
Abdominal Pain and Vomiting  
in the Infant

Abdominal pain with vomiting is a common presenting complaint to the emer-
gency department (ED) in infants. In the majority of cases, the patient’s symptoms 
come from a benign cause such as gastroenteritis. However, it remains essential 
for the emergency physician (EP) to thoroughly understand the differential diag-
nosis of abdominal pain and vomiting in infants, particularly identifying those 
causes requiring surgical intervention.1-3 This article will discuss seven key causes of 
abdominal pain and vomiting in infants: malrotation with volvulus, necrotizing 
enterocolitis, Hirschsprung’s disease, pyloric stenosis, intussusception, appendicitis, 
and acute gastroenteritis. A summary of the presenting age and frequency of each 
condition is displayed in Table 1 for quick reference.

—The Editor

Introduction
A review of gastrointestinal (GI) tract development is essential to understand 

the pathophysiology of acute abdominal processes occurring in the infant.  At 
approximately the fourth to fifth week of development, the midgut begins 
to develop, extending from the anterior intestinal portal to the yolk sac. As 
the gut develops, it initially extrudes into the umbilical cord between weeks 
five and 10. The bowel then rotates counter-clockwise through a path of 270 
degrees around the superior mesenteric artery, ultimately attaching to the pos-
terior abdominal wall at about the fourth to fifth month of development. The 
ascending and descending colon normally attach and anchor to the right and 
left abdominal gutters, respectively. It is during this period that failure of the 
normal process of rotation and fixation of the intestine can lead to malrotation 
and predispose to volvulus in infancy. In such cases, the colon develops abnor-
mal attachments to the right side of the retroperitoneum, commonly referred 
to as Ladd’s bands, which may cause duodenal obstruction and also allow for 
the bowel to twist upon its mesentery.5-7 Furthermore, during the first trimester 
of development, neural crest cells migrate distally from the central neurologic 
structures toward the anal end of the intestinal tract. Enteric nervous system 
precursor cells ultimately develop from these neural crest cells, allowing for the 
development of the enteric nervous system. Failure of this migration of neural 
crest cells can cause Hirschsprung’s disease in infancy.8

Malrotation with Volvulus
Etiology. Malrotation represents any failure during development of the 

normal rotation pattern, leading to a congenitally abnormal position of the 
bowel within the abdomen. Subsequently, the poorly attached intestine is at an 
increased risk of twisting, producing a volvulus, which can lead to obstruction. 
It is important to recognize that malrotation itself is not a condition requiring 
emergent surgical management; it is only when patients develop acute intestinal 
obstruction from volvulus that emergency surgery is needed.3-7,9
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Malrotation can occur as an iso-
lated phenomenon; however, it 
is also associated with a number 
of congenital syndromes, such as 
Cornelia de Lange syndrome, cat-eye 
syndrome, or Marfan syndrome. This 
condition also frequently occurs with 
other gastrointestinal abnormalities, 
such as duodenal stenosis or atresia, 
Hirschsprung’s disease, omphalocele, 
and gastroschesis.9

Epidemiology. Malrotation occurs 
in approximately one in every 500 
births, with one in every 5000 births 
developing volvulus and becom-
ing symptomatic. While infants may 
present any time, approximately 80% 
of cases of malrotation with volvulus 
occur within the first month of life. 
Of infants who develop this condi-
tion within the first month of life, 
the majority will present within the 
first week of life.7

Presentation. The classic presen-
tation is one of a sudden onset of 
vomiting, apparent abdominal pain, 
and difficulty feeding. As a result of 
the intestinal obstruction, infants 
develop bilious vomiting, which is 
a hallmark feature of malrotation 
with volvulus. Other symptoms 
that may be seen include diarrhea, 
constipation, and hematochezia. In 
infants with advanced disease, signs 
and symptoms of peritonitis may 
be present, as well as hemodynamic 
compromise.3,7

Laboratory Studies and 
Diagnostic Imaging. Routine 
laboratory studies are often sent, 
such as a complete blood count, 
basic metabolic panel, and type and 
screen. However, these tests are not 
helpful in making the diagnosis of 
malrotation with volvulus. Routine 
abdominal radiographs also may 
not be helpful. In confirmed cases 

of malrotation with volvulus, plain 
abdominal X-rays may demonstrate 
a variety of findings, from obstruc-
tion to a normal bowel gas pattern.3 
Findings on radiograph that increase 
concern for malrotation are those 
that suggest an abnormal anatomi-
cal location of the bowel, such as the 
“double bubble” sign when duode-
nal dilation is present.7 

The upper GI series is the imaging 
reference standard for the diagno-
sis of malrotation with or without 
volvulus, with sensitivities as high 
as 93-100%. Malrotation with vol-
vulus is suspected when there are 
signs of proximal intestinal obstruc-
tion — such as an abrupt end to the 
contrast material within the bowel 
— and an abnormal location of the 
duodenal junction. At the point of 
obstruction, one may see a “beaked” 

or “corkscrew” appearance. Other 
signs indicating proximal intestinal 
obstruction may include a Z-shaped 
configuration of the duodenum 
secondary to obstructing peritoneal 
bands.3,7,9 (See Figure 1.)

In the event that the upper GI 
series is inconclusive, other imaging 
studies may be used. If an ultrasound 
is performed, special attention should 
be paid to the relationship between 
the superior mesenteric vein and mes-
enteric artery. Normally, the vein is to 
the right of the artery. In malrotation, 
the vein is to the left of the artery or 
rotates around the artery as a result 
of the bowel twisting on its axis. 
Additionally, a volvulus may appear 
as a “whirled” appearance of vascu-
lature entering and within the vol-
vulus, referred to as the “whirlpool” 
sign. Computed tomography may be 

 z Bilious vomiting is a hallmark feature of malrotation 
with volvulus.

 z NEC is a disease in neonates associated with prematurity 
and hypoxia, occurring in up to 12% of infants weighing 
less than 1500 grams. 

 z The cardinal presenting symptom in Hirschsprung’s dis-
ease is delayed passage of meconium.

 z Lethargy is a common presentation of intussusception.

Executive Summary

Table 1. Presenting Age and Frequency of Conditions 
Causing Abdominal Pain and Vomiting in Infants

Condition Presenting Age Frequency
Pyloric stenosis 3rd - 8th week of life 2-4 per 1000 births

Intussusception
3rd month - 5th year of 
life (most common in 
1st year of life)

18-56 per 100,000 births

Necrotizing 
enterocolitis

1st - 10th day of life
12% of babies under 1500 g
10% of all cases in term

Malrotation  
with volvulus

Any age
80% within first month 
of life

Malrotation: 1 per 500 births; 
malrotation with volvulus: 1 
per 5000 births

Gastroenteritis Any age
3.7 million physician visits in 
the United States annually

Hirschsprung 
disease

First days of life 1 per 5000 births

Acute appendicitis

Any age; < 5% younger 
than 5 years, most 
frequent in 2nd 
decade of life

86 per 100,000 patients per 
year
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used in challenging cases and can be 
helpful in evaluating malposition of 
the bowel as well as the relationship 
between the superior mesenteric vein 
and arteries.3,7

Treatment. Malrotation with vol-
vulus is a surgical emergency. When 
the diagnosis is either suspected based 
on a history of bilious vomiting or 
confirmed via imaging studies, infants 
should be aggressively resuscitated. 
Pediatric surgical consultation should 
be obtained emergently, even prior 
to definitive imaging, since volvulus 
can result in necrotic bowel within 
hours. Intra-operatively, the volvulus 
is untwisted, and any necrotic sections 
of bowel are resected. Furthermore, 
any obstructing bands within the 
abdomen are lysed, and the bowel 
is fixed in an appropriate location. 
As the appendix is commonly in an 
abnormal position in patients with 
malrotation, appendectomy is fre-
quently performed during this proce-
dure as well.5,10

Necrotizing Enterocolitis
Etiology. While the exact pre-

disposing cause of necrotizing 
enterocolitis (NEC) is not known, 
this condition is characterized by an 
inflammatory process of the neo-
natal bowel wall that often involves 
necrosis. In term infants, NEC is 
nearly always associated with a pre-
cipitating event, such as asphyxia, 
congenital heart disease, abdominal 
wall defects, neural tube defects, 
polycythemia, and anoxia, to name a 
few. This condition is characterized 
by a necrotic section of intestine, 
leading to accumulation of gas in 
the submucosa of the bowel. NEC 
may present at any point within the 
neonatal gastrointestinal system, but 
is most commonly seen involving the 
jejunum, ileum, and cecum, leading 
to a presentation of disease in the 
right lower quadrant.1,11-13

The marked intestinal inflamma-
tion leads to disruption of the func-
tion of intracellular tight junctions 
in the intestinal epithelium. As a 
result, infants with this condition are 
at high risk for third-spacing fluid in 
the abdomen and intra-abdominal 
sepsis.13

Epidemiology. NEC is a disease in 
neonates associated with prematurity 
and hypoxia, occurring in up to 12% 
of infants weighing less than 1500 
grams. This condition is much less 
common in term infants, with only 
10% of cases being in babies born at 
term. NEC is the most common gas-
trointestinal emergency in premature 
and newborn infants, and while it is 
largely a disease seen and managed 
in the neonatal intensive care unit 
(NICU). The fact that it can occur in 
term infants makes this an important 
condition for emergency physicians 
to understand. When seen in term 
infants, it most commonly presents 
within the first 10 days of life, but in 
rare cases can present in infants up to 
several months of age.1,11-13 

Presentation. The first signs of 
NEC are nonspecific and, thus, 
subtle, and include poor feeding tol-
erance and abdominal distension. As 
the disease progresses, the abdomen 
may become tender to palpation, 
suggestive of peritonitis. As a result 
of the inflammation of the gastroin-
testinal tract, motility is decreased, 
leading to vomiting, which may be 
bilious in severe cases. Stools, while 
normal in the majority of cases, 
may demonstrate occult blood in 
early cases and frank blood in more 
advanced cases.1,11,12

Laboratory Studies and 
Diagnostic Imaging. Laboratory 
findings that are more common in 
NEC include elevated C-reactive 
protein, thrombocytopenia, elevated 
or decreased white blood cell count 
(WBC), and acidosis.14 However, 
none of these tests are of high 
enough sensitivity or specificity to 
confirm the diagnosis. 

Radiologic studies are the best 
modality for making the diagnosis. 
Plain X-ray films of the abdomen are 
the first and best imaging study, with 
dilated bowel loops suggestive of this 
condition, and pneumatosis intesti-
nalis (air in the bowel wall) pathog-
nomonic for NEC. (See Figure 2.) In 
severe cases in which there has been 
perforation, pneumoperitoneum may 
be present.

Ultrasonography has limited utility 
in necrotizing enterocolitis. Ascites 
and hyperemia of the bowel are most 
suggestive of this condition, but may 
be non-specific findings. In advanced 
cases, ultrasound may demonstrate 
intra-abdominal fluid with debris 
consistent with perforation.15

Treatment. Necrotizing entero-
colitis requires aggressive treatment, 
including fluid resuscitation and 
bowel rest. Enteral feeds should be 
stopped, and gastric decompression 
with a nasogastric or orogastric tube 

Figure 1. Malrotation with Volvulus

Two images from an upper GI study demonstrating lack of transit of 
contrast from the stomach and duodenal bulb into the proximal small bowel 
with corkscrew configuration of the proximal duodenum consistent with 
malrotation with volvulus. Images courtesy of Casey Grover, MD.
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should be performed. As injury to 
the bowel lumen predisposes the 
patient to bacterial translocation 
across the injured bowel wall with 
subsequent infection, broad-spectrum 
antibiotics should be initiated. In 
infants who deteriorate with medical 
management, surgical intervention 
is needed. Specific signs that indicate 
the need for surgical management 
include intestinal gangrene, clinical 
deterioration, abdominal wall edema 
or erythema, worsening pneumatosis 
intestinalis or portal venous gas, or 
worsening acidosis.1,11,12 

Hirschsprung’s Disease/
Intestinal Aganglionosis

Etiology. Hirschsprung’s disease 
(HD) is characterized by a lack of 
normal migration of ganglion cells in 
the myenteric and submucosal plexus 
of the intestine. As a result of this 
deficit of intestinal neurons, colonic 
motility is markedly impaired, lead-
ing to obstruction. In approximately 
75% of cases, the extent of neural 
crest cells is near normal, and only 
the rectum is affected. While HD is 
generally confined to the colon, in 

rare cases the small bowel and even 
the entire gut may be affected.8,16

Down syndrome increases the 
risk of Hirschsprung’s disease by 
100-fold as compared to the general 
population.17 Variability exists in the 
length of gut affected in this condi-
tion, with total colonic aganglionosis 
(TCA) being the most severe form. 
TCA is estimated to occur in 5% to 
15% of all cases of Hirschsprung’s 
disease.18

Epidemiology. HD is the most 
common congenital disorder of 
intestinal motility, and is estimated 
to occur in one out of every 5,000 
births. Approximately 80-90% pres-
ent in the neonatal period. This 
discussion will only focus on presen-
tation in neonates. Hirschsprung’s 
disease is more common in male 
infants, and appears to have dif-
ferential incidence based on ethnic 
heritage, occurring less frequently 
in Hispanic and white patients and 
more frequently in African-American 
and Asian patients.17 

Presentation. Initial symptoms 
may include constipation, abdomi-
nal distention, and vomiting. The 
cardinal presenting symptom in HD 
is delayed passage of meconium. 
Nearly all normal infants will pass 
stool within the first 24 hours of 
life. By comparison, more than 90% 
of patients with HD will fail to pass 
meconium within the first 24 hours 
of life. A rectal examination may 
reveal a tight anus and may also 
allow for the passage of meconium in 
an infant with HD.8,16,19

Between 5% and 44% of patients 
may develop Hirschsprung-
associated enterocolitis, which is 
characterized by foul-smelling diar-
rhea, abdominal distension, and 
fever. This condition should be rec-
ognized quickly, as in severe cases, 
infants may develop toxic mega-
colon. Signs of toxic megacolon 
include marked abdominal disten-
sion, bile-stained vomit, fever, and 
shock.8,19

Laboratory Studies and 
Diagnostic Imaging. As with many 
of the conditions producing abdomi-
nal pain in infants, basic laboratory 
studies are not specific for making 

the diagnosis. Plain abdominal radio-
graphs can be obtained initially and 
may demonstrate gaseous colonic 
dilation with an undilated rectum. 
Contrast enema also may be used in 
the initial work-up, predominantly to 
differentiate HD from other causes 
of lower intestinal obstruction. 
Findings on contrast enema that are 
suggestive of this disease include an 
abrupt change in caliber of bowel 
size from the normal-sized agangli-
onic segment to the dilated colon 
proximal to the aganglionic segment. 
Contrast enema is estimated to have 
a 76% sensitivity and 97% specificity 
for the diagnosis of HD.8,19

A definitive diagnosis of 
Hirschsprung’s disease requires 
more specific testing. Anorectal 
manometry allows for the measure-
ment of pressures of the anorectal 
region and, thus, of the functioning 
of the sphincters of the intestine. 
Furthermore, this test can be used to 
look for the presence of the rectoanal 
inhibitory reflex (RAIR), a finding 
that is absent in infants with HD.8,19

Finally, histopathologic analysis of 
rectal tissue to evaluate for presence 
or absence of intestinal ganglionic 
cells remains the gold standard in 
the diagnosis of Hirschsprung’s 
disease.8,19

Treatment. In patients with 
Hirschsprung-associated enterocoli-
tis, infants should receive immediate 
fluid resuscitation and antibiotics 
should be started. A pediatric sur-
geon should be emergently con-
sulted, and the intestine should be 
decompressed.

Treatment of Hirschsprung’s dis-
ease is surgical. Initially, a diverting 
ostomy is done to bypass the agan-
glionic segment causing obstruction. 
A second operation is performed 
later, in which the affected bowel is 
removed with anastomosis of func-
tional bowel to the anus.8,19

Pyloric Stenosis
Etiology. This condition results 

from hypertrophy of the pyloric 
muscle at the distal end of the stom-
ach. The muscular enlargement 
causes narrowing of the pyloric chan-
nel, which leads to gastric outlet 

Figure 2. Necrotizing 
Enterocolitis

Plain film of the abdomen 
demonstrating intramural air 
(pneumatosis intestinalis) in the 
right lower abdomen, consistent 
with necrotizing enterocolitis. Image 
courtesy of Casey Grover, MD.
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obstruction. While the exact etiology 
of this disease has not been eluci-
dated, there are several factors that 
have been implicated in the develop-
ment of pyloric stenosis. First, there 
appears to be a genetic predisposi-
tion for this condition. While pyloric 
stenosis has been associated with 
specific genetic syndromes such as 
Cornelia de Lange syndrome, no 
specific gene has been isolated. One 
extrinsic factor that has been impli-
cated in the development of pyloric 
stenosis is exposure to erythromycin. 
Infants exposed to erythromycin in 
the first two weeks of life carry up to 
a 10-fold higher risk of pyloric steno-
sis, and there is some evidence that 
maternal exposure to erythromycin 
during pregnancy and breastfeed-
ing may also increase the risk of this 
condition.20-23

Epidemiology. Pyloric steno-
sis is a relatively rare condition, 
with approximately 2-4 cases per 
1000 births. It is more common 
in males, with a four- to five-fold 
greater risk of developing pyloric 
stenosis in males relative to females. 
Furthermore, this condition is more 
common in first-born children as 
compared to later-born children. 
There is also an increased risk in 
infants with a family history of this 
disease.20,21

Presentation. Pyloric stenosis typ-
ically presents between the third and 
eighth week of life with projectile 
vomiting. Vomiting tends to occur 
within 30 minutes of feeding and is 
non-bilious. The physical examina-
tion typically demonstrates a child 
who appears hungry and eager to 
feed, even after an episode of vomit-
ing. The abdominal examination is 
classically described as having a pal-
pable “olive” in the mid-epigastric 
region of the abdomen, representing 
the hypertrophied muscle. However, 
this may be a difficult finding to 
appreciate in an active and awake 
infant. In the early stages of disease, 
infants may appear well; however, as 
the disease progresses and patients 
are unable to maintain hydration 
secondary to vomiting, infants 
will develop moderate to severe 
dehydration.3,20

Laboratory Studies and 
Diagnostic Imaging. Routine labo-
ratory studies, such as a complete 
blood count and basic metabolic 
panel, are not commonly helpful. 
However, they may demonstrate 
hypokalemic, hypochloremic, or 
metabolic alkalosis from vomiting.3,24

The diagnosis of pyloric stenosis 
may be made by one of two different 
diagnostic imaging studies. First, an 
upper GI contrast study may be used 
to make the diagnosis. A positive 
study will demonstrate a narrowed 
pyloric channel, often referred to 
as the “string sign.” Advantages to 
this modality are that it is relatively 
operator-independent and it has a 
sensitivity of 96% and a specificity of 
100% in the hands of an experienced 
radiologist. The disadvantages of this 
modality are that it is relatively inva-
sive and exposes the child to ionizing 
radiation.1,25 Second, an abdominal 
ultrasound may be used to make the 
diagnosis of pyloric stenosis, with a 
positive study demonstrating pyloric 
muscle thickness of greater than 
or equal to 4 mm or length of the 
pyloric canal being greater than or 
equal to 14 mm. (See Figure 3.) This 
modality boasts a sensitivity of 98% 
and a specificity of 100%, with no 
radiation exposure to the child. The 
disadvantage of this study is that, 
as with all ultrasound, it is some-
what operator-dependent. Generally 
speaking, due to the less invasive 
nature of ultrasound and the lack 

of radiation exposure, ultrasound is 
the first-line imaging study in the 
evaluation of the infant with possible 
pyloric stenosis.1,3,25

Treatment. Infants with pyloric 
stenosis should receive fluid resus-
citation intravenously to correct 
dehydration and provide mainte-
nance fluid needs. Affected patients 
should be made NPO, and pedi-
atric surgical consultation should 
be obtained. Definitive treatment 
consists of surgical pyloromyotomy. 
This procedure is well tolerated and 
is associated with a low incidence of 
morbidity and mortality.21

Intussusception
Etiology. Intussusception is the 

result of prolapse of one part of the 
intestine into the lumen of an adja-
cent portion. While the vast majority 
of cases in children are idiopathic, 
certain conditions may act as a “lead 
point” for intussusception. Such con-
ditions include lymphoma, Meckel’s 
diverticulum, and Henoch-Schonlein 
purpura. When one portion of the 
intestine prolapses into another, this 
results in compression of the lumen 
with subsequent obstruction of 
venous return. This, in turn, leads 
to edema, increased pressure on the 
bowel, and, ultimately, obstruction 
to arterial flow — with gangrene and 
perforation of the bowel as manifesta-
tions of end-stage disease.1,26

Epidemiology. Approximately 
18-56 cases of intussusception 

Figure 3. Pyloric Stenosis
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occur per 100,000 births. While it 
may be seen any time between the 
ages of 3 months and 5 years, it is 
most common in the first year of 
life. Peak incidence is between 6 
and 11 months of age, with a male 
predominance.1,24

Presentation. The clinical pre-
sentation of intussusception may 
be variable. Common symptoms 
include irritability and intermit-
tent crying. Features seen in more 
advanced cases include bloody 
stool, often referred to as “currant 
jelly stool.” Parents may describe 
the pain as intermittent, in which 
the child draws his or her knees 
up to the chest for up to five min-
utes at a time, only to be followed 
by an asymptomatic period of up 
to 20 minutes. Lethargy remains 

another common presentation of 
intussusception.

On physical examination, the 
child may appear uncomfortable or 
lethargic. The abdomen may appear 
distended and tender, and one may 
appreciate a mass on the right side 
of the abdomen, most commonly in 
the right upper quadrant. A rectal 
examination classically demonstrates 
grossly bloody stool, which usually is 
a late finding.1,26 Early on, there may 
be a normal-appearing stool that 
may be positive for occult blood.

Laboratory Studies and 
Diagnostic Imaging. There are no 
laboratory studies that are specific 
for the diagnosis of intussusception.1

Imaging studies are essential 
in the diagnosis of intussuscep-
tion. Plain abdominal radiography 
is often the initial imaging study 
and may demonstrate a mass in the 
right upper quadrant, reduced air in 
the small intestine, or small bowel 
obstruction. (See Figure 4.) Studies 
of the accuracy of plain abdominal 
radiography in the diagnosis of 
intussusception have demonstrated 
high sensitivity but only moderate 
specificity.27,28

Ultrasonography has proven to 
be an outstanding imaging modality 
for the evaluation of this condition. 
A technique of graded compres-
sion is used, yielding a sensitivity 

of 98-100% and a specificity of 
more than 90%. A positive exami-
nation demonstrates an intussus-
ception mass, usually a complex 
structure greater than 5 cm with a 
hypoechoic region surrounding an 
echogenic center — often described 
as resembling a target or dough-
nut. (See Figure 5.) When viewed 
on ultrasound in long axis, the 
hypoechoic layers on each side of 
the echogenic center may resemble 
a kidney, creating an appearance 
often referred to as the “pseu-
dokidney” sign. In addition to the 
increased sensitivity and specificity 
of ultrasound over plain abdominal 
radiography, ultrasound may also be 
able to identify the lead point of the 
intussusception.28

Treatment. To prevent ischemia, 
necrosis, and subsequent perfora-
tion of intestine, the intussusception 
must be reduced. Barium, water-
soluble contrast, and air have all 
been used as enemas for the reduc-
tion of intussusception. While the 
barium enema has previously been 
the gold standard for the diagnosis 
and treatment of this condition (see 
Figure 6), air enemas have become 
the more commonly used technique, 
with a higher rate of successful 
reduction. Air enemas are preferred 
because they eliminate the pos-
sibility of barium peritonitis in the 
case of colonic perforation during 
reduction. In addition, they impart 
a lower radiation dose to the child. 
Recurrence of intussusception after 
air reduction may occur in 5-20% 
of cases. As such, all children with 
intussusception must be admitted to 
the hospital so that additional efforts 
at enema reduction or surgical inter-
vention may be made if the condi-
tion recurs.1,26,29

The most feared complication of 
enema reduction of intussuscep-
tion is intestinal perforation, which 
may occur in up to 1% of all cases 
of attempted reduction with enema. 
For this reason, all cases of intus-
susception ideally should be evalu-
ated by a pediatric surgeon prior to 
enema reduction, so as to facilitate 
swift operative intervention should a 
perforation occur.1,26

Figure 4. Intussusception Figure 6. Intussusception

Figure 5. Small Bowel 
Intussusception

Ultrasound of the abdomen 
demonstrating a target sign (white 
arrow) consistent with a small 
bowel intussusception. Image 
courtesy of Casey Grover, MD.
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Acute Appendicitis
Etiology. Appendicitis may be 

described as a disease process that 
occurs in five stages, usually pro-
gressing over a 24-36 hour period. 
The process begins with obstruction 
of the appendiceal lumen, usually 
from a fecalith or lymphoid hyper-
plasia. More unusual inciting causes 
include foreign bodies, malignancy, 
and parasites. As a result of this 
obstruction, the appendiceal lumen 
becomes unable to drain and dilates. 
This distension leads to the second 
stage of disease, in which the eighth 
through 10th visceral afferent tho-
racic nerves are stimulated by the 
increasing appendiceal distension. 
During this second phase, patients 
experience peri-umbilical pain. With 
increasing distension of the appen-
dix, perfusion to the luminal wall of 
the appendix decreases, producing 
the third stage of acute appendi-
citis. Decreased perfusion allows 
for bacterial invasion of the appen-
diceal lumen, creating the fourth 
stage, consisting of inflammation 
of the wall of the appendix. Finally, 
inflammation spreads outside of the 
appendix and into the peritoneum, 
leading to the fifth and final stage of 
appendicitis. During this period, as 
a result of the irritation of parietal 
peritoneum, patients experience pain 
in the right lower quadrant.17,30

Epidemiology. Appendicitis is 
the most common surgical cause of 
abdominal pain in pediatric patients 
presenting to the ED, with a world-
wide incidence of appendicitis esti-
mated to be 86 cases per 100,000 
patients per year. It is estimated that 
there are 70,000 hospital discharges 
each year for acute pediatric appen-
dicitis, with approximately one-third 
of all children developing rupture of 
the appendix prior to surgical inter-
vention. Rates of rupture increase in 
an inverse relationship to patient age, 
with perforation rates as high as 82% 
in children younger than 5 years old 
and 100% in children younger than 1 
year old.17,30,31

Presentation. Abdominal pain 
remains one of the most common 
presentations of acute appendicitis 
in children. However, this symptom 

may be challenging to elicit. Fever 
is also commonly present in infants 
with acute appendicitis, but is not 
universally present. As a result of 
the intra-abdominal inflammation 
and discomfort, infants with acute 
appendicitis may also develop poor 
feeding (a manifestation of anorexia 
or nausea) and vomiting. However, 
it remains important to remember 
that infants with appendicitis often 
present with atypical symptoms, 
making acute appendicitis a very dif-
ficult diagnosis to determine based 
on history alone. A review of a large 
number of studies on acute appen-
dicitis in the pediatric population 
identified fever as the most predictive 
symptom of appendicitis, with a posi-
tive likelihood ratio of 3.4. However, 
being a relatively common symptom, 
fever is of low specificity for the diag-
nosis of acute appendicitis, making 
it of limited utility in detecting this 
condition.31,32

The physical examination for 
appendicitis may be challenging in 
infants due to their inability to com-
municate and lack of cooperation. 
The examination should focus on 
trying to determine the location 
of pain and assessing whether or 
not signs of peritoneal inflamma-
tion, such as rebound tenderness or 
guarding, are present. When per-
forming the abdominal examination, 
it is important to remember that 
voluntary and involuntary guarding 
are very different. While voluntary 
guarding is a state of contraction of 
the abdominal musculature due to 
fear or pain, which can be overcome 
by distraction, involuntary guarding 
is spasm of the abdominal muscula-
ture secondary to peritoneal inflam-
mation, which remains constant 
despite distraction or relaxation. 
Furthermore, rebound tenderness is 
a physical exam finding that is sug-
gestive of peritoneal irritation, but 
may be difficult to elicit in infants. 
Rebound tenderness is defined as 
increasing pain with release of pres-
sure on the abdomen rather than 
with compression of the abdomen. 

When assessing an infant with sus-
pected appendicitis, the focus of the 
examiner’s gaze should be on the 

patient’s face to look for grimacing 
or increased crying with palpation 
in a particular area. While classically 
tenderness to palpation in the right 
lower quadrant of the abdomen is 
strongly suggestive of acute appen-
dicitis, a review of studies of the 
physical examination in appendicitis 
has shown rebound tenderness to 
be most predictive of appendicitis, 
with a positive likelihood ratio of 
3.0. This same review found signs 
of diffuse peritoneal irritation on 
abdominal examination, younger age, 
and higher temperature elevation as 
predictive of ruptured appendicitis 
rather than unperforated appendicitis. 
In children who are able to ambu-
late, asking them to walk or jump 
can be an excellent screening test 
to look for peritonitis. As a result of 
the intra-abdominal inflammation 
in peritonitis, any movement causes 
pain, and so affected patients will be 
unwilling to walk or jump. A similar 
technique may be used in non-ambu-
latory infants. Asking the caretaker 
to bounce the child up and down on 
their lap will cause pain if peritonitis 
is present, and will induce crying or 
fussiness.1,31,32

In the majority of cases, the appen-
dix lies in the right lower quadrant 
of the abdomen. When the appen-
dix lies in the retrocecal position, 
it may produce pain in the right 
upper quadrant or persistent pain 
in the epigastrium. The psoas sign 
can be used in cooperative children 
to detect retrocecal appendicitis. A 
positive psoas sign occurs when pain 
is elicited in the right lower quadrant 
with passive extension of the hip.33,34

One key point to remember about 
acute appendicitis is that it is com-
monly mistaken for gastroenteritis. As 
such, the diagnosis of acute appen-
dicitis should be strongly considered 
in patients who have previously been 
diagnosed with gastroenteritis who 
return to the ED with vomiting and 
abdominal pain. Additionally, any 
patient with vomiting and abdominal 
pain who has abdominal tenderness 
should be evaluated for appendicitis, 
as gastroenteritis generally does not 
produce abdominal tenderness on 
examination.1,3
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Laboratory Studies and 
Diagnostic Imaging. As acute 
appendicitis is a condition of infection 
and inflammation, many clinicians 
obtain a C-reactive protein (CRP), 
erythrocyte sedimentation rate (ESR), 
and complete blood count, specifi-
cally looking for an elevated white 
blood cell count. The predictive value 
of each is dependent on the threshold 
value used to decide whether or not a 
patient is likely to have acute appen-
dicitis. A summary of the predictive 
values of laboratory tests used in the 
diagnosis of acute appendicitis is pre-
sented in Table 2. It is important to 
recognize that any individual labora-
tory study lacks adequate sensitivity, 
specificity, or predictive value to be 
used to determine whether or not 
the patient being evaluated has acute 
appendicitis.31

While previously appendicitis was 
a clinical diagnosis, imaging has 
become the mainstay of confirming 
or excluding the diagnosis. As there 
is no ionizing radiation associated 
with it, ultrasound is becoming the 
first-line radiologic study. This study 
consists of graded compression in 
the right lower quadrant to displace 
loops of bowel and visualize the 
appendix. A positive study consists 
of a non-compressible, fluid-filled 
tubular appendix, with a diameter 
of greater than 6 mm. One may also 
see hyperemia of the appendix or an 
appendicolith. Ultrasound has been 
extensively studied for its use in the 
diagnosis of acute appendicitis, with 
estimated sensitivity of 78-94% and 
specificity 89-98% in the pediatric 

population. (See Figure 7.) The main 
limitation of ultrasound is the fact 
that it is operator-dependent, and 
visualization of the appendix can be 
impaired by a number of patient fac-
tors, most notably obesity and bowel 
gas. As adults tend to have more 
abdominal adipose tissue than chil-
dren, ultrasound for the detection of 
appendicitis is generally reserved for 
pediatric patients.17 

Computed tomography (CT) of 
the abdomen has become the gold 
standard for the diagnosis of acute 
appendicitis. (See Figure 8.) A posi-
tive study demonstrates an appendix 
with a diameter greater than 6 mm, 
and demonstrates inflammatory 
changes of the appendix, including 
thickening of the appendiceal wall, 
contrast enhancement of the appen-
diceal wall, and fat stranding around 
the appendix. Studies evaluating the 
performance of CT in diagnosing 
appendicitis in the pediatric popu-
lation purport sensitivities of 88% 
to 97% and specificities of 94% to 
97%. The majority of studies on the 
topic have found sensitivities greater 
than 95%. The main limitations of 
CT include the fact that children 
may require sedation or restraint to 
lie still for the study, IV contrast is 
required at most centers, and that 
CT exposes children to ionizing radi-
ation, which may increase the risk of 
malignancy in the future.17

Although ultrasound is an excel-
lent modality for the evaluation of 
suspected appendicitis, the sensitiv-
ity of ultrasound in detecting acute 
appendicitis is less than that of CT. To 

minimize the amount of radiation and 
also to address the imperfect sensitiv-
ity of ultrasound, a staged ultrasound 
and CT pathway may be used. In 
such a protocol, ultrasound is used 
as the initial imaging study, with CT 
only performed if the ultrasound is 
equivocal. Research on such protocols 
has demonstrated that half of patients 
may be managed with ultrasound 
alone, with a rate of missed appendi-
citis less than 0.5%. Furthermore, this 
approach has a sensitivity of 99% with 
a specificity of 91% and reduces radia-
tion exposure from CT scans.35,36

While currently used only infre-
quently in pediatric patients, mag-
netic resonance imaging (MRI) is a 
technology that may be used more in 
the future, as it provides outstanding 
image detail and carries no risk of 
radiation.37

Treatment. In infants with acute 
appendicitis, treatment should pri-
marily focus on stabilizing and cor-
recting metabolic derangements. IV 
access should be obtained, patients 
should be rehydrated, if necessary, 
with IV fluids, and pediatric surgical 
consultation should be obtained. In 
non-perforated appendicitis, patients 
may be started on a single agent, 
with cefoxitin, cefotetan, piperacillin/
tazobactam, or ampicillin/sulbactam 
being frequently used agents. For per-
forated appendicitis, many surgeons 
elect to use “triple” therapy, such 
as with ampicillin, gentamycin, and 
metronidazole, or other combination 
regimens such as ceftriaxone and met-
ronidazole. However, a review of the 
literature on this topic has demon-
strated that single-agent, broad-spec-
trum antibiotics may be used for both 
perforated and non-perforated appen-
dicitis, with piperacillin/tazobactam 
being a commonly used antimicro-
bial for both situations. In patients 
with non-perforated appendicitis, 
appendectomy should be performed, 
most commonly via the laparoscopic 
approach. Recent research on the 
topic has shown that the risk of 
perforation is not increased if appen-
dectomy is delayed for 12-24 hours, 
suggesting that appendectomy may 
be performed on a semi-urgent basis. 
In tune with this evidence, nearly 70% 

Table 2. Likelihood Ratios for Laboratory Tests 
in Appendicitis37

Test Cutoff Value Likelihood Ratio

White blood cell count 
(WBC)

10,000/µL

15,000/µL

Over 10,000: + LR 2.0
Under 10,000: - LR 0.22
Over 15,000: + LR 3.4

C reactive protein (CRP)
25 mg/L
10 mg/L

Over 25: + LR 5.2
Under 10: - LR 0.45

Erythrocyte 
sedimentation rate 
(ESR)

20 mm/h
Over 20: + LR 3.8
Under 20: - LR 0.68
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of pediatric surgeons perform appen-
dectomies on non-perforated appen-
dicitis on a semi-urgent basis.38,39

Management of perforated appen-
dicitis is somewhat controversial, 
with some surgeons preferring to 
operate immediately, while others 
prefer a non-operative approach con-
sisting of initially treating the patient 
with intravenous antibiotics followed 
by an interval appendectomy in two 
to three months after initial hospital 
discharge. In cases in which a dis-
crete abscess has formed, patients 
may be managed initially with intra-
venous antibiotics and percutaneous 
drainage. It is important to recog-
nize that the non-operative approach 
to appendicitis should be used only 
in non-toxic infants; any infant with 
significant toxicity likely deserves 
surgical intervention.38,39

Gastroenteritis
Etiology. While viral gastroen-

teritis may be caused by a number 
of different viral pathogens, the two 
most common causes are rotavirus 
and norovirus. In the United States, 
norovirus accounts for more than 
90% of all outbreaks of viral gastro-
enteritis and is the most common 
cause of gastroenteritis worldwide. 
Rotavirus, in comparison, is the lead-
ing cause of viral gastroenteritis in 
children younger than 5 years old. 
Fortunately, vaccines are available 
against rotavirus, and have been 
shown to decrease both incidence of 

disease and severity of symptoms.40-43

Both agents are primarily transmit-
ted by the fecal-oral route, although 
viral particles may be spread by respi-
ratory droplets as well. Interpersonal 
transmission may be rapid, leading 
to outbreaks of these infections in 
groups of people in close proximity, 
such as on cruise ships, in nursing 
homes, and in daycare centers.40,41

Epidemiology. Viral gastro-
enteritis is an extremely frequent 
entity in children, accounting for 
150,000 hospitalizations and 3.7 
million physician visits annually in 
the United States. It is also estimated 
to be the cause of up to 10% of all 
hospitalizations in the United States 
in children younger than 5 years of 
age. With good access to medical 
care and rehydration, deaths from 
gastroenteritis in developed nations 
are relatively uncommon. Globally, 
gastroenteritis is a major problem as 
a result of poor access to adequate 
rehydration and is estimated to cause 
up to 870,000 deaths per year.40,42,44

Presentation. Gastroenteritis can 
be defined as a syndrome of vomit-
ing, diarrhea, or the combination 
of both. Viral infections account for 
approximately 70% of all cases of 
acute gastroenteritis, and generally 
present with nausea, vomiting, and 
watery diarrhea. Affected individuals 
generally also have low-grade fevers, 
abdominal pain, cramping, and some 
degree of malaise. Blood or mucus 
seen in vomitus or stool is unusual in 
viral gastroenteritis and is suggestive 

of an invasive bacterial pathogen. 
Viral gastroenteritis is a self-limited 
disease, usually lasting anywhere 
from 24-60 hours in immunocompe-
tent hosts. In immunocompromised 
patients and patients at the extremes 
of age, symptoms may be more 
severe and prolonged.40,41

Infants with abdominal pain, 
vomiting, and diarrhea may also 
be suffering from bacterial or even 
protozoal gastroenteritis. Many of 
these conditions produce vomiting, 
abdominal pain, and diarrhea in a 
manner that is very difficult to distin-
guish clinically from viral infections.40 

Laboratory Studies and 
Diagnostic Imaging. Viral gastroen-
teritis is a clinical diagnosis. Routine 
laboratory studies, such as a com-
plete blood count or basic metabolic 
panel, are largely unhelpful when 
trying to determine the etiologic 
pathogen in a patient with vomiting 
and diarrhea. Urinalysis may also be 
helpful in assessing a patient’s level 
of dehydration.40 Plain X-rays of the 
abdomen should only be obtained 
if another etiology of the patient’s 
symptoms is suspected.

PCR studies of vomitus or stool 
are the best tests to isolate the viral 
pathogen causing a patient’s symp-
toms. However, such tests are not 
available in all clinical laboratories. 
As viral gastroenteritis is a self-
limiting condition, the utility of 
PCR testing is limited; a patient’s 
symptoms may have already resolved 
prior to the results of the test being 
available. Stool studies, such as a 
stool culture, are only performed 
when there is concern for a non-
viral cause of vomiting or diarrhea, 
such when symptoms last longer 
than two weeks or there is blood or 
mucus in the stool. A stool white 
blood cell can also be performed to 
look for intestinal inflammation, but 
is of poor sensitivity and specificity 
and does not indicate the cause of 
inflammation.40,41

Treatment. No specific treat-
ment exists for viral gastroenteritis. 
However, the fluid losses from vom-
iting and diarrhea, in combination 
with poor oral intake from nausea, 
can lead to dehydration. Treatment 

Figure 8. CT of 
Appendicitis

Figure 7. Ultrasound of 
Appendicitis
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of this condition, thus, is focused on 
rehydration. The first step in manag-
ing patients with viral gastroenteritis 
is to assess their level of dehydration. 
Signs and symptoms of moderate 
dehydration include: decreased urine 
output, capillary refill greater than 
two seconds, decreased skin turgor, 
and tachypnea. Tachycardia also is 
frequently a sign of mild to moderate 
dehydration. Laboratory abnormali-
ties that suggest dehydration include 
low serum bicarbonate, hypokalemia, 
and hypoglycemia. In infants with 
mild to moderate dehydration, oral 
rehydration remains first-line therapy. 
Oral intake can be increased with the 
use of the antiemetic ondansetron. 
Infants unable to adequately hydrate 
orally should receive intravenous 
hydration. Indications for admission 
to the hospital include moderate to 
severe dehydration with inability to 
tolerate oral fluids, intractable eme-
sis, marked electrolyte disturbances, 
and poor social situation, including 
lack of parental reliability.41,44-46

Other Conditions in the 
Differential Diagnosis 
of Abdominal Pain and 
Vomiting

The above listed conditions, 
while essential to understand when 
approaching an infant with vomiting 
and abdominal pain, only represent 
a very small number of the possible 
causes of abdominal pain and vomit-
ing. Infants are particularly prone 
to vomiting, and may vomit for any 
number of infectious causes, includ-
ing urinary tract infections, otitis, 
pneumonia, pharyngitis, hepatitis, 
sepsis, and upper respiratory infec-
tions. Furthermore, infants with 
metabolic conditions such as diabetic 
ketoacidosis, adrenal insufficiency, 
and inborn errors of metabolism may 
present with abdominal pain and 
vomiting. One should also consider 
additional intra-abdominal pathol-
ogy, such as small bowel obstruction, 
incarcerated hernia, and gonadal 
torsion.2,47

Conclusion
Abdominal pain and vomiting in 

the infant patient remains a chal-
lenging complaint to evaluate. A 
solid understanding of the dif-
ferential diagnosis, combined with 
a thorough history and physical 
examination, provide an excellent 
start to the evaluation of this pre-
sentation. Use of appropriate labo-
ratory testing and imaging studies 
aids in the confirmation of surgical 
causes of abdominal pain and vomit-
ing, and can guide appropriate and 
timely surgical consultation when 
necessary.
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Physician CME Questions

1. Which of the following confers an 
increased risk of developing pyloric 
stenosis?
A. female gender
B. exposure to erythromycin in the  

neonatal or prenatal period
C. exposure to penicillin in the neonatal 

or prenatal period
D. formula feeding

2. Which of the following constitutes a posi-
tive ultrasound for the diagnosis of pyloric 
stenosis?
A. pyloric muscle thickness of 2 mm
B. pyloric muscle thickness of 5 mm
C. pyloric canal length of 8 mm
D. pyloric canal length of 12 mm

3. Which of the following treatment 
modalities is used as first-line therapy for 
intussusception?
A. air contrast enema
B. surgery
C. laparotomy
D. intravenous antibiotics and inpatient 

observation

4. Necrotizing enterocolitis is most common 
in which areas of the intestine?
A. duodenum and jejunum
B. descending colon and rectum
C. jejunum, ileum, and cecum
D. transverse colon

5. Which of the following findings on plain 
abdominal X-ray is pathognomonic for 
necrotizing enterocolitis?
A. thumbprinting
B. the double bubble sign
C. visualization of the falciform ligament
D. pneumatosis intestinalis

6. Which of the following genetic syn-
dromes confers an increased risk of 
Hirschsprung’s disease?
A. fragile X syndrome
B. neurofibromatosis type 2

C. Down syndrome
D. Marfan syndrome

7. Which of the following constitutes a posi-
tive contrast enema for Hirschsprung’s 
disease? 
A. inability to inject contrast into the 

rectum
B. abrupt change in caliber of bowel 

size, with dilated bowel proximally
C. abrupt change in caliber of bowel 

size, with dilated bowel distally
D. an abnormally narrowed terminal 

ileum

8. Which of the following has been shown to 
be the most predictive symptom for acute 
appendicitis in infants?
A. vomiting
B. lethargy
C. fever
D. decreased feeding

9. Which of the following is a limitation 
of computed tomography in evaluating 
infants with suspected appendicitis?
A. In most centers, IV contrast must be 

administered during the CT scan to 
make the diagnosis of acute appendi-
citis.

B. CT exposes the patient to ionizing 
radiation.

C. Infants may require sedation or 
restraint to minimize movement dur-
ing the study.

D. All of the above are limitations.

10. Which of the following is an antibi-
otic that can be given as monotherapy 
for both unruptured and ruptured 
appendicitis?
A. metronidazole
B. piperacillin/tazobactam
C. ceftriaxone
D. gentamycin
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3. Pass the online tests with a score of 100%; you will be allowed to 
answer the questions as many times as needed to achieve a score of 100%. 

4. After successfully completing the last test of the semester, your browser 
will be automatically directed to the activity evaluation form, which you will 
submit online. 

5. Once the completed evaluation is received, a credit letter will be 
e-mailed to you instantly. You will no longer have to wait to receive your 
credit letter.
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Exclusive to our subscribers Rapid Access Management Guidelines

Abdominal Pain 
and Vomiting  
in the Infant

Presenting Age and Frequency  
of Conditions Causing Abdominal  
Pain and Vomiting in Infants

Pyloric Stenosis

Malrotation with Volvulus

Condition Presenting Age Frequency
Pyloric stenosis 3rd - 8th week of life 2-4 per 1000 births

Intussusception
3rd month - 5th year of 
life (most common in 
1st year of life)

18-56 per 100,000 births

Necrotizing 
enterocolitis

1st - 10th day of life
12% of babies under 1500 g
10% of all cases in term

Malrotation 
with volvulus

Any age
80% within fi rst month 
of life

Malrotation: 1 per 500 births; 
malrotation with volvulus: 1 
per 5000 births

Gastroenteritis Any age
3.7 million physician visits in 
the United States annually

Hirschsprung 
disease

First days of life 1 per 5000 births

Acute appendicitis

Any age; < 5% younger 
than 5 years, most 
frequent in 2nd 
decade of life

86 per 100,000 patients per 
year

Two images from an upper GI study demonstrating lack of transit of 
contrast from the stomach and duodenal bulb into the proximal small bowel 
with corkscrew confi guration of the proximal duodenum consistent with 
malrotation with volvulus. Images courtesy of Casey Grover, MD.

Necrotizing Enterocolitis

Plain fi lm of the abdomen 
demonstrating intramural air 
(pneumatosis intestinalis) in the 
right lower abdomen, consistent 
with necrotizing enterocolitis. Image 
courtesy of Casey Grover, MD.
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Likelihood Ratios for Laboratory Tests 
in Appendicitis

Intussusception

CT of Appendicitis

Ultrasound of Appendicitis

Test Cutoff Value Likelihood Ratio

White blood cell count 
(WBC)

10,000/µL

15,000/µL

Over 10,000: + LR 2.0
Under 10,000: - LR 0.22
Over 15,000: + LR 3.4

C reactive protein (CRP)
25 mg/L
10 mg/L

Over 25: + LR 5.2
Under 10: - LR 0.45

Erythrocyte 
sedimentation rate 
(ESR)

20 mm/h
Over 20: + LR 3.8
Under 20: - LR 0.68

Intussusception

Small Bowel Intussusception

Ultrasound of the abdomen 
demonstrating a target sign (white 
arrow) consistent with a small 
bowel intussusception. Image 
courtesy of Casey Grover, MD.


