Nutritional support has become important for both the medical and
surgical management of GIBD, and many authorities in the field advo-
cate the use of elemental diets for patients with this disease. Although I
have seen an occasional patient who has responded to elemental diets, a
bland, soft, low-roughage diet is generally better tolerated, is certainly
more palatable, and is much more likely to have the patient continue on
it than on enteral nutrition using either a modular or synthetic amino
acid mixture or hydrolystate. Although enteral nutrition, using a defined
formula diet, may be useful either for supplementation or for long-term
outpatient therapy, my experience with these patients suggests that it is a
rare patient who will stay on such defined formula diets for any period of
time. Others have advocated repeated use of elemental diets for limited
periods of time for controlling flareups and have reported success,
although published reports are few. Success probably varies directly with
the enthusiasm of the observer. Under such circumstances, especially
when patients are within the hospital, parenteral nutrition has been
utilized.

Parenteral nutrition may be utilized in one of three ways:

1. To replete nutritional deficits as a part of ongoing medical
therapy.

2. To allow complete bowel rest for healing or repair of the diseased
bowel in an attempt to place patients into remission.

3. If surgery is required, at least theoretically to provide for periop-
erative nutritional support in an attempt to minimize complica-
tions, morbidity, and mortality.
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The rationale for bowel rest using parenteral nutrition is to decrease
the mechanical, hormonal, and chemical stimuli to small bowel while
providing adequate nutrition to allow healing and regeneration. Studies
in animals are supportive of this concept, demonstrating fewer intestinal
myoelectric potential, decreased gastric, intestinal, and pancreatic fluid
and enzyme secretion, as well as mucosal atrophy presumably brought
about by lack of stimulation and bypass of the gut using TPN."* It should
be emphasized here that complete bowel rest on 5% dextrose and water
is not likely to result in bowel healing if such starvation goes on for any
period of time. The development of the associated protein/calorie mal-
nutrition not only inhibits healing of diseased bowel wounds and fistulae,
but may contribute to deranged immunological competence as well.

Since an early published report by Fischer et al. in 1973 indicating
that hospital remissions could be expected in up to two-thirds of patients
with both colonic and small bowel GIBD,' a numer of other studies have
been published'*~* (Table 1). In general, the results are consistent, and
favorable rates of response, especially in patients with largely small bowel
disease, may be expected. Although a few of the studies, such as those of
Mullen et al.,”® Dean et al.,”* and Bos and Westerman,?® have remission
rates in the range of 40%, these may represent unfavorable hospitalized

Table 1. Results of TPN and Bowel Rest in Patients with GIBD

Duration Nutritional Hospital Late

No. of TPN response  remission remission

Study patients  (days) (%) (%) (%)
Fischer et al. (1973)"4 67
Vogel et al. (1974)"* 14 9-50 78 100 50
Eisenberg ef al. (1974)'¢ 46 5-46
Reilly et al. (1976)"7 23 29-36 74 61
Fazio et al. (1976)'8 67 20 77
Greenberg et al. (1976)" 43 25 77 67
Dudrick et al. (1976)%° 52 54
Dean et al. (1976)* 16 43
Harford and Fazio (1978)% 21
Mullen et al. (1978)% 50 26-37 38
Driscoll and Rosenberg (1978)% 16 100 75 50
Holm et al. (1981)% 6 60-98 86 86
Elson et al. (1980)% 20 36 100 65 25
Dickinson et al. (1980)% 9 18-24 66 16
Bos and Weterman (1980)% 115 41 41
Shiloni and Freund (1983)% 19 21-150 100 56 37.5

Muller et al. (1983)* 30 84 83 43
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patients at one end of the spectrum, and most investigators report remis-
sion rates between 60 and 80%, presumably allowing discharge from the
hospital. It is clear from all studies, as was noted by Reilly et al. in 1976,"
that remission rates were likely to be higher in patients with disease con-
fined to small bowel. It is also true that while steroids could be decreased,
the ability to induce remission using TPN in such patients and com-
pletely discontinuing steroids was probably not wise, and that one would
be better served by maintaining steroids at a low level of 5-10 mg/24 hr."”

The problem encountered with GIBD and parenteral nutrition has
remained the same for the past decade, and that is the duration of remis-
sion and the degree of recurrence. Here again, Table 1 shows that there
is a remarkable variability in the late remission rates, ranging from
approximately 15-20% to 85%. It is likely that the mean remission rate
in such patients remains about 30-40% after 1 year. It is also probably
true that the duration of remission has a mean of approximately 11
months and that, although recurrences have been seen by myself as
quickly as 24 hr following cessation of hyperalimentation, remission rates
generally average 1 year, which, incidentally, is approximately the same
mean duration of remission as following surgery.

Thus, in a patient with Crohn’s disease in whom one has nothing left
to offer but surgery, viewed from the perspective of a clinical surgeon
with an active practice with patients with Crohn’s disecase, TPN is an
appropriate way to avoid surgery, provided complications such as
obstruction, bleeding, abscess, or gastrointestinal cutaneous fistula are
not present. The remission rate will decrease over the first year, but some
patients will remain in remission for prolonged periods of time. In addi-
tion, it is possible that smaller amounts of small bowel will need to be
resected after activity is decreased with the use of parenteral nutrition in
patients with granulomatous disease.

3.2. Ulcerative Colitis

Our initial results in treatment of patients with ulcerative colitis with
TPN were rather poor. Only one patient of an initial dozen treated went
into remission, this being a patient who had become extremely malnour-
ished before discovery of the ulcerative colitis, and I believe that his
response was to steroids, although TPN restored his nutritional state.
Almost all of the other patients came to colectomy, except one patient
who refused colectomy and died. Other authors have reported some long-
term remissions, but overall, long-term remission in patients with ulcer-
ative colitis is not impressive and probably less than 20% if all series are
collated (Table 1). However, despite the lack of long-term remission in
ulcerative colitis, I as well as others have found TPN to be useful in pre-
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Figure 1. Rectal mucosal stripping for either ulcerative colitis or, in some cases, familial
polyposis. With experience one can develop a plane between the mucosa and the muscu-
laris, leaving the muscularis intact and stripping out the submucosa. Since the disease is
confined to the mucosa in both ulcerative colitis and familial polyposis, this enables one to
completely resect the disease while leaving the muscular plane to protect the anastomosis.

paring patients for pull-through operation.> =33 Since ulcerative colitis is
a disease limited to the mucosa, theoretically the mucosa can be stripped
out surgically; a muscular sleeve remains (Fig. 1) through which the ileum
can be anastomosed to a small remaining bit of rectal transitional epithe-
lium (Fig. 2). A major problem with this operation is preparation of the
rectal segment for stripping. Deep mucosal ulceration prevents adequate
stripping because of inflammation, adherence, vascularity, and mechan-
ical difficulty, increasing the possibility of leaving islands of rectal
mucosa behind and exterior to the ileum, which will probably result in
late failure of the operation. Thus, at the University of Cincinnati we
have emphasized in-hospital TPN combined with nil p.o., antibiotics,
bowel rest, systemic steroids as well as local steroids, and Azulfidine in
an attempt to quiet the rectal mucosa to the point where it is feasible to
strip the rectum. In our experience, this takes from 10 days to 6 weeks,
although most patients require approximately 3 weeks for operation.
Using this careful approach, the results in our approximately 100
patients have been, even to ourselves, truly impressive.**> Almost total
continence has been the result. An occasional patient has a stricture
requiring dilation under anesthesia. Few cases of pouchitis have been
encountered, largely associated with pouch stasis. Although this approach
requires a large investment of in-hospital preparation as well as a second
operation to close an ileostomy (which we use to protect the numerous
suture lines within the pelvis), the results have been truly gratifying.
Finally, the Soave operation (or Martin operation, as it should be
called) for ulcerative colitis, as it does not require a permanent ileostomy,
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Figure 2. Transitional epithelium. It is important not to leave columnar epithelium because
this will allow opportunities for recurrence. Transitional epithelium, however, is usually not
involved in the disease and yet must be retained, in our opinion, to provide for rectal
continence.

has changed the entire nature of surgery for this complication. Most
patients, after they have had the ileostomy closed, state that they would
not have persisted with their troublesome colitis had they known that the
results of the operation would be this good, but would have had the oper-
ation much sooner. These operations are still being modified, but our
longest-term patients are now approaching 10 years, and we believe that
the operation is a good one.

3.3. Other Diseases of the Colon

Not all diseases of the colon are either granulomatous colitis or ulcer-
ative colitis. We have seen a number of patients with bizarre diseases
unresponsive to other forms of therapy other than TPN. When a disease
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is not clearly identified or, perhaps, a vasculitis or ischemic colitis is sus-
pected, the use of TPN is probably beneficial and may enable patients to
survive without operation, and the colon usually recovers.

Other uses of TPN in inflammatory bowel disease include the occa-
sional patient in whom manifestation of inflammatory bowel disease is
primarily that of a rectal fistula, but whose disease is otherwise mild. In
these patients, placement of the patient on bowel rest, use of nonabsorb-
able antibiotics, and local excision and closure of the fistula, provided the
patient is on 100% bowel rest, may result in an excellent functional result
and the lack of necessity for a colectomy, for example, in granulomatous
colitis.

4. PERIOPERATIVE PARENTERAL NUTRITION OR PREOPERATIVE
NUTRITIONAL PREPARATION

The area of perioperative parenteral nutrition, particularly as it
applies to patients with gastrointestinal disease, is controversial and one
in which all of the data have not yet been collected. As one who has prac-
ticed parenteral nutrition for over 15 years, I have an intrinsic belief that
patients who are parenterally nourished perioperatively tend to do better,
look better, physiologically recover more quickly from operation
(although their stay in the hospital may be slightly longer), and in general
are well served by perioperative parenteral nutrition. Yet, I am the first
to admit, and have argued for some time, that the evidence simply does
not exist indicating that perioperative nutrition is a useful adjunct and
worth the expense.*

4.1. The Concept of Risk

A number of investigators have attempted to establish whether
patients who are severely malnourished are at increased risk for opera-
tion. The results have been quite mixed. As early as the 1930s it was
pointed out that patients who underwent gastrectomy with a low serum
albumin, presumably because of malnutrition, had a higher incidence of
complications and a higher mortality than those who were well nour-
ished.” A variety of studies have been done, many of them retrospective.
At the University of Pennsylvania, Mullen and his co-workers studied a
large series of patients at the Veterans Administration Hospital and at
the University of Pennsylvania in retrospective fashion.***’ They initially
attempted to define whether there were certain parameters which could
be measured in preoperative patients and which would define a normal



150 JOSEF E. FISCHER

and abnormal patient population. Their initial attempt at the Veterans
Administration Hospital revealed that only 3% of the population was
normal with regard to all parameters and 35% of the population was
abnormal with respect to three or more of the parameters studied.* Thus,
this could not be accepted as a definition of malnutrition, since in the
common surgical experience, even at the Veterans Administration Hos-
pital, risk was not that high in this group of patients. They finally arrived
at a formulation which they entitled “prognostic nutritional index” (PNI)
and which, largely from retrospective studies, was given as follows®":

PNI (%) = 158 — 16.6 (ALB) — 0.78 (TSF) — 0.20 (TFN) — 5.8 (DH)

where PNI is the risk (percent) of a complication occurring in an individ-
ual patient; ALB is the serum albumin level (grams per deciliter); TSF is
the triceps skinfold (millimeters); TFN is the serum transferrin level (mil-
ligrams per deciliter); and DH is the cutaneous delayed hypersensitivity.

As can be seen from this equation, the weight of the formulation is
in terms of the serum albumin, and our own statistical manipulations of
this formula suggest that almost the same benefit is derived from the for-
mulation if only serum albumin is considered.

The prognostic nutrition index and the studies from the University
of Pennsylvania suggesting that patients do better when they are prepared
preoperatively must be identified as being retrospective,* that is, that the
groups are not strictly comparable. Almost anyone can walk through a
given hospital and pick out patients who are at high risk, for example,
those in the intensive-care unit as opposed to those having hernia repairs.
The only properly done randomized, prospective trial is that in which
patients are consecutive and submitted to randomization, with some
hyperalimented and some not.

There are two other studies in which no parenteral nutrition was
used. In a study of consecutive patients in the Mason Clinic, Ryan and
Taft reported in the largest number of patients collected that there was
no difference in such indicators as mortality rate and complication rate
in a group of patients undergoing major surgical procedures. In this study
they did not remove those patients who were severely at risk, that is,
those individuals who lost more than 20% of their body weight.** Simi-
larly, Higgens et al., in a recent study confined to patients with inflam-
matory bowel disease, also failed to reveal any evidence of increased mor-
tality or morbidity in patients who lost more than 20% of their body
weight.

The obverse, that of preparing patients for operation with TPN in a
randomized, prospective fashion, has been carried out by a number of
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institutions. Unfortunately, most of these studies involve patients with
neoplastic disease. It is clear from Table 2 that in almost all studies in
which TPN is used as adjunctive therapy in patients with neoplastic dis-
ease, there is no advantage to the patient and there may be some detri-
ment to patients treated with radiation and chemotherapy, presumably
due to the stimulatory effect on the growth of the tumor, which has been
demonstrated recently by Popp and his co-workers in experimental ani-
mals.* The one exception to these lack of positive results has been where
patients have been prepared for surgery with parenteral nutrition in neo-
plastic disease.

Lee showed a marginal improvement in outcome in patients pre-
pared for gastrectomy with TPN as opposed to those who were not. The
incidence of wound infections that could be attributed to malnutrition
was decreased.”? Holter and Fischer carried out a randomized, prospec-
tive trial comparing three groups of patients, one of which had been
hyperalimented for 3 days preoperatively and postoperatively until 1500
calories were taken by mouth. There was a trend toward a decrease in
major complications in patients given TPN who had lost weight as
opposed to those who had lost weight and had not been given parenteral
nutrition. Both groups fared worse than those patients who had not lost
weight.* The results were not statistically significant, and it was esti-
mated that an additional 200 patients would have had to enter the trial
if such statistical significance was to be achieved. Muller and his co-work-
ers treated patients with esophageal carcinoma preoperatively for 10 days
with parenteral nutrition as compared to tube feedings and found a sta-
tistically significant improvement in patients treated with TPN, with
deaths and infections decreased.* Yamamoto and his colleagues also
reported improvement in outcome with patients treated with parenteral
nutrition, even in patients with known disseminated disease treated with
chemotherapy.*

These results suggest that although in neoplastic disease and surgery
some case can be made for improvement in outcome in patients treated
with TPN, in patients without neoplastic disease in two large consecutive
series, including one with inflammatory bowel disease,* no difference in
outcome has been reported between patients who have lost even large
amounts of weight and those who have not lost weight.

5. HOME PARENTERAL NUTRITION

For patients with gastrointestinal disease who are unable to eat and
cannot be controlled by any other means, home parenteral nutrition



Nd yis

¢(1861) 10

001 001 11 L1 suieg ured 1m pasordwy K1331ng 20U D [ 2 uosdwoy |,
Aipiqrow
uorndyul I0 Nd 1o} 190UBD
‘ID ‘[eordojorewdy  dgeiueApR Jruagoyouoiq Nm:wo_v yi4
dleIolowe J0U PIp Nd  [BAIAINS VN VN 6S S8 Nd yna uted 14 Adessyioway) [[90 [lewS 6% 12 OSQIAIP[EA
Nd 10} 9AIND
[RIATAINS ULIS)-3UO] Nd ynm dsouefeq I90UED }ooU 1s(1861)
I19119q Apuedyrudiy VN VN 96 0S oweg N Jo119q pue ured Im K1931ng pue pesH 69 ‘D 12 OYeS
M M
(4 B Buny 0s(0861)
UeIpoN VN VN €T o1 VN Aderoyrowayd [[39-180-UON 96 v 10 mozue]
Nd s I90UBD
[9A9] UTINg[e pue osesd «+(0861)
0l 01 VN VN sweg Joue[eq N parosduayf K1331ng [eadeydosg (Of ‘D 12 swWig
uondIdUI puNoOM 190UBD
aaneradoisod ur osed a(6L61)
uonoNpaI juedYIusig w Sl €8 SE Jwesg dweg K1931Ing [eadeydosy L ‘v 12 Asp1eoH
Nd
yum Adessyrowdyd
JO $109J9 J1X0) SS| Nd s J90UBd
‘uorssarddnsopaAw [011U0D OUIIFWINIID WIe Juny [[90 +(8L61)
SSYT VN VN LL S L‘Nd 1€ ‘ured ' pasordw]  Adesoyloway)d snowenbg 97 ‘D 12 [[9SST
uonoyul Nd 190UEd o(LL6T)
PunoMm jJo ajer Jomoy VN VN 0t 0 Jweg  Ylm ddouefeq N Jonag £1931Ing [eageydosg G| v 12 1sSIYSON
Nd yim Nd Y1 [949] e(LL61)
a1e1 uoneordwiod urnqge paseasout I19Yostg
Jofew Jomo| 6 €6 61 €1 Jweg Pue SSO[ "M PaseaInq K1931ng I0URD [ 96 pue 190H
sjudWwWo)) [onuo) Nd [onuo) Nd (%) $109]J9 [RUOILINN Adeioy) Jown) Jo adK], -s1d
Kderoyy JoadAL ‘ON
(%) reataing (%) Adesoys Jo o1
suoneordwo) asuodsoy

Adesayroway D) 4o ‘uoneipey ‘A1a8.ns Suto8iapur] JooueD) YUM SIUSIERY UO (Nd) UONLINN [BI91UdIR] JO 109447 ayl JO SaIpmS T 9(qe]



Nd [eAlAINS
10J SUOISSTLIAI JOLIOYS uLa)-guog

uorssaxddnsojoAw
paonput
-Adelsylowayo
SuImo[[0y A19A0091
19191e[d pUR
91400[nueid rerung

8

paredwod

Su1pagy Awojsonsed
pue Nd L anessdoarg 08
6L
08
skep 80¢

Nd pue [0J1u0d
u3am1aq dsop Srup
[©10} JO 3JUeIIO}

Snup ur 90uAIYIP ON

96

SL

V8

SAep 6L

99

123

suoneordwo)

4! 9
Nd dim
suonoyul
1919y1BOUOU
JO douapiout

pasealnou]

sureg

69

98

w

[43

6L

08

4!

sIsoquioay}

oA

UBIAB[IqNS
%11

IL

L1

£9

£8

Sl

sujoxd

[BIDSIA JR[IWUIS

nq ‘Nd ysm
doueeq N pasoxduy

Nd Yy snjers

[eo1dojounwiwii pue

‘surajord [eIaosiA
‘ured “1m pasoxdug

Nd Yy ddueeq
N pue ure3 1m Jonog

Nd UM SSO[ “Im SST
sweg

SADUAIYIP JYl0
OU INd Yia utes 1m
sdnoid
Y10q 10j reruuis
sa1400ydwA| 210}
pue ‘ulIgjsuen
‘arunqpe
‘Anpwodosgiue
ssewl Apoq ued[ ‘Nd
i ured mm payIey

Aderayloway)

Aderayrloway)

Arging

A1931ng

Adesayioway)

Adesayroway)

Adesayjoway)

Aderoyioway)

Sewooreg

Sewooses

190U [D

I13dUBd
[eadeydosy

190UBd
Ie[nonsal
JneISEIN
130ued Jun|
onsejdeuy
190UBd
uo[0d
oneISBRN

rwoydwA|
asngla

[43

LT

STl

144

0¢

61

54

9¢

6s(V861) 10
12 19819quIByS

2s(€861) /P
1o 19810quieyg

w(T861)
‘v 12 ™[N

§(1861)
012 wry

s(1861)
‘D 12 sanuwreg

o(1861)
ID 12 NOLIDG

ss(1861)
‘| 12 UOXIN

»s(1861)
‘v 12 ddog



154 JOSEF E. FISCHER

remains an efficacious method of treating at least the results of such
severe gastrointestinal disease as well as perhaps improving the disease
itself. Home TPN is now approximately 12-13 years old and, although
some authorities prefer a 24-hr method of treatment, at our nutritional
support unit as well as in most others, the overnight mode is preferred.
Although patients with massive enterectomy secondary to volvulus and
mesenteric thrombosis make up the bulk of patients treated in most med-
ical centers, regional enteritis represents a large group of patients who
require home parenteral nutrition. In our own studies, this has included
patients with massive, repeated small bowel resections due to regional
enteritis (something we would almost never do in our own practice—
these are patients who have been operated on elsewhere) and patients
with fistulae that are resistant to therapy and closure. This group of
patients is very highly motivated, and almost all of the patients that we
treat with home parenteral nutrition are employed. In addition, such
patients generally experience remission of the Crohn’s disease from time
to time, so that although most of them are dependent on TPN, some oral
intake occurs which will help prevent fatty acid and trace metal deficiency
(see Table 3).

The number of patients placed on home parenteral nutrition should
be small in the adult group. In the pediatric age group, however, we con-
sider stunting of growth a valid indication for TPN. A spurt of growth
lasting 6 months generally follows hospitalization and TPN in a child.
Consistent outpatient nutrition will enable normal growth and not doom
such children, who often ‘“‘outgrow” their disease, to a long-term social
stigma of being a “runt.” The effect on Crohn’s disease in such patients
is presumably salutory, but is secondary.

Table 3. Indications for Home Parenteral Nutrition

Short bowel syndrome
Mesenteric vascular event
Multiple or extensive bowel resections (malrotation and volvulus, internal hernia,
Crohn’s disease)
Gastrointestinal motor disturbances
Chronic pseudoobstruction
Scleroderma
Radiation enteritis
Crohn’s disease
Mesenteric insufficiency
Recurrent multiple intraabdominal adhesions
Malignancy (rarely and must be concomitant with antineoplastic therapy)
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6. SUMMARY

Enteral nutrition may be superior to parenteral nutrition with
respect to convenience and cost, but proof of efficacy over TPN has not
been forthcoming. On the other hand, patients who can experience amel-
ioration of gastrointestinal disease with the use of chemically defined for-
mulas should be so treated. The majority of patients, however, who are
severely 1ll and require nutritional support will not tolerate such chemi-
cally defined formulas or any oral intake and will require TPN. The ben-
eficial effects of TPN in Crohn’s disease, albeit temporary, are useful. In
severe cases in which patients cannot be supported by any other means,
home parenteral nutrition should be considered. In ulcerative colitis,
TPN should be used as an adjunct to preparing patients for sphincter-
saving operation.
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Traveler’s Diarrhea

“Doctor, What Should | Take before
| Leave Home?”

Jutta K. Preiksaitis

1. INTRODUCTION

Travel is often associated with new experiences. Unfortunately, a bout of
debilitating diarrhea is often one of them. Although traveler’s diarrhea
may result in significant personal distress on a business trip, vacation, or
honeymoon, it also has important economic, political, and military ram-
ifications. The agents causing traveler’s diarrhea in affluent travelers from
the industrialized world visiting the tropics are the same agents that result
in significant morbidity and mortality associated with infant diarrheal ill-
ness in developing countries. In this setting, traveler’s diarrhea is a major
public health problem.

2. EPIDEMIOLOCY

Over the years, the syndrome of traveler’s diarrhea has been given a
number of colorful and descriptive names—turista, Montezuma’s
revenge, Aztec two-step (Mexico), GI trots, Gyppy tummy, Spanish flux,
Casablanca crud (Morocco), Aden gut (Yemen), Basra belly (Iraq), turkey

Jutta K. Preiksaitis ® University of Alberta, University Hospital, Edmonton, Alberta, Can-
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trot, Hong Kong dog, Poona poohs, Malta dog, Rangoon runs (Burma),
Tokyo trots, Trotsky’s (USSR), Bombay runs, Ho Chi Minhs, emporiatic
enteritis! The diagnosis of traveler’s diarrhea can be made when a patient
develops acute diarrhea (three or more loose, watery bowel movements
per day) while abroad or shortly after arriving home. Symptoms associ-
ated with the diarrhea include abdominal pain or cramps, fever, nausea
and vomiting, myalgias and arthralgias, headache, fatigue, chills, and
anorexia. Bloody diarrhea is uncommon (less than 1% of diarrheal ill-
ness).' 3 The symptoms experienced will be somewhat dependent on the
agent causing the diarrhea.

The risk of acquiring traveler’s diarrhea is dependent on both where
you are from and where you are going. In a study based on interviews
with 16,568 charter flight passengers returning to Europe from 13 desti-
nations in various climatic regions, Steffen found that for travelers from
highly industrialized nations, three grades of risk for traveler’s diarrhea
could be defined, depending on destination.* Low risk (<8%) was asso-
ciated with travel to the United States, Canada, northern and central
Europe, Australia, and New Zealand. Intermediate risk (8-20%) was
found on most Caribbean islands, major resorts on the Northern Medi-
terranean and in the Pacific, Israel, Japan, and South Africa. High risk
(>20%) was associated with travel to most developing countries in
Africa, Asia, and Latin America.

Risk is also dependent on the traveler’s country of origin. Visitors
from a “low-risk” area traveling to a “‘high-risk™ area appear to be at sig-
nificantly higher risk of developing traveler’s diarrhea than inhabitants of
one high-risk area traveling to another high-risk area. When traveler’s
diarrhea was studied in visitors to a medical congress in Teheran (1968),
only 8% of travelers from tropical countries became ill compared to 41%
of those from countries with a more temperate climate.’ Similar results
were found in a study of microbiologists attending a meeting in Mexico
City in 1970.° The attack rate for Americans, Canadians, and Northern
Europeans was significantly higher than the combined attack rate for
travelers from the Mediterranean, Far East, Africa, and Latin America.
As illustrated by a study of Panamanian tourists in Mexico, among trav-
elers whose country or origin is high risk visiting another high-risk area,
members of upper socioeconomic classes appear to be at greater risk of
developing traveler’s diarrhea.” Travelers from a high-risk area to a low-
risk area, however, are not at any greater risk of developing traveler’s
diarrhea than tourists traveling from one low-risk area to another low-
risk area.?

The risk of acquiring traveler’s diarrhea is also dependent on the
duration of stay. In a study of crew members of the U.S.S. Belleau Wood
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visiting Mexico for two and a half days, 21% of subjects receiving no pro-
phylaxis became infected.” In contrast, when U.S. students in Mexico
were studied over a 3-week period, no cases of traveler’s diarrhea were
seen before the fourth day of the visit, but 61% of subjects not receiving
prophylaxis had developed traveler’s diarrhea by day 21. Between day 3
and 21 the risk was approximately 3.4% per day.'"” In a long-term study
of U.S. students in Mexico, Brown et al.'' found the greatest number of
diarrheal episodes and most cases of diarrhea due to enterotoxigenic
Escherichia coli (ETEC) occurred within the first 2 weeks after arrival in
Mexico. Sporadic episodes of illness occurring after this time were usually
associated with pathogens other than enterotoxigenic E. coli.

Infection with ETEC, usually the most common cause of traveler’s
diarrhea, has been related to exposure to contaminated food. Among U.S.
students newly arrived in Mexico, Tjoa et. al.'* found that the risk of
acquiring traveler’s diarrhea was significantly higher in students who ate
in the school cafeteria, public restaurants, and street vendors compared
to those who ate in private homes and apartments. Ericsson ef al." found
differences in their data and Tjoa’s regarding the risks of developing diar-
rhea in students eating from street vendors. However, they state that only
a small percentage of their students ate from vendors. Their conclusion
is that there is an increased risk of developing diarrhea in people eating
at restaurants, street vendors, and school cafeterias. A study of visitors
attending a conference in Mexico City demonstrated an increased risk of
infection with ETEC in those eating salads.® Vibrio parahemolyticus, a
marine organism known to cause traveler’s diarrhea, has been associated
with the consumption of raw or only partially cooked contaminated
seafood."

Because a large dose of ETEC (10%-10' organisms) is required to
cause illness in man, water is generally believed to be an unlikely source
of infection, as gross contamination would be required to allow trans-
mission of infection to man. Despite this theoretical consideration, at
least three common-source community outbreaks of diarrhea due to
ETEC have been associated with a contaminated water supply, one in an
American national park and two in Tokyo."* The consumption of bottled
beverages, however, does not guarantee protection of the traveler from
water-transmitted enteric pathogens, as evidenced by an outbreak of
typhoid fever in 1972 that was associated with a commercial bottled bev-
erage.' A contaminated water supply also appears to be an important
vehicle in the transmission of Giardia lamblia infection."”

Does dietary discretion prevent the traveler from acquiring diarrheal
illness? The bulk of evidence suggests that traveler’s diarrhea is difficult
to elude. In two studies of travelers attending medical congresses in Mex-
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ico City, no association could be found between diarrheal illness and the
consumption of tap water, iced drinks, salads, vegetables, or raw fruit.>*
In one study, those persons who took the greatest precautions had the
highest attack rate.

3. ETIOLOGY

Although an infectious etiology for traveler’s diarrhea has long been
suspected, prior to the 1970s diarrheal illness associated with travel was
often attributed to climatic changes, the effect of travel on circadian
rhythm, psychological stress, or chilling of the abdomen by cold drinks
or the cooling draft of a fan. However, in 1970, Rowe et al.,'® in a study
of British troops in Aden, first demonstrated the possible role of a strain
of E. coli in producing traveler’s diarrhea. A single serotype of E. coli,
0148:H28, was found in the stool of 19 of 33 soldiers with diarrheal ill-
ness. The pathogenicity of this serotype was subsequently demonstrated
by the accidental infection of a laboratory worker. Later studies showed
that pathogenicity of this and other strains of E. coli is related to the pro-
duction of enterotoxins.

Subsequent studies have shown that ETEC is an important cause of
traveler’s diarrhea in many parts of the world including Mexico, Latin
America, and Africa (Table 1).>'®~2* In many studies ETEC has been iso-
lated in 36-75% of travelers with diarrhea. Although ETEC appears to be
worldwide in distribution, the likelihood that ETEC is the cause of an
episode of diarrheal illness may be dependent on the destination of the
traveler. Eccheverria ef al., in a study of U.S. Army soldiers in South
Korea, found that although 55% of the soldiers developed diarrhea, ETEC
was never identified as the causative agent.”” Relative immunity to infec-
tion with ETEC appears to exist in travelers whose country of origin is a
high-risk area for traveler’s diarrhea. This is illustrated by studies com-
paring the etiological agents causing diarrheal illness in Panamanian
tourists and Latin American students to those causing illness in American
tourists and students in Mexico.™*

E. coli can also cause traveler’s diarrhea by mechanisms other than
toxin production. Enteroinvasive and enteroadherent E. coli are, how-
ever, quantitatively less important than ETEC (Table 1). Conventional
bacterial pathogens such as Shigella and Salmonella are relatively infre-
quent causes of diarrhea in travelers. Shigella has been isolated from
symptomatic individuals with frequencies varying from 5 to 22% and is
usually the second most common cause of traveler’s diarrhea next to
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ETEC. Gastroenteritis due to Salmonella species does occur in travelers,
but more serious infections, such as typhoid fever, are rare.*

Over the past decade, infection with Campylobacter has been rec-
ognized as the most common bacterial cause of acute diarrhea in North
America. Because bacteriological methods for isolation of this pathogen
were not available until the mid-1970s, earlier studies of traveler’s diar-
rhea did not include a search for this organism. More recent studies have
demonstrated that Campylobacter species could be isolated from 4% of
American students with diarrhea in Mexico” and 11% of Panamanian
tourists who developed traveler’s diarrhea in Mexico.” In a study of trav-
eler’s diarrhea in foreign visitors to Bangladesh, Campylobacter jejuni
was isolated in 15% of cases, a frequency equal to that of the Shigella
species.?

Vibrio parahemolyticus colonizes fish and shellfish and causes a diar-
rheal illness when these foods are eaten raw or partially cooked. This a
common practice in Japan and the Far East. Outbreaks of diarrhea due
to V. parahemolyticus have been described on cruise ships in the Carib-
bean.”’ In some areas of the world, V. parahemolyticus may play an
important causative role in traveler’s diarrhea. This was illustrated by a
study in Bangkok, Thailand, where in 31% of all diarrheal episodes, V.
parahemolyticus was identified as the pathogenic organism.'

Over the past decade, viruses, particularly the rotavirus (reoviruslike
agents) and the parvoviruslike agents, have been implicated in the patho-
genesis of acute nonbacterial gastroenteritis. These agents do not grow in
tissue culture, and the diagnosis of infection is dependent on identifica-
tion of the agent either by electron microscopy, by ELISA techniques, or
by serological methods. The significance of viruses as a cause of traveler’s
diarrhea remains unclear. In a study of American students newly arrived
in Mexico, rotaviruses were found in 26% of those with diarrhea, com-
pared to 3% of controls without diarrhea. This suggests a causal relation-
ship.”?® However, many of these students were also infected with bacterial
pathogens, including ETEC. The significance of viruses in traveler’s diar-
rhea may be dependent on the visitor’s country of origin. Whereas ETEC
appears to be the most significant pathogen in traveler’s from a low-risk
area going to Mexico, in one study of Panamanian tourists in Mexico,
41% of traveler’s diarrhea was attributable to either rotavirus or Norwalk
virus, a parvoviruslike agent.’

Parasitic infections are an uncommon 