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KEY POINTS

� Lower gastrointestinal bleeding in children is uncommon.

� The differential diagnosis is largely guided by the age of the patient.

� Surgical emergencies in the neonatal period, such as necrotizing enterocolitis, midgut
volvulus, and Hirschsprung disease, can present with gastrointestinal bleeding.

� Ileocolic intussusception is a common cause of gastrointestinal bleeding.

� Radiologic reduction of an ileocolic intussusception is first-line therapy for a patient
without peritonitis or hemodynamic instability.
LOWER GASTROINTESTINAL BLEEDING
Epidemiology

Although data remain limited regarding the incidence of lower gastrointestinal (GI)
bleeding (LGIB) in children, a Healthcare Cost and Utilization Project Nationwide Emer-
gencyDepartment Sample analysis from 2006 to 2011 estimated that therewere a total
of 437,000 emergency department (ED) visits associated with GI bleeding in the pedi-
atric population (children up to 19 years old).1 Of these visits, 20% were identified as
upper GI bleeding, 30% were LGIB, and the remaining 40% were not specified. By
age, 38%of the patientswere younger than 5 years, 23%were between 5 and15 years,
and 39% were between 15 and 19 years. Interestingly, only 11.6% of the ED visits
required hospitalization with most being treated either in the ED or as an outpatient.

Clinical Presentation and Initial Evaluation

Patients with LGIB can present with nausea, vomiting, diarrhea, and abdominal pain. A
complete history should be obtained, including the duration and amount of bleeding
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and the color and consistency of the blood. Although a well-appearing infant or child is
relatively reassuring, the clinical condition can deteriorate precipitously in the face of
ongoing bleeding. Initial physical examination and evaluation should focus on ascer-
taining the child’s hemodynamic condition and promptly initiating resuscitation if indi-
cated. A thorough physical examination should be performed, including inspection for
anal fissures; a rectal examination for prolapse, polyps, or masses; and stool guaiac
testing. The abdomen should be assessed for peritonitis and the presence of an
abdominal mass. The findings of petechiae or bruising on the skin may suggest an un-
derlying coagulopathy.
The initial diagnostic test of choice for children presenting with LGIB largely de-

pends on their age, clinical status, and the likelihood for various underlying patho-
logic conditions. If the source of the bleeding (lower vs upper tract) is unclear, a
nasogastric tube can be placed for lavage. Abdominal plain radiographs, particu-
larly in the neonatal and infant population, can aid in the diagnosis of underlying
conditions such as necrotizing enterocolitis (NEC) or Hirschsprung disease. Ultra-
sonography is also helpful in identifying underlying conditions such as intussuscep-
tion. Although endoscopy (upper and lower) requires general anesthesia, it can help
in both identifying the lesion and providing an opportunity for intervention.2

Red blood cell scintigraphy and angiography can also aid in identifying the source
of bleeding, although slow bleeding is often difficult to identify with these
modalities.

Differential Diagnosis

The differential diagnosis for LGIB in the pediatric population is broad. However, it can
be quickly narrowed based on the age group of the patient and the clinical presenta-
tion. It is helpful to categorize the patients into 3 groups to assist in the diagnosis:
neonatal, infant and toddler, and school age (Box 1).

NEONATAL

LGIB in the neonatal population presents a diagnostic challenge because of the broad
range of etiologies, from benign conditions, such as swallowed maternal blood to
more concerning conditions, such as midgut volvulus or NEC. As mentioned, the clin-
ical presentation (well child vs distressed) and the hemodynamic status of the patient
are essential to effectively diagnose and treat the underlying condition. Although not
exhaustive, the following is a summary of the common conditions that can present
with LGIB in the neonates.

MIDGUT VOLVULUS

One of the true surgical emergencies in pediatrics, midgut volvulus, is an obstructive
condition of the small intestines caused by twisting of the bowel around the axis of the
mesentery. In addition to intestinal obstruction, the mesenteric blood vessels are
kinked, resulting in ischemia to the midgut that can manifest as LGIB. Bilious emesis
in an infant is alarming and should prompt an expeditious workup for midgut volvulus.
Midgut volvulus typically occurs in the setting of intestinal malrotation caused by failed
rotation and fixation of the gut during in utero development. Melena or hematochezia
is present in up to 20% of cases and is an ominous sign suggestive of gut ischemia.
Similarly, abdominal wall erythema caused by bowel ischemia is a late and concerning
finding. The diagnosis is established with an upper GI contrast study that shows prox-
imal duodenal obstruction (midgut volvulus) or abnormal rotation and positioning of
the duodenal-jejunal junction (malrotation).3,4 Emergency surgical intervention with a



Box 1

Lower gastrointestinal bleeding differential diagnosis

Neonatal

� Swallowed blood

� Fissures

� Necrotizing enterocolitis

� Midgut volvulus

� Hirschsprung disease

� Vascular

� Coagulopathy

� GI duplication

Infant and Toddler

� Fissures

� Allergic colitis

� Intussusception

� Meckel diverticulum

� GI duplication

School Age

� Infections

� Polyps

� IBD

� Malignancies

� Typhlitis

� Henoch-Schonlein purpura

� Hemolytic uremic syndrome
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Ladd procedure to relieve the obstruction and restore perfusion to the bowel can be
lifesaving.5,6

Necrotizing Enterocolitis

Also considered a surgical emergency, NEC likely results from relative gut ischemia and
infection of the intestines caused by bacterial translocation across the immature intes-
tinal epithelium.7,8 Risk factors for NEC include severe prematurity, low Apgar score,
low birth weight, and hyperosmolar enteral feedings. Although most commonly occur-
ring in the setting of prematurity, between 5% and 25% of NEC occurs in full-term in-
fants.9,10 Babies with gastroschisis and congenital heart defects are also at risk for
NEC. Patients can present with occult or gross bleeding, often in the setting of clinical
decompensation, and abdominal distension, vomiting, or diarrhea. The ileum, cecum,
and right colon aremost commonly involved. Findings on plain radiographs that support
the diagnosis of NEC include dilated or fixed intestinal loops, pneumatosis intestinalis,
portal venous gas, or pneumoperitoneum.11 Although most patients are effectively
treated with bowel rest and intravenous antibiotics, evidence of intestinal perforation
or necrosis and clinical deterioration despite antibiotics are indications to operate.
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Hirschsprung Disease

Hirschsprung disease (HD) is an obstructive disorder of the colon caused by incom-
plete cranio-caudal migration of enteric ganglion cells in the colon. The incidence is
about 1 in 5000 live births with a 4:1 male/female predominance.12,13 Although
most commonly seen in newborns with delayed passage of meconium (>24 hours),
some neonates and infants can present with progressively worsening constipation.
Patients with HD commonly have enterocolitis that can manifest as LGIB. In fact,
enterocolitis is the presenting clinical finding in up to 24% of patients with HD.14

Hirschsprung enterocolitis can be life threatening and should be promptly treated
with intravenous antibiotics, fluid resuscitation and colonic irrigation. Multiple sur-
gical options exist for the treatment of HD, which is beyond the scope of this
review.

Anal Fissures

Often associated with constipation, anal fissures are one of the most common causes
of LGIB in the neonatal population.1,15 Similar to older children and adults, the history
is often notable for pain with defection. In infants, this can present as grunting, strain-
ing, or arching of the back during defection. Blood is typically seen around the stool
and on the surface but not mixed within it. On physical examination, spreading the
perianal skin will evert the anus and reveal the fissure. Treatment is usually
conservative and includes dietary changes or medications depending on the patient’s
age.

Swallowed Maternal Blood

In a well-appearing infant without any clinical evidence of bleeding, swallowed
maternal blood should be considered on the differential diagnosis for rectal
bleeding. Either ingested at the time of delivery or during breast feeding, maternal
blood often presents as melanotic stools or hematemesis. A history of cracked or
fissured maternal nipples is common. To confirm the diagnosis, an Apt-Downey
test should be performed, which distinguishes fetal hemoglobin from maternal
adult hemoglobin by the degree of denaturation in the setting of alkaline solution.
The more stable fetal hemoglobin will remain pinkish in color as opposed to adult
hemoglobin, which turns yellowish-brown because of the higher susceptibility to
denaturation.

Other Conditions

Vascular anomalies and several types of coagulopathies can all precipitate bleeding in
neonates. The hemophilia syndromes along with von Willebrand disease can present
in the neonatal period; however, these syndromes are rare. In addition to GI bleeding,
clinical history and physical examination findings, such as unexplained bruising, pete-
chiae, or prolonged bleeding episodes after minor trauma such as circumcision, can
indicate a possible coagulation disorder.
INFANTS AND TODDLERS

The differential diagnosis for LGIB in the infant/toddler period is narrower than in ne-
onates. Furthermore, the clinical history and presentation tend to lead toward a
conclusive diagnosis. Intussusception and Meckel diverticulum often warrant the
most immediate intervention, as bleeding can be indicative of a late-stage condition.
Below is a summary of the most common conditions and presentations.
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Meckel Diverticulum

The etiology of Meckel diverticulum is related to failed closure of the omphalomesen-
teric duct, also known as the vitelline duct. Embryologically, the duct serves to join the
yolk sac to the lumen of the primitive midgut during early fetal development. As the
placenta matures the duct no longer serves as a source of nourishment and typically
obliterates by the seventh to ninth week of life. If this process fails, one of multiple
congenital anomalies can occur, including but not limited to a Meckel diverticulum
(most common), an umbilical sinus, an omphalomesenteric fistula, or residual fibrous
cords. Despite being common, occurring in approximately 2% of the population, most
patients are asymptomatic. However, painless rectal bleeding can be a common pre-
sentation because of gastric heterotopia within the diverticulum, leading to mucosal
ulceration of the adjacent small intestine.16 Although the preoperative diagnosis of a
Meckel’s diverticulum is often difficult, in the appropriate clinical setting, a Meckel
scan can be performed in which intravenous technetium 99m concentrates in the
ectopic gastric mucosa allowing for identification on scintigraphy.17 Because the
bleeding arises from ulcerations in the small bowel directly adjacent to the divertic-
ulum, definitive therapy requires a segmental bowel resection that encompasses the
Meckel diverticulum and ulcerated small bowel. Other complications that can arise
from a Meckel diverticulum include intestinal obstruction, intussusception, diverticu-
litis, and perforation. The presentation of Meckel diverticulitis can be difficult to distin-
guish from acute appendicitis. If a normal appendix is encountered at the time of
surgery for what was thought to be acute appendicitis, it is important to inspect the
ileum for the presence of Meckel diverticulitis.

Allergic Colitis

Allergic colitis, or food protein-induced colitis, is most often caused by an inflamma-
tory reaction to cow’s milk or soy proteins. Although most commonly occurring in
formula-fed infants, it can also occur in those who are breast fed owing to the lactating
mother’s ingestion of cow’s milk. Relatively benign in nature, most infants present with
loose diarrhea and occult or frank hematochezia.18 Once other causes for lower GI
bleeding have been excluded, attention should be given to identifying the precipitating
agent and removing it from the diet. If formula fed, the infant should be started on a
formula with an alternative protein source or amino acid composition. If breast fed,
the maternal diet should be interrogated and possible causative agents removed.

Intussusception

Although classic for intussusception, the clinical triad of abdominal pain, a palpable
abdominal mass, and currant jelly stools (caused by intestinal ischemia and mucosal
sloughing) occurs in less than25%of cases.19,20More typically, infants and toddlerspre-
sent with abdominal colic: intermittent, crampy abdominal pain every 15 to 20 minutes.
Intussusception is generally treatedwith a therapeutic enema, reserving an operation for
the most difficult cases. For a more detailed understanding of intussusception, please
see the following section.

SCHOOL-AGE CHILDREN

The differential diagnosis for bleeding in a school-age child (preschool and beyond) is
relatively broad because of the variety of possible exposures (infections and toxins)
and conditions that can present in this age group. Similar to many of the conditions
discussed previously, making the diagnosis relies principally on the clinical history
and presentation.
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Infections

School-age children are at particular risk for infectious colitis because of their expo-
sure to environmental pathogens (eg, daycare, school). Most food-borne infections,
are self-limiting and do not often lead to lower GI bleeding. However, certain patho-
gens can cause significant hematochezia (eg, Salmonella, Shigella, Campylobacter,
Clostridium difficile). The mainstay of treatment of bacterial colitis is antibiotic therapy.
However, antibiotics should not be initiated if enterohemorrhagic Escherichia coli
(strains O157:H7 or O104:H4) infection is suspected, as antibiotic treatment is asso-
ciated with the development of hemolytic uremic syndrome.21 E coli colitis should
be suspected in patients with acute bloody diarrhea, or hemolytic uremic syndrome,
particularly if associated with abdominal tenderness and the absence of fever. Anti-
biotic therapy for enterohemorrhagic E coli infection does not alter the duration of
acute illnesses.22 Thus, antibiotic therapy is not recommended for enterohemorrhagic
E coli infections. With the exception of the immunocompromised patient, an operation
for infectious colitis is rarely needed.

Inflammatory Bowel Disease

Inflammatory bowel disease (IBD), which includes Crohn disease and ulcerative colitis,
is rare in early childhood. However, IBD has a peak in incidence during late adoles-
cence. Distinguishing between the 2 entities is often difficult, as both commonly pre-
sent with abdominal pain, fevers, and diarrhea. Often the diagnosis is delayed, and
patients can have growth delays associated with untreated illness.23 Gastrointestinal
bleeding in the setting of IBD is typically caused by mucosal ulceration and inflamma-
tion and is, thus, more suggestive of ulcerative colitis. Malignancy is also on the differ-
ential diagnosis as patients with IBD are at higher risk for both small and large bowel
malignancy. Diagnosis of IBD typically requires endoscopic evaluation (upper and
lower) with biopsies for histologic diagnosis.

Malignancies

Although rare, GI malignancies do occur in the pediatric population. Primary tumors
can include GI stromal tumors, lymphomas, and adenocarcinomas. Metastatic lesions
to the intestines can also present with GI bleeding. Patients receiving chemotherapy
for a non-GI malignancy (often hematologic malignancies) can have typhlitis caused
by the neutropenia, which can lead to GI bleeding.

Polyps

Colorectal polyps are a fairly common source for bleeding in this age group. A large
analysis of the Pediatric Endoscopy Database System Clinical Outcomes Research
Initiative found that polyps were found in 12% of the patients with LGIB undergoing
colonoscopy.24 Most polyps found in the pediatric population are in fact juvenile
hamartomatous polyps with low likelihood for malignancy. However, they can be
associated with syndromes such as juvenile polyposis syndrome or familial adenoma-
tous polyposis, which necessitate further evaluation and treatment.25

INTUSSUSCEPTION

Intussusception is the invagination (telescoping) of a segment of intestine into the adja-
cent bowel. Intussusception is the most common cause of intestinal obstruction in in-
fants and toddlers. In addition to obstructive symptoms, intussusception often
presentswith hematochezia in the formof “currant jelly stool.” JohnHutchinson reported
the successful surgical correction of an intussusception in 1873. In 1876, Hirschsprung
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described hydrostatic reduction of intussusception by enema, resulting in decreased
mortality.26 Contrast enema eventually became the accepted initial mode of therapy
for intussusception in stable pediatric patients.

PATHOPHYSIOLOGY

The intussusceptum is the proximal inner segment of the intestine, whereas the
intussuscipiens is the distal outer receiving portion (Fig. 1). Ileocolic intussusception
is the most common location and accounts for 80% to 95% of all pediatric intussus-
ceptions. Ileoileal, cecocolic, colocolic, and jejunojejunal intussusceptions occur with
decreasing frequency. The intussusceptum drags the associated mesentery into the
intussuscipiens, resulting in venous and lymphatic congestion, bowel edema, and ul-
timately ischemia and perforation. Although some intussusceptions spontaneously
reduce, the natural history of an intussusception is to progress to perforation and
sepsis unless the condition is recognized and treated appropriately.
Intussusception can occur at any age. In children, 60% occur before the age of

1 year, and 80% to 90% occur before the age of 2 years.27 A Swiss population-
based study reports yearly mean incidences of intussusception were 38, 31, and 26
cases per 100,000 live births in the first, second, and third year of life, respectively.28

Intussusception is uncommon before 3 months and after 3 years of age. Intussuscep-
tion in younger and older patients is more commonly associated with a pathologic lead
point.

Idiopathic (Primary) Intussusception

Approximately 75% of intussusceptions in children do not have a pathologic lead
point and are classified as idiopathic or primary intussusceptions. Idiopathic
Fig. 1. Ileocolic intussusception.
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intussusception is most common in children between 3months and 3 years of age. For
unclear reasons, intussusception is slightly more common in boys.28 There is an
increasing body of evidence implicating the role of viral infections as the trigger for
idiopathic intussusception. The putative lead point in idiopathic intussusception is
attributed to hypertrophied Peyer’s patches in the lymphoid-rich terminal ileum
(Box 2).

Secondary Intussusception

An intussusception may have an identifiable abnormality in the intestine that acts as a
lead point, drawing the proximal bowel into the distal bowel by peristaltic activity.
These so-called secondary intussusceptions account for 10% to 25% of intussuscep-
tions. A pathologic lead point is seen more commonly in children younger than
3months and older than 3 years.28,32 AMeckel diverticulum is themost common path-
ologic lead point followed by polyps and enteric duplication cysts. A summary of path-
ologic lead points is listed in Box 3.

CLINICAL MANIFESTATION
Presentation

Intussusception occurs most commonly in healthy, well-nourished infants and tod-
dlers. The typical presentation is the sudden onset of severe, intermittent, crampy
abdominal pain. The child is often writhing in pain and crying inconsolably, drawing
the knees toward the abdomen seeking a position of comfort. The episodes can
resolve as quickly as they begin and usually recur at 15- to 30-minute intervals with
increasing intensity. Vomiting is a common symptom and may become bilious as
the obstruction progresses. With time, the child becomes dehydrated and lethargic.
Initially, bowel movements may result from evacuation of stool distal to the intussus-
ception. Later in the course, the stool may become mucoid and blood tinged as the
ischemic mucosa sloughs. It is a diagnostic pitfall to wait for these so-called currant
jelly stools, as this is a late sign and is absent in nearly one-third of patients. The clas-
sically described triad of pain, a palpable sausage-shaped abdominal mass, and cur-
rant jelly stools is seen in less than 15% of patients.33 Particularly in infants, lethargy
can be the only presenting symptom, thus, intussusception should be included in the
evaluation of unexplained altered consciousness.34

Physical Examination

Early in the course of intussusception, the child’s vital signs are usually normal. When
in pain, the child is often writhing and difficult to examine. During painless intervals, the
Box 2

Evidence implicating viral trigger in idiopathic intussusception

� Thirty percent of patients experience viral illness (upper respiratory infection, GI, otitis media)
before intussusception.

� Incidence of intussusception varies directly with seasonal respiratory viral illness.29

� There is an 8-fold increase in intussusception among infants vaccinated with early form of
rotavirus vaccine.30

� Recent adenovirus documented in up to 50% of intussusceptions.31

a Rotashield, the new generation of rotavirus vaccine, has not been implicated in
intussusception.30

Data from Refs.29–31



Box 3

Pathologic lead points in children

Benign focal bowel abnormalities
� Meckel diverticulum
� Polyps
� Enteric duplication cysts
� Vascular malformation
� Foreign body

Malignant lead points
� Lymphoma
� Melanoma
� Lymphosarcoma
� Bowel tumor

Systemic diseases
� Henoch-Schonlein purpura resulting in small bowel wall hematomas
� Cystic fibrosis
� Crohn disease
� Celiac disease
� Hemolytic uremic syndrome
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belly is typically not tender. An abdominal mass may be palpable or even visible in a
thin child. Rectal examination may yield blood or bloody mucus. As the obstruction
worsens and the intussusceptum becomes more ischemic, the child may become
febrile, hypovolemic, and tachycardic. Hypotension and peritonitis are ominous find-
ings owing to bowel perforation and sepsis, thus, prompt diagnosis, resuscitation, and
operation are imperative for survival.

DIAGNOSIS
Laboratory Studies

No specific laboratory studies point to the diagnosis of intussusception. Late in the
disease process there may be electrolyte abnormalities caused by hypovolemia and
anemia. There may be a leukocytosis caused by gut ischemia.

Ultrasonography

Ultrasonography for the evaluation of intussusception has been in use since the 1970s
and has become the method of choice for detecting intussusception at most institu-
tions.35 Ultrasonography is an ideal screening modality because it avoids radiation
exposure, and in experienced hands has a sensitivity and specificity approaching
100%. The intussusception is usually detected in the right side of the abdomen.
The classic finding is referred to as the target sign, in which concentric alternating rings
of low and high echogenicity are seen, representing the layers of intestine and mesen-
teric fat within the intestine (Fig. 2). Ultrasonography can also detect the rare case of
ileoileal intussusception and is effective at identifying a pathologic lead point when
present. More recently, ultrasonography is used to monitor the success of intussus-
ception reduction procedures.36

Abdominal Radiographs

Plain radiographs are often obtained as part of the routine evaluation of patients
with abdominal symptoms (Fig. 3). Plain radiographs are much less sensitive than ul-
trasonography at detecting intussusception. Thus, if there is a high clinical suspicion



Fig. 2. Ultrasound scan of ileocolic intussusception shows the target sign.
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for intussusception, ultrasonography, not plain radiographs, should be the first diag-
nostic maneuver. Radiographic findings suggestive of intussusception are listed
in Box 4.37

Computed Tomography and MRI

An intussusception can be identified on both computed tomography (CT) and MRI.
However, neither modality is routinely used to evaluate for intussusception because
they cannot reduce the intussusception, often require sedation in young children,
and can be time consuming. CT also exposes the child to a considerable dose of ra-
diation. Small bowel intussusceptions that are detected on CT or MRI are usually tran-
sient and clinically insignificant.
Fig. 3. Abdominal plain film shows concern for small bowel obstruction with multiple air-
filled loops of dilated small bowel (solid arrow) with the absence of gas in the right lower
quadrant (dashed arrow).



Box 4

Radiographic findings concerning for intussusception

� Signs of intestinal obstruction (dilated small bowel and air-fluid levels)

� Abdominal mass

� Target sign

� Absence of air in cecum

� Obscured liver margin

� Lateralization of the ileum
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Contrast Enema

The availability of ultrasonographic expertise is limited at many institutions. Therefore,
some institutions use contrast enema under fluoroscopy to establish the diagnosis of
intussusception. In the presence of an intussusception, the study is converted to a
therapeutic hydrostatic reduction of the intussusception.
TREATMENT

Stable patients with a high clinical suspicion or radiographic evidence of intussus-
ception should undergo nonoperative reduction as the first-line therapy. Evidence
of intestinal perforation, peritonitis, or hemodynamic instability is an absolute contra-
indication to nonoperative reduction and warrants an emergency operation. Before
attempting reduction, the patient should be adequately resuscitated with intrave-
nous fluids.
NONOPERATIVE REDUCTION

Nonoperative reduction of an ileocolic intussusception using hydrostatic or pneumatic
pressure enema is effective and safe in children. Both reduction techniques can be
performed under sonographic or fluoroscopic guidance. Although ultrasound scan
avoids radiation exposure, sonographic and fluoroscopic guidance techniques have
comparable success rates.38 In practice, the choice between hydrostatic or pneu-
matic reduction and between sonographic or fluoroscopic guidance is largely dictated
by the expertise of the individual performing the procedure.
Although the risk of intestinal perforation is only about 1%,39 the surgical team

should be notified that reduction is being attempted in the event of perforation or failed
reduction. Bowel perforation during attempted pneumatic reduction can result in
massive pneumoperitoneum and respiratory compromise from abdominal compart-
ment syndrome. Emergency decompression of the pneumoperitoneum with an
angiocatheter can relieve the compartment syndrome until the perforation and intus-
susception can be definitively repaired. The utility of antibiotics before reduction to
prevent bacterial translocation or as preemptive treatment in the event of perforation
has not been established.40 Fevers are common after reduction of an intussusception
because of bacterial translocation or the release of endotoxin and cytokines. The
intussusceptum is edematous after reduction, which may itself act as a lead point
and lead to recurrent intussusception in the short term. After successful reduction
of an intussusception, the patient should be observed for 12 to 24 hours or until toler-
ating a normal diet.
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Hydrostatic Reduction

Hydrostatic reduction was historically performed with barium under fluoroscopic guid-
ance. Today, water-soluble contrast is commonly used because of the potential haz-
ards of barium peritonitis in the event of intestinal perforation. The standard technique
is to place a large, lubricated catheter into the rectum and tape the buttocks together
to prevent leakage. Balloon catheters are generally avoided. As described in Box 5,
the contrast reservoir is placed 3 feet above the patient to generate a hydrostatic col-
umn of pressure. Under fluoroscopy or ultrasound guidance, the contrast agent is
instilled until a concave filling defect is seen (Fig. 4). Hydrostatic pressure is
administered as long as the intussusceptum is reducing. Reduction is complete
when contrast flows freely into the terminal ileum. Successful reduction rates range
from 80% to 95%.41

Pneumatic Reduction

Pneumatic reduction of intussusceptions gained popularity in the 1980s. Air enemas
reduce the intussusception more easily and are more effective than hydrostatic en-
emas. A recent meta-analysis showed the success rate of reducing an intussuscep-
tion with an air enema was 83% compared with 70% for hydrostatic enema.42 A
large catheter is placed into the rectum and the buttocks are taped closed. A sphyg-
momanometer is used to monitor the intracolonic pressure, typically not to exceed
120 mm Hg. The colon is pressurized under fluoroscopy or ultrasonography, moni-
toring for the reflux of air into the terminal ileum and disappearance of the mass at
the ileocecal valve that indicates complete reduction of the intussusception (Fig. 5).
Carbon dioxide can be used instead of air because it is rapidly absorbed and may
be less uncomfortable.
Several studies found improved reduction rates with delayed, repeated attempts at

nonoperative reduction in clinically stable patients. In one large series, delayed
repeated attempts at reductions were made in 15% of cases and were successful
in 50% of cases.43 Protocols call for a 30-minute to 24-hour interval between attempts
at reducing an intussusception.44,45

RECURRENCE

Intussusception recurs in approximately 10% of patients after successful reduction.
The recurrence rate is similar for the different modes of reduction. About one-third
of recurrent intussusceptions occur within the first 24 hours, often after initiation
of feedings.46,47 The parents are most closely attuned to the signs of intussuscep-
tion in their child and should be on the lookout for evidence of recurrence. Recur-
rence does not mandate operative reduction. Each recurrence should be treated
as if it were an initial episode of intussusception.44,48 However, multiple recur-
rences should heighten the concern for the presence of a pathologic lead point
(Box 6).
Box 5

Rule of 3s for hydrostatic reduction

1.Hydrostatic column 3 feet above the patient

2.No more than 3 attempts at reduction

3.Each attempt less than 3 minutes long



Fig. 4. Hydrostatic contrast enema. Arrow shows the leading edge of the intussusceptum.
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OPERATIVE TREATMENT
Open Reduction

Operative reduction of the intussusception is indicated when enema reduction has
failed, there is peritonitis, or there is evidence for a pathologic lead point. An open
exploration is typically performed via a transverse right lower quadrant incision, as
intussusception most commonly involves the terminal ileum and cecum. The classical
teaching is to avoid pulling the intussusceptum and intussuscipiens apart but rather
push the leading edge of the intussusceptum from distal to proximal. Once the
Fig. 5. Pneumatic reduction of intussusception. (A) Arrow shows the leading edge of the in-
tussusceptum. (B). Successful reduction of intussusception. Arrow marks air in the terminal
ileum.



Box 6

Clinical summary of nonoperative reduction of intussusception

� Pneumatic reduction is superior to hydrostatic reduction.

� Ultrasonography and fluoroscopy are comparable for guiding reduction.

� If initial attempts at reduction fail, delayed repeat enema may be successful.

� Intussusception recurs in about 10%.

� Each recurrence should be treated as if it were an initial episode of intussusception.
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intussusception is reduced, the bowel should be evaluated for viability, perforation,
and pathologic lead point. The bowel is generally ischemic and edematous. In the
absence of a pathologic lead point, bowel resection is rarely required.49

Laparoscopic Reduction

Laparoscopy was initially used as a diagnostic adjunct in intussusception to either
confirm the diagnosis or search for a pathologic lead point. Several recent studies
describe the laparoscopic reduction of intussusception through 3 small abdominal
ports.50 Unlike the open operation, it is necessary to place gentle traction on the intus-
susceptum and intussuscipiens. It is important to evaluate for traumatic injury to the
bowel after reduction. Little is lost by first attempting laparoscopic reduction. If this
cannot be accomplished safely, the operation should be converted to a laparotomy.
About 30% of attempted laparoscopic reductions are converted to laparotomy.50,51

SUMMARY

The differential diagnosis for LGIB in children is broad; however, the age of the patient
helps narrow the diagnosis. Although most episodes of LGIB are benign and do not
warrant hospitalization or surgical intervention, physical examination findings and
the clinical condition dictate the need for further diagnostic tests and possible inter-
vention. Intussusception is most common in children younger than 3 years. The diag-
nosis of intussusception is typically made with ultrasonography. Nonoperative
reduction, either hydrostatic or pneumatic, should be attempted in a clinically stable
patient without evidence of perforation, peritonitis, or hemodynamic instability.
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