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=Abstract=Sixty-eight cases of chronic diarrhea in infancy over a 5-year period have 
been analysed with particular reference to differential diagnosis and management. A 
diagnosis was established in 63, the most common diagnoses being lactose intolerance 
(30.9%) and milk allergy (26.5%). Other diagnoses included intestinal lymphangiectasia, 
short bowel syndrome, Salmonella enteritis, inflammatory bowel disease, congenital 
chloridorrhea, adrenogenital syndrome, and ganglioneuroma. A systematic diagnostic 
approach for such specific disease entities was presented. Despite intensive investigation 
a diagnosis could not be established in 5 (7.3%) infants. For differential diagnosis and 
treatment, we observed the responses to fasting and change of formula. 54 (79.4%) 
of the infants responded to more than 24 hours of fasting, 48 (88.9%) of whom showed 
good responses to the changes of formula. The age of onset of diarrhea, body weight 
on admission, and laboratory findings did not influence the outcome of infants with 
chronic diarrhea, but only the interval period from onset to diagnosis did influence 
it. 
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INTRODUCTION 

Diarrheal diseases continue to be the leading 
cause of morbidity and mortality in the world today, 
with estimates of 3 to 5 billion cases per year (an 
average of roughly one per person per year) (Walsh 
et a/. 1979). The burden is especially severe on 
children under the age of 5 years in Asia, Africa, 
and Latin America, with approximately 500 million 
episodes of diarrhea leading to 5 to 18 million dea- 
ths per year (Rhode et a/. 1976). 

A qajor factor of this increased susceptibility 
to diarrheal disease in the young particularly 
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under the one year of age seems to be immaturity 
of the GI defence system according to the recent 
research. 

Infants have been shown to be more suscepta- 
ble to various enteric pathogens and macromole- 
cular penetrations because of the immature intesti- 
nal barrier at the surface of the intestinal mucosa. 

One of the recent studies has shown that the 
newborn rat enterocyte appears to have a strikingly 
increased response to toxin when compared to 
enterocytes from adult controls when fluid secre- 
tion and adenylate cyclase activation are exami- 
ned (Seo et a/. 1989). 

The important pathogenetic mechanism of persi- 
stent diarrhea secondary to acute gastroenteritis 
might be associated with increased cow's milk pro- 
tein penetration through the damaged mucosa in 
addition to decreased disaccharidase activity. 



Chronic diarrhea is defined as diarrhea lasting 
more than 3 weeks and accompanied by a failure 
to thrive in many cases. Chronic diarrhea in infants 
and children often challenges the physician's diag- 
nostic talents and therapeutic means. The clinical 
spectrum of chronic diarrhea is of considerable 
latitude, ranging from relatively benign problems 
to life-threatening illness when accompanied by 
severe nutritional deficiencies. Chronic diarrhea in 
infancy is not so common, but is one of the disea- 
ses that are difficult to manage in clinics. For proper 
management of patients with chronic diarrhea, it 

is necessary to understand the etiologies and pa- 
thophysiologic mechanisms of it. 

Because few reports have dealt with chronic dia- 
rrhea in our country, we performed a clinical study 
on 68 infants with chronic diarrhea, paying particu- 
lar attention to the etiologies, management, and 
outcomes. 

%) of 68 patients. Blood was reported to be present 
in the stools of 6 infants, 4 of which had ~nflamma- 
tory bowel diseases. On admission to the hospital, 
53 infants (78%) weighed less than the 3rd percen- 
tile for their age. None of the patients weighed more 
than the 50th percentile for their age. 

Diagnosis: The commonest diagnoses were lac- 
tose intolerance (30.9%) and milk allergy (26.5%). 
Other causes of chronic diarrhea inclilded condi- 
tions such as intestinal lymphangiectasia, short bo- 
wel syndrome, Salmonella enteritis, inflammatory 
bowel disease, congenital chloridorrhea, adreno- 
genital syndrome and ganglioneuroma. In 5 cases, 
no cause for the diarrhea could be established 
(Table 1). 

Table 1. Diagnosis of 68 infants with chronic diar- 
rhea 

MATERIALS AND METHODS Diagnosis No. of cases O/O 

Between January 1987 and June 1991, 68 
patients were admitted to Seoul National Uni- 
versity Children's Hospital. A patient is defined as 
having chronic diarrhea in infancy if diarrhea 
develops in infancy and persists for longer than 
3 weeks. 

For the differential diagnosis and treatment of 
chronic diarrhea, we observed the responses 
respectively after trying, first, fasting (longer than 
24 hours) with fluid therapy (including TPN), next, 
WHO ORS (oral rehydration solution), and then 
special milk formulas (lactose-free and/or cow's 
milk protein-free). In addition, laboratory tests 
(CBC, LFT, stool examination, stool culture, etc.), 
radiologic tests, and endoscopy were performed. 

RESULTS 

Clinical features: Diarrhea began at less than 3 
months of age in the majority (78%) of the patients. 
In 75% of patients, 5 to 20 bowel movements per 
day were passed during attacks. Only 5.9% of pa- 
tients reported less than 5 per day. In 32 infants 
(47.l0/0), the character of the stools was watery 
diarrhea. Mucoid diarrhea was reported in 16 (23.5 

Lactose intolerance 
Milk allergy 
Intestinal lymphangiectasia 
Short bowel syndrome 
Salmonella enteritis 
Inflammatory bowel 

disease 
Congenital chloridorrhea 
Adrenogenital syndrome 
Ganglioneuroma 
Unknown 

Total 6 8 100.0 

Response to fasting and change of formula: For 
the differential diagnosis and treatment of chronic 
diarrhea, we observed the responses after trying, 
first, fasting for more than 24 hours. 54 (79.4%) 
of the infants responded to fasting, in whom the 
frequency of diarrhea decreased remarkably or the 
diarrhea stopped. For the responders, we tried 
changes of formula (lactose-free and/or cow's milk 
protein-free) and 48 (88.9%) of 54 infants showed 
good responses (Fig. 1). 
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Fig. 1. Response to fasting and change of formula. 

Diagnostic investigations (Table 2): In this study, 
lactose intolerance was defined by improvement 
after discontinuance of milk and a trial with a lac- 
tose-free formula. The stool pH of test was not 
helpful in diagnosis of lactose intolerance and the 
test for reducing substance in stool and the breath 
hydrogen test were not performed. Milk allergy was 
defined by improvement after discontinuance of 
milk and recurrence of symptoms with rechallenge. 
The diagnosis of intestinal lymphangiectasis was 
suspected in a child with persistent loose stools, 
hypoalbuminemia (edema), hypoglobulinemia, lym- 
phocytopenia, steatorrhea, and a failure to thrive. 
Increased intestinal loss of protein from the intrava- 
scular compartment was measured by intravenous 
administration of labeled macromolecule or ran- 
dom fecal a,-antitrypsin concentration. In our se- 
ries, 5 cases of intestinal lymphangiectasis were 
diagnosed by fecal al-antitrypsin (3 cases), '*'I-al- 

Table 2. Diagnostic investigations 

bumin excretion (2 cases), endoscopic biopsy (2 
cases), and lymphangiography (1 case). Short bo- 
wel syndrome developed after a small bowel rese- 
ction due to necrotizing enterocolit~s (3 cases) and 
jejunal atresia (2 cases). In 4 patients who were 
diagnosed as Salmonella enteritis, Salmonella grew 
in the stool culture. Inflammatory bowel disease 
was suspected in infants with intractable bloody 
and mucoid diarrhea, and was confirmed by colo- 
noscopic biopsy which revealed Crohn's disease 
(2 cases) and inflammatory bowel disease of unde- 
termined type (2 cases). Congenital chloridorrhea 
was considered when diarrhea was associated 
with metabolic alkalosis, hypokalemia, and hypoch- 
loremia. Diagnosis was definite if the chloride con- 
tent of the fecal fluid was high. Values in our series 
were between 126 and 167 mEq/L, which were 
more than the sum of sodium and potassium. In 
contrast, the chloride content of the urine was very 
low. On rare occasions, we have seen two infants 
with adrenogenital syndrome presented with an 
acute fulminating diarrhea during the first month 
of life. Additional clues to this diagnosis may be 
found at physical examination (pigmentation and 
virilization). Adrenal insufficiency should also be su- 
spected when the usual therapeutic measures fail 
to control the vomiting and diarrhea or, when there 
are characteristic electrolyte abnormalities (low so- 
dium and high potassium). We experienced one 
patient with VlPoma (tumor secreting vasoactive 
intestinal peptide) who was a 5-year-old girl and 
had a ganglioneuroma in the suprarenal area. 

Diagnostic tests Clues Final Diagnosis 

Stool al-antitrypsin Hypoproteinemia 
Lymphangiography Lymphopenia 

Colonoscopy and biopsy 

Stool chloride amount 

Progesterone level 

Abdominal CT 

Stool culture 

Hypochloremia 
Metabolic alkalosis 

Hyperkalemia 

Hypokalemia 

Intestinal 
Lymphagiectasis 

I BD* 

Congenital 
Chloridorrhea 

CAH** 

Ganglioneuroma 

Salmonellosis 

* IBD: Inflammatory bowel disease 
** CAH: Congenital adrenal hyperplasia 



She had no diarrhea after resection of the ganglio- 
neuroma. 

Factors influencing the outcome of infants with 
chronic diarrhea (Table 3): Accurate weights 
were available at the time of follow-up (more than 
3 months) in 35 of the 68 patients. In order to find 
the factors influencing the outcome of the infants 
with chronic diarrhea, we divided 35 patients into 
two groups; Group I consisted of 22 infants sho- 
wing some degree of weight gain (increase in the 
percentile of body weight for age) and group II 
consisted of 13 infants showing no weight gain 
(no change in the percentile of body weight for 
age). The mean interval period from onset to diag- 
nosis was 2.7 months in group I and 6.2 months 
in group II (p ( 0.05). The mean age of onset of 
diarrhea was 1.8 months in group I and 3.2 months 
in group II (p ) 0.05). The number of infants with 
a weight below the 3rd percentile for their age was 
18/22 in group I and 13/13 in group II (p ) 0.05). 
The number of infants with one of the following 
laboratory findings - hemoglobin (1 0.0 gm%, al- 
bumin (3.0 gm%, cholesterol (70 mg% - was 8/22 
in group I and 9/13 in group II (p ) 0.05). 

Table 3. Factors influencing the outcome of infants 
with chronic diarrhea 

Group I Group II P value 

Interval from onset 
to diagnosis (mo) 2.7 & 1.9 6.2 + 4.1 (0.05 

Age at onset (mo) 1.8 + 1.5 3.2 + 2.8 )0.05 
Body weight ((3P) 
on admission 1 8/22 13/13 )0.05 
Lab findings (Hb(l0, 
Alb(3, Chol(70) 8/22 911 3 )0.05 

DISCUSSION 

Infants with chronic diarrhea often present major 
problems of diagnosis and management. The clini- 
cian's dilemma is usually centered around deciding 
whether or not the child with persistent or recurrent 
diarrhea has an organic disease requiring investi- 
gation and treatment. The differential diagnosis of 

chronic diarrhea in children is extensive and there 
is no substitute for a meticulous clinical assess- 
ment. Chronic diarrhea may be secondary to a 
number of congenital and acquired disorders of 
the gastrointestinal tract,of the liver and of the pan- 
creas, but it can also reflect an underlying metabo- 
lic or endocrine problem, infections elsewhere, imp- 
roper diet, or a drug reaction. 

Larcher et a/. (1977) reported 82 cases of protra- 
cted diarrhea of four or more loose stools per day 
for longer than 2 weeks with infants suffering from 
a failure to thrive. Of these, 33% had celiac disease, 
12% had secondary disaccharide intolerance (po- 
ssibly postinfectious), and 11% had cows' milk pro- 
tein intolerance. Other diagnoses included primary 
sucrase-isomaltase deficiency, Shwachman's syn- 
drome, ulcerative colitis, ganglioneuroma, defective 
opsonization, Staphylococcal pneumonia, and Hir- 
schsprung's disease. In 28%, however, despite in- 
tensive investigation no diagnosis could be establi- 
shed. Avery et a/. (1968) reported 20 infants with 
intractable diarrhea, whose onset was before 3 
months of age. Twelve of these had identifiable 
pathological entities sufficient to explain their prot- 
racted diarrhea; disaccharide intolerance (3 cases), 
cystic fibrosis (2 cases), Salmonella enteritis (1 
case), ulcerative colitis (1 case), perinephric abs- 
cess (1 case), urinary tract infection (1 case), adre- 
nal insufficiency (1 case), ileal stenosis (1 case), 
Hirschsprung's disease (1 case). Eight of the 20 
infants had no identifiable cause for diarrhea of 
such severity and refractoriness, and these babies 
were termed non-specific enterocolitis. Sunshine 
et al. (1977) reviewed the subject and cited 42 
additional cases, in which the largest category (48 
%) consisted of a nonspecific enterocolitis secon- 
dary to an infectious gastroenteritis or cows' milk 
protein intolerance. Lloyd-Still analysed 108 child- 
ren referred for outpatient evaluation of chronic re- 
current diarrhea, the commonest diagnoses were 
chronic nonspecific diarrhea (58.4%), and postinfe- 
ctious diarrhea (22.2%). Other diagnoses included 
celiac disease (8.4%), milk allergy (6.5%), and pri- 
mary sucrase isomaltase deficiency (4.6%). In our 
series, the commonest diagnoses being lactose 
intolerance (30.9%) and milk allergy (26.5%), most 
of which were postinfectious origin. A variety of 



other diagnoses was established such as intestinal 
lymphangiectasis, short bowel syndrome, Salmo- 
nella enteritis, inflammatory bowel disease, conge- 
nital chloridorrhea, adrenogenital syndrome, gang- 
lioneuroma. No patient had celiac disease contras- 
ted with 33.2% (the commonest diagnosis) in the 
reported series of Larcher et al. (1977). Sallon and 
Deckelbaum (1988) reported that in less-develo- 
ped areas, Cryptosporidium was a major pathogen, 
not only in acute but also in chronic childhood diar- 
rhea, and that it might play an important role in 
the interaction between diarrhea and malnutrition. 
We experienced one patient with Cryptosporidium 
who was a 18-month-old boy who had an inflam- 
matory bowel disease. 

Diarrhea is an extremely common cause of mor- 
bidity in infancy. Occasionally, it becomes protrac- 
ted, leading to vicious cycle of malabsorption, mal- 
nutrition, and failure to thrive. Although many me- 
chanisms may contribute to diarrhea, a similar pa- 
thophysiologic syndrome of mucosal atrophy, infla- 
mmation, and malabsorption results. Attention 
should be paid to recognition of malnutrition as 
well as etiologic diagnosis. On admission at this 
hospital 53 (78%) weighed less than the 3rd perce- 
ntile for their age and 3 were clinically marasmic; 
12 weighed less than their birthweight. None of 
the patients weighed more than the 50th percentile 
for their age. Therefore, we found that the majority 
of the infants with chronic diarrhea suffered from 
the vicious cycle of malabsorption, malnutrition, and 
failure to thrive. Larcher et al. (1977) reported that 
all 17 infants weighed less than the 3rd percentile 
for their age in whom a firm diagnosis could not 
be established and diarrhea presented at varying 
intervals after birth. And 15 were clinically maras- 
mic; 8 weighed less than their birthweight. 

Although novel technics have been applied to 
the diagnosis of chronic diarrhea, a well-taken his- 
tory (eg, history of feeding) offers important clues 
to define channeling and to identify priorities in the 
work-up of the patient. A careful history of travel, 
illnesses, medications, development, family history, 
and especially social situation can sometimes pro- 
vide the only clue to the origin of the diarrhea. Much 
important information is gained by plotting the in- 
fant's growth curve with serial measurements of 

weight, height, and weight for height: normal growth 
is not likely to be associated with a process of 
a severe nature. The widely used Gomez classifi- 
cation (Gomez et al. 1955) defines mild (grade I) 
malnutrition as between 75% and 90% of standard 
weight for age; moderate (grade II) as between 
60% and 75%; and severe (grade Ill) as less than 
60% weight for age. Values less than 80% of stan- 
dard weight for height, or values below the fifth 
percentile of the new National Center for Hea-lth 
Statistics (NCHS) standards have been widely used 
as the criteria for chronic malnutrition. 

On physical examination, the general appeara- 
nce of a child with chronic diarrhea can often sepa- 
rate those with benign nonspecific loose stools and 
those with chronic malabsorption and malnutrition. 
The clinical. picture of severe marasmus includes 
lethargy, emaciation, muscle wasting, hypotonia, 
and sunken cheeks, but these signs may be more 
subtle in mild or moderate malnutrition. Occasiona- 
lly, edema, a distended abdomen, and "flaky paint" 
dermatitis are seen, classic signs of kwashiorkor 
(Sinatra and Merritt 1981). 

Laboratory examination of the stool is often ove- 
rlooked, but usually provides far more information 
than most biochemical serum tests in the diagnosis 
of chronic diarrhea. With no equipment other than 
a microscope, the liquid portion of the stool sample 
can easily and quickly be tested for weight, acidity, 
sugars (reducing substances), occult blood, fat glo- 
bules, leukocytes, ova, and parasites. 

Biochemical tests of nutritional status tend to 
be too expensive and limited for most situations, 
but a good initial screen might include a complete 
blood count with differential and red cell morpho- 
logy, serum electrolytes, total protein, and albumin. 
In a hospital setting, serum carotene, calcium, pho- 
sphorous, iron, transferrin, zinc, copper, thyroxine, 
cholesterol, triglycerides, or liver function tests mi- 
ght be among those considered for further investi- 
gation. Stool culture, multiple samples for ova and 
parasites, and a 72-hour collection for fecal fat can 
be done on an inpatient or outpatient basis, al- 
though this may be difficult in infants. 

One of the most important tools for the investiga- 
tion of chronic diarrhea and failure to thrive is hos- 
pitalization for observation of stool pattern and 



weight gain. It is best to leave the infant on the 
diet currently producing the diarrhea. Daily weights, 
careful intake and output records, and serial mea- 
surements of stool weight, pH, and reducing subs- 
tances, will quantitatively document the severity of 
the diarrhea and malabsorption. Occasionally, an 
upper GI contrast series with small bowel follow- 
through, a barium enema, ultrasound studies, a 
small bowel biopsy and duodenal aspirate, sigmoi- 
doscopy, or colonoscopy may be necessary to 
reveal the underlying cause. 

Chronic watery diarrhea and, frequently, failure 
to thrive, are recognized with increasing regularity 
as the result of intestinal disaccharidase deficien- 
cies. These enzyme deficiencies may occur as 
"primary," isolated, and hence, probably hereditary 
disorders, or they may occur secondary to insults 
from a disease of the small intestinal mucosa. Ge- 
nerally, the onset of the diarrhea follows the intro- 
duction of either lactose- or sucrose- and starch- 
containing foods. In addition to obtaining adequate 
clinical information, stools of patients with chronic 
diarrhea should be screened for reducing substan- 
ces (Townley 1966; Davidson et a/. 1970) since 
their increased presence, associated with a stool 
pH of around 5, is indicative of carbohydrate maldi- 
gestion and/or malabsorption. Presence of lactose 
in breast-fed infants is usually a normal occurrence 
up to 4 weeks of age (Davidson et a/. 1970). Disac- 
charides in infants' diarrheal stools may be also 
analyzed by either paper (Barr et a/. 1964) or thin 
layer chromatography (Raadsveld et a/. 1971). A 
quantitative analysis of disaccharidase activities 
(Dahlqvist 1968) can be done on small pieces of 
biopsied small intestinal mucosa to identify the na- 
ture and extent of the disaccharidase deficiencies. 
Recently hydrogen breath test has shown to be 
the most accurate and reliable method for the dia- 
gnosis of lactose intolerance. 

Although recognized since the time of Hippocra- 
tes, cow's milk intolerance has been a topic of 
increasing interest as the effects of widespread 
use of cow's milk-based formulas in infant nutrition 
have become apparent. The manifestations of cow' 
s milk allergy are protean; in addition to diarrhea 
and a variety of other gastrointestinal symptoms, 
they may include respiratory, dermatologic, hema- 

tologic, neurologic, and cardiovascular signs and 
symptoms. From a series of children with cow's 
milk allergy, Lebenthal lists presenting symptoms 
as diarrhea, 88%; vomiting, 44%; abdominal pain 
or colic, 39%; atopic dermatitis, 33%; rhinitis, 31%; 
asthma, 31%; urticaria, 13%; and anaphylaxis, 12%. 
Cow's milk allergy usually occurs before tile age 
of 6 months, but diagnosis is not always clearly 
documented, leading to reports of incidence ra- 
nging from 0.3% to 7.5% (Bahna and Heiner 1978; 
Gerrard et a/. 1973). This is partly due to the difficu- 
lty of fulfilling the strict criteria of Goldman et a/. 
(1963): (1) symptoms subsiding after milk elimina- 
tion; (2) symptoms occurring within 48 hours follo- 
wing a trial feeding of milk; (3) three such positive 
challenges similar in onset, duration, and clinical 
features; and (4) symptoms subsiding following 
each challenge reaction. In as much as many wor- 
kers (Walker-Smith 1975; Walker-Smith et a/. 1978) 
feel that three challenges are impractical, an alter- 
native approach to diagnosis is serial intestinal bio- 
psies after a single challenge, yielding a mucosal 
villous atrophy of varying severity which resolves 
on milk-free diet (lyngkaran et a/. 1978; Shiner et 
a/. 1975). However, in view of the diverse pathoge- 
nesis and manifestations of the disease, abnormal 
morphologic findings during small bowel biopsy are 
neither specific nor consistently detectable (Hill et 
a/. 1979; Shiner et a/. 1975). A large number of 
immunologic tests have been reported to be varia- 
bly abnormal in cow's milk intolerance, including 
skin tests (Goldman et a/. 1963), hemagglutinin and 
milk precipitin antibodies (Freier et a/. 1969), secre- 
tory coproantibodies, eosinophilia, elevated serum 
immunoglobulin E (IgE) levels, and positive radioal- 
lergosorbant test (RAST) (Wraith et a/. 1979), im- 
mune complexes, leukocyte histamine release, ly- 
mphoblast transformation, and lymphokine produc- 
tion (Bahna 1978). However, most of these tests 
have poor sensitivity and specificity, and no single 
simple test that can easily be performed has gai- 
ned wide acceptance. Cow's milk allergy may be 
due to early exposure to cow's milk protein at a 
time when there is excessive intestinal antigenic 
uptake of macromolecules (Galant 1976; Walker 
and lsselbacher 1974); thus it may be prevented 
by breast-feeding through the first months of life. 



lncreased macromolecular transport may also oc- 
cur after an episode of infectious diarrhea (Gruskay 
and Cooke 1955), producing a secondary cow's 
milk intolerance (Harrison et a/. 1976; lyngkaran 
et a/. 1979). This may prolong the duration of muco- 
sal damage during refeeding, leading to secondary 
lactase deficiency, lactose malabsorption, malnutri- 
tion, and failure to thrive (Kuitunen et a/. 1975). The 
main fractions of protein in cow's milk, P-lactoglo- 
bulin, a-lactalbumin, albumin, casein, and y-globulin, 
are all demonstrably antigenic, and may be proce- 
ssed by partial digestion into as many as 100 or 
more additional different antigenic protein fragme- 
nts (Eastham and Walker 1968). 

A diagnosis of intestinal lymphangiectasis might 
be suspected in a child with persistent loose stools, 
hypoalbuminemia (edema), hypoglobulinemia, stea- 
torrhea, and failure to thrive (Amirhakimi etal. 1969). 
Intestinal lymphangiectasis should be thought of 
in the presence of chylous ascites andlor periphe- 
ral lymphedema; lymphocytopenia invariably is 
present when chyle is lost either into the intestinal 
lumen or into the peritoneal cavity (Camiel et a/. 
1970). Increased intestinal loss of protein from the 
intravascular compartment can be measured after 
the intravenous administration of labeled macro- 
molecule: 5'Cr-albumin (Waldmann et a/. 1969), 
67Cu-ceruloplasmin (Waldman et a/. 1967) and 59Fe- 
dextran (Jarnum et a/. 1968). Recently random fecal 
a,-antitrypsin concentration has been employed to 
detect protein-losing enteropathy in children with 
various gastrointestinal mucosal disorders (Thomas 
et a/. 1981), acute diarrhea (Maki et a/. 1982), and 
Crohn's disease (Thomas et a/. 1983). Other studies 
have shown a close relationship between fecal 
clearance of a,-antitrypsin and enteric protein loss 
measured by 5'Cr excretion (Bernier et a/. 1978; 
Florent et a/. 198 1 ; Hill et a/. 198 1). A small intestinal 
peroral suction biopsy is usually diagnostic. 

Recently, with the advancement of the techno- 
logy, smaller calibered pediatric gastrofiberscope 
has been widely used and partly replaced blind 
peroral small intestinal suction biopsy, and found 
to be useful for the diagnosis of intestinal lympha- 
ngiectasis. 

Extensive ileal resection causes marked steator- 
rhea by two principal reasons: firstly, there is mar- 

ked bile acid malabsorption resulting in a small, 
inefficient bile acid pool, particularly if the liver is 
unable to compensate for bile acid loss by new 
synthesis; secondly, the decrease in surface area 
for the absorption of fatty acid is perhaps a more 
critical factor for the development of marked stea- 
torrhea. It is interesting that the diarrhea of patients 
with large ileal resection and steatorrhea is asso- 
ciated with an increased fecal output of hydroxy- 
fatty acids, which probably have a causal relation- 
ship to the diarrhea. Diarrhea and steatorrhea ,then, 
should respond well to the substitution of dietary 
medium-chain triglycerides for long-chain triglyceri- 
des and this has been demonstrated. 

Infectious diarrhea due to various strains of Sal- 
monella continues to be a public health problem. 
Because the highest specific attack rates are for 
infants and children, pediatricians should be conti- 
nuously aware of this problem. Further, most con- 
tact cases may be found among young children, 
and it should be remembered that frequently pets, 
such as dogs and turtles, as well as animal feeds 
may be carriers of Salmonella organisms. In spite 
of previous antibacterial treatment, recurrent Sal- 
monellosis should be borne in mind and a search 
for this etiology should be pursued in a patient 
with a past history of Salmonellosis. Diarrhea due 
to Salmonellosis can be bloody and associated 
with systemic manifestations such as fever, rash, 
arthritis, spondylitis. 

The prevalence of inflammatory bowel disease 
among children has not been ascertained and the 
etiology is still unknown. Ulcerative colitis may oc- 
cur in any age group and has been observed in 
newborns and early infancy. Crohn's disease is co- 
nsidered quite rare below the age of 8 to 9 years, 
but has to be looked for and differentiated from 
ulcerative colitis when chronic diarrhea, intermitten- 
tly bloody stools, weight loss, crampy abdominal 
pains, and fever are present. Colonoscopy and ra- 
diologic examination of the colon are helpful for 
correct diagnosis, but exact differentiation of ulce- 
rative colitis and Crohn's disease is not always 
possible as in our two infants who showed the 
pathologic, radiologic, and clinical characteristics 
of both disease entities. 

Congenital chloridorrhea is a rare condition, 



for it has been described in less than 10 patients. 
It is characterized by watery diarrhea which may 
be present soon after birth or develop in the mon- 
ths to follow. It is considered when diarrhea is as- 
sociated with metabolic alkalosis, hypokalemia, 
and hypochloremia. Diagnosis is definite if the chlo- 
ride content of fecal fluid is high. Values of chloride 
are between 50 and 150 mEq/L during the first 
months and reach 110 to 180 mEq/L subsequently. 
Normal stools contain 6 to 17 mEq/L of chloride 
anions. Values of chloride in diarrheal stools in other 
disorders never approach the figures noted in this 
condition. In fact, in the acidic liquid stools of this 
familial entity, chloride is more than the sum of so- 
dium and potassium. In contrast, the urine is practi- 
cally chloride-free. There seems to be a defect 
in the double ion exchange model (Na--H-; CI-- 
HC03-) in the ileum, in that there is a normal Nap- 
H- exchange, but a poor CIp-HCOL exchange 
because chloride cannot be transported against 
an electrochemical gradient. Consequently, the co- 
ntent of chloride in the stool is very high, that of 
bicarbonate low, and consequently the pH of the 
stools tends to be low. A high 060  mV) transmural 
electrical potential difference of the rectum (nega- 
tive to the mucosa) should be diagnostic for this 
condition, provided that one component of the po- 
tential difference is chloride dependent. 

Watery diarrhea syndrome (WDS) has been re- 
ported in all age groups (Bloom et al. 1980; Hansen 
.et al. 1980; Mekhjian and O'Dorisio 1987; Mitchel 
et al. 1976), and virtually all patients have presented 
with watery diarrhea and hypokalemia. Several pa- 
tients have presented with incontinence. Fecal los- 
ses while fasting have been at least 20 ml per 
kilogram per day and in most cases exceed 50 
ml per kilogram per day (Long 1983). Fecal osmo- 
larity is entirely accounted for as twice the sum 
of the concentrations of sodium and potassium. 
Steatorrhea is not a feature of the syndrome 
(Mekhjian et al. 1987). Hypochlorhydria is seen in 
about 70 percent of patients, hyperglycemia in 20 
to 50 percent, and hypercalcemia in 20 to 50 per- 
cent. Flushing is present in about 20 percent and 
is frequently intermittent, indicating that hormone 
release by the tumor is also sporadic (Mekhjian 
et a/. 1987). In the pediatric age group, most of 

the VlPomas so far described are ganglioneuromas 
or ganglioneuroblastomas (Long 1983). The tumors 
have been found in the neck, thorax, and suprare- 
nal and pelvic areas. Surgery offers the only possl- 
ble cure for VIPoma. It has been estimated that 
70 percent of childhood VlPomas are resectable 
(Long et a/. 1981; Long 1983). Preoperative stabili- 
zation of fluid and electrolyte balance is critical. 
It  has been shown that with successful resection, 
VIP levels fall to normal within hours postoperatively 
(Funato et al. 1982). Recently we experienced a 
five year old girl with VlPoma in whom a ganglio- 
neuroma in the suprarenal area was found and 
resected with complete recovery from the persis- 
tent diarrhea. 

The bas~c principles of the treatment of d~arrhea 
are nutritional, replenishing not only sodium, potas- 
sium, and water losses, but also, protein, calor~e, 
and other nutrient stores. Although complex calcu- 
lations of sodium and potassium maintenance and 
deficit requirements were made (Smith and Ettel- 
dorg 1961; Weil 1969), less attention was paid to 
protein and calorie needs, and infants were subjec- 
ted to a prolonged fast for 'bowel rest.' This con- 
cept has been questioned (Chung 1948; Chung 
and Viscorova 1949), and recent evidence sugge- 
sts that both gut vrllous morphology and d~saccha- 
ridase activ~ty improved faster when st~mulated by 
early enteral feedings than with prolonged 'bowel 
rest' and intravenous alimentation (Greene et al. 
1975). The somewhat traditional concept of ' res- 
ting the bowel' of infants with diarrheal states con- 
tinues to be attractive, but there is no clear evide- 
nce that this approach is therapeutically beneficial. 
On the contrary, there is now clear evidence that 
intramural substrates exert a trophic effect on the 
small intestinal mucosa and that this effect may 
be mediated by certain gastrointestinal hormones 
such as gastrin. 

Oral glucose-electrolyte solutions have been 
used increasingly as initial therapy in diarrhea and 
dehydration due to a wide var~ety of Infectious age- 
nts (Santosham et a/. 1982). They contain simple 
monosaccharides and minerals which are usually 
absorbed by active transport across partly dama- 
ged gut mucosal surfaces without normal villi (Hir- 
schhorn and Denny 1975). However, the caloric 



value of clear liquids is low, and they contain no 
protein source that can be used to heal damaged 
gut epithelium. Therefore, clear liquids alone should 
not be used for more than a few days without the 
provision of additional calorie or nitrogen sources. 

Oral elemental diets containing simply monosac- 
charides, amino acids, and safflower oil (eg, Prege- 
stimil) are essentially completely predigested and 
are usually well tolerated by infants no matter how 
badly the gut is damaged (Sherman et a/. 1975). 
However, as their high osmolarity may provoke an 
osmotic diarrhea, elemental diets must usually be 
diluted for use in infants. Other elemental formulas 
containing casein hydrolysates (short-chain poly- 
peptides), medium-chain triglycerides (eight- to ten- 
carbon synthetic fatty acids which can be absor- 
bed without bile acids or micelles), and sucrose 
or glucose polymers instead of lactose, can be 
tailored to the individual patient's absorptive capa- 
cities as tested by tolerance or breath tests. These 
elemental formulas, claimed to be hypoallergenic, 
are also useful if the problem involves milk or soy 
protein allergy. If bolus feedings cannot be tolera- 
ted, a slow continuous drip through a nasogastric 
tube may be tried. 

Larcher et a/. (1977) proposed that the 'chicken- 
based feeding regimen' is a highly effective form 
of dietary treatment in those infants with chronic 
diarrhea. It contains a hypoallergenic protein 
source, essential fatty acids, and excludes the sac- 
charides lactose and sucrose; carbohydrate is inc- 
luded in the form of glucose polymer, Gastrocalo- 
reen. The formula provides all the essential nutrients 
required for optimal growth, is a relatively low os- 
molar feed, is well tolerated by infants, and is 
cheap. 

Although oral elemental formulas will be sufficient 
in most cases, occasionally total parenteral nutri- 
tion may be necessary if diarrhea and malabsorp- 
tion continue (Gunn et a/. 1977). Parenteral nutrition 
may be life saving in marasmic infants and, unless 
there is a rapid response to dietary treatment, 
should probably be started at an early stage. Peri- 
pheral administration of protein dextrose solutions 
with fat emulsions have been used to provide mai- 
ntenance calories. However, this does not allow 
the large amount of extra calories to be administe- 

red, up to 200 kcallkgld or more, which an extre- 
mely malnourished infant or child might require for 
growth. Therefore, placement of a central venous 
catheter for infusion of hypertonic solutions beco- 
mes necessary for treatment of prolonged diarrhea 
or severe malabsorption problems. The presence 
of an indwelling catheter for prolonged periods has 
raised appropriate concern over the high rates of 
infection observed in early studies, but the use of 
silastic catheters, strict aseptic technique, and inc- 
reased experience has lowered complications to 
acceptable levels. Complications of parenteral nut- 
rition, however, are far more likely to occur in seve- 
rely malnourished infants, particularly septicemia 
and hypophosphatemia. Hypophosphatemia may 
result in hemolytic anemia, and peripheral hypoxia 
leading to convulsions and sometimes coma, and 
may also result in defective phagocytic function, 
and thus predispose to sepsis during parenteral 
nutrition. 

Drug treatment of chronic diarrhea in children 
is usually not warranted. No advantage has been 
found in giving antibiotics in diarrhea due to E. coli, 
Salmonella, or nonspecific infections (Garcia et a/. 
1974); Shigella is the specific exception. Intestinal 
paralytic agents, such as diphenoxylate-atropine 
(Lomotil), may relieve symptoms -by decreasing fluid 
transit through the gut, but without reducing secre- 
tion. The excess water will instead tend to pool 
in distended loops of bowel, masking dehydration 
and delaying the usual excretion of infectious orga- 
nisms. Absorbants such as kaolin-pectin suspen- 
sion (Kaopectate) may actually cause increased 
sodium and potassium losses. Bismuth subsalicy- 
late (Pepto-Bismol) has recently been shown to 
be of use in traveller's diarrhea, possibly by enhan- 
cing the mucosal barrier or by affecting prostaglan- 
dins, but the large quantities necessary may put 
young infants at risk for toxic salicylism. Other com- 
mon antidiarrheal agents are probably useless and 
may actually prolong diarrhea and be hazardous 
in young children (Portnoy et a/. 1976). 

In the present series of patients, the age of onset 
of diarrhea, body weight on admission, and labora- 
tory findings did not influence the outcome of infa- 
nts with chronic diarrhea. Only the interval period 
from onset to diagnosis did influence the outcome. 



Larcher et a/. (1972) reported that overall morta- 
lity was 5%, much improved over the earlier expe- 
rience of Avery et a/. (1968) of 45% mortality, and 
this improvement was attributed to the use of an 
elemental chicken-based formula. Sunshine et a/. 
(1977) reported that mortality was 28%. Other repo- 
rts of persistent diarrhea in infants claim much re- 
duced morbidity and mortality with ~mproved me- 
thods for delivery of oral or intravenous alimenta- 
tion. In this study, three infants expired, and the 
mortality was 4.4%, which was similar to the report 
of Larcher et a/. (1977). 

Rehabilitation from severe chronic diarrhea with 
protein-calorie malnutrition requires a long, expen- 
sive hospitalization, with not inconsiderable morbi- 
dity and mortality. If diarrhea does develop, proper 
attention to the infant's nutritional needs by the mo- 
ther and the physician and avoidance of prolonged 
iatrogenic starvation on clear liquids or diluted for- 
mulas will prevent further deterioration into the vi- 
cious cycle of malnutrition, infection, and malabsor- 
ption. 

Increasing evidence is being accumulated on 
the anti-infective properties of breast milk (Welsh 
and May 1979) and specific protection against Sal- 
monella, rotavirus, and E, coli has been demonstra- 
ted. Even in the United States, fewer hospitaliza- 
tions and infectious illnesses were found in infants 
breast-fed for prolonged periods. Obviously, cow's 
milk intolerance will not be 9 problem in exclusively 
breast-fed infants, but there is some evidence that 
other allergic illness is also prevented. 

Conclusively chronic diarrhea in infancy is most 
commonly caused by lactose intolerance and milk 
allergy. Systemic diagnostic measures should be 
embarked upon as soon as chronic diarrhea is 
recognized in order that any treatable underlying 
condition may be identified and dealt with before 
changes in the intestinal tract become irrevocable. 
Diagnosis of chronic diarrheal disease should inc- 
lude a careful dietary history, attention to signs of 
malnutrition and specific tests. Management is 
chiefly directed at providing adequate nutrition th- 
rough oral elemental diets or total parenteral nutri- 
tion. About 70% of infants with chronic diarrhea 
responded to fasting and change of formula. The 
outcome of infants with chronic diarrhea was influe- 

nced significantly by the interval period from onset 
to diagnosis. Therefore, early referral to experien- 
ced centers is most important for the sake of the 
infant's future normal growth and development. 
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