
976  AJR:210, May 2018

ferential air-fluid levels. Rectal gas is best as-
sessed with a prone view. In the setting of ob-
struction, the initial abdominal radiographs, 
in combination with clinical symptoms, help 
differentiate proximal from distal bowel ob-
structions. When possible, monitoring equip-
ment and the comfort pads should be removed 
from the FOV to optimize radiographic evalu-
ation and reduce radiation dose [1, 2].

Certain neonatal bowel disorders have a pa-
thognomonic appearance on conventional ra-
diographs, precluding the need for further im-
aging. For example, in the setting of isolated 
EA or EA with proximal TEF (Gross types A 
and B), radiographs show a gasless abdomen. 
A double bubble on conventional radiographs 
refers to the gaseous distention of the stomach 
and a dilated duodenal bulb, and is diagnostic 
of duodenal atresia [3]. A triple bubble refers 
to the characteristic additional gaseous disten-
tion of a third hollow viscous—that is, a dilat-
ed proximal jejunal loop—related to a proxi-
mal jejunal atresia [3].

Fluoroscopy
After conventional radiographs, a fluoro-

scopic upper GI series (UGI) is the next step 
in the radiologic evaluation of the esopha-
gus, stomach, and proximal small bowel. 
Suspected malrotation requires an emergent 
UGI, because findings on radiographs can be 
normal. A UGI may also elucidate the anato-
my of upper intestinal obstruction when con-
ventional radiographs are indeterminate [3]. 
For neonates, a UGI is performed with the 
patient recumbent while lateral and frontal 
projections of the esophagus, stomach, and 
duodenum are obtained. In certain cases, 
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N
eonatal bowel disorders com-
prise a variety of congenital and 
acquired entities of both the up-
per and lower gastrointestinal 

(GI) tracts. We focus our discussion on the 
most common entities for which radiologic 
evaluation plays a substantial role in diagno-
sis. We first outline a general radiologic ap-
proach to these disorders and subsequently 
elaborate on individual diseases. Although 
some neonatal bowel disorders may be diag-
nosed prenatally, a discussion of prenatal 
features is largely beyond the scope of this 
article. With respect to the upper GI tract, we 
will describe esophageal atresia (EA) and 
tracheoesophageal fistula (TEF); pyloric ste-
nosis; duodenal web, stenosis, and atresia; 
and malrotation. Regarding the lower gastro-
intestinal tract, we will discuss jejunoileal 
and colonic atresias, meconium ileus, ano-
rectal malformations, functional immaturity 
of the colon, Hirschsprung disease (HD), and 
necrotizing enterocolitis (NEC).

Imaging Algorithm
Radiography

The radiographic evaluation of neonatal 
bowel disorders begins with a supine frontal 
radiograph of the abdomen. An imaging algo-
rithm for bilious emesis, a common present-
ing sign of a neonatal bowel emergency, is 
presented in Figure 1. If esophageal patholo-
gies are suspected, the chest may also be in-
cluded in the examination. If there is clinical 
concern for perforation, ischemia, or obstruc-
tion, a left lateral decubitus or cross-table lat-
eral view may be obtained to evaluate for free 
intraperitoneal or portal venous gas and dif-
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OBJECTIVE. Neonatal bowel disorders require prompt and accurate diagnosis to avoid 
potential morbidity and mortality. Symptoms such as feeding intolerance, emesis, or failure 
to pass meconium may prompt a radiologic evaluation. 

CONCLUSION. We discuss the most common neonatal bowel disorders and present a 
practical imaging algorithm for trainees and general radiologists. 
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placement of a nasoenteric tube may assist 
in control of the contrast bolus. When there 
is concern for TEF, the patient is ideally po-
sitioned prone, and contrast agent is instilled 
into the esophagus in the lateral projection. 
Of note, prone imaging in the lateral projec-
tion requires use of a mobile C-arm position-
er fluoroscopy unit.

To exclude malrotation, meticulous tech-
nique, with both frontal and lateral projec-
tions, is required (Fig. 2). Attention must 
be paid to patient positioning so that fron-
tal and lateral projections are obtained with-
out obliquity. To study the gastric outlet and 
duodenum, the patient is placed in the right 
lateral decubitus position until contrast agent 
distends the second portion of the duode-
num. The patient is then positioned supine 
to document the duodenal-jejunal junction in 
the frontal projection. The patient may then 
be placed in the right lateral decubitus po-
sition a second time to document the loca-
tion of the fourth portion of the duodenum. 
A normal lateral projection of the duodenum 
shows a posterior or retroperitoneal location 
of both the proximal and distal portions of 
the duodenum. A normal frontal projection 
confirms that the duodenal-jejunal junction 
is to the left of the spine at the level of the py-
lorus. Ideally, the first bolus of contrast agent 
is imaged as it passes through the duodenum, 
because contrast-filled loops of jejunum may 
obscure the course of the duodenum on sub-
sequent boluses.

Enemas with contrast material (CE) are 
used to define the anatomy of the rectum, co-
lon, and distal small bowel, often in the set-
ting of suspected distal obstruction. A soft-
tipped catheter is inserted into the rectum, 
and contrast agent is instilled retrograde. 
Both lateral and frontal rectal images are im-
portant to obtain if HD or anorectal malfor-
mation is suspected. The study is considered 
complete once opacification of the cecum or 
distal small bowel is achieved. Full disten-
tion of the colon may be impossible in the 
setting of colonic atresia. 

With both UGI and contrast enema exam-
inations, adherence to the ALARA (as low 
as reasonably achievable) principle helps to 
mitigate patient radiation exposure. Suggest-
ed methods to reduce radiation dose to the 
patient include using intermittent pulsed flu-
oroscopy, last image capture, and appropriate 
collimation; removing the antiscatter grid; 
avoiding digital magnification; and shorten-
ing the distance between the patient and the 
image intensifier.

Ultrasound, CT, and MRI
In recent years, the role of ultrasound has 

become increasingly defined for particular 
neonatal bowel disorders. Ultrasound is the 
mainstay for diagnosis in suspected pylor-
ic stenosis, with a sensitivity and specifici-
ty that approach 100% [4–6]. With respect 
to NEC, sonography complements conven-
tional radiography by providing a real-time 
assessment of bowel peristalsis, perfusion, 
and wall thickness, as well as characteriza-
tion of peritoneal fluid [6–8]. UGI remains 
the study of choice for suspected malrota-
tion [6]. Cystic abdominal masses, such as 
bowel duplication cysts, meconium pseudo-
cysts, and mesenteric cysts, are well depicted 
by sonography.

CT and MRI are infrequently used to as-
sess neonatal bowel disorders because of the 
inherent radiation dose related to CT and po-
tential need for sedation for MRI examina-
tions. However, in complex cases, these mo-
dalities may be used for problem solving. As 
MRI technology advances, the potential for 
MRI without sedation using fast MRI se-
quences may expand its role. A recent study 
showed the feasibility of high-resolution 
MRI without sedation in infants up to age 
4 months with anorectal malformations [9].

Upper Intestinal Neonatal 
Bowel Disorders
Esophageal Atresia and 
Tracheoesophageal Fistula

EA may be seen in isolation or in associ-
ation with a TEF. EA has an estimated fre-
quency of 1 in 2500–3000 live births [10]. 
TEFs may be classified on the basis of their 
anatomic location and configuration using 
the Gross classification (Fig. 3), which in-
cludes the following: type A, isolated EA; 
type B, EA with a proximal TEF; type C, 
EA with a distal TEF; type D, EA with both 
proximal and distal TEFs; and type E, TEF 
without EA [11]. Patients with EA, including 
up to 65% without TEF, may have addition-
al anomalies of the cardiovascular, musculo-
skeletal, gastrointestinal, and genitourinary 
systems [11]. The designation “VACTERL” 
is defined as three or more anomalies of 
the vertebral, anorectal, cardiac, tracheal, 
esophageal, renal, and limb systems without 
a chromosomal aberration.

Prenatal sonography of fetuses with EA 
may show polyhydramnios and absence of 
the stomach bubble. If EA is undiagnosed 
prenatally, patients typically present in the 
early postnatal period with feeding difficul-

ties, drooling, and cyanosis or apnea while 
feeding [11]. At clinical examination, the in-
ability to place a nasogastric tube may be di-
agnostic. Neonates with isolated EA, or EA 
with a proximal TEF, will have an absence of 
abdominal bowel gas on conventional radio-
graphs. With a distal TEF, although the ab-
domen may initially be gasless, bowel gas is 
typically seen after 4 hours of life [12]. Bron-
choscopy is considered the diagnostic test 
of choice for TEF in the setting of EA [13, 
14]. UGI examination is generally contrain-
dicated in EA because of the risk of aspira-
tion [15]. After surgical repair, UGI can help 
diagnose complications such as anastomotic 
leak, which is seen in 15–20% of patients, 
and stricture formation, which is present in 
30–40% of these patients [11].

Hypertrophic Pyloric Stenosis
Hypertrophic pyloric stenosis (HPS) is a 

form of gastric outlet obstruction due to ab-
normal thickening and elongation of the py-
lorus. Although the exact cause of HPS is un-
clear, both environmental and genetic factors 
likely contribute to its development. Male 
sex, primiparity, prematurity between 28–36 
weeks’ gestational age, and postnatal eryth-
romycin exposure are recognized risk fac-
tors [16]. In addition, five genetic loci have 
been associated with HPS [16]. HPS typically 
presents between 2 and 12 weeks of age with 
nonbilious projectile emesis [16]. The classic 
physical examination sign of a palpable “ol-
ive” related to the thickened elongated pyloric 
channel has become less common, likely be-
cause of earlier diagnosis [17].

In the past, before the refinement of ultra-
sound, UGI was used to diagnose HPS. At 
UGI, contrast agent within a narrowed elon-
gated pyloric channel results in a “string” 
sign (Fig. 4A). The impression of the thick-
ened muscular channel on the antrum or 
duodenum creates the shoulder and mush-
room signs, respectively. Dynamic evalua-
tion of the stomach reveals hyperperistalsis 
of the stomach with minimal egress of con-
trast agent. Ultrasound has replaced UGI as 
the study of choice for suspected HPS be-
cause of its high sensitivity and specificity 
and lack of ionizing radiation. In HPS, the 
single muscular wall thickness measures 
greater than or equal to 3 mm, and the py-
loric channel length measures greater than 
or equal to 15 mm [18] (Fig. 4B). Imaging in 
the right lateral decubitus position may help 
to mitigate a limited acoustic window from 
a gaseously overdistended stomach [16]. As 
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with UGI, gastric emptying may be assessed 
with ultrasound dynamically. Pylorospasm, 
which is a temporary closing of the pyloric 
channel due to muscle spasm, is a pitfall in 
diagnosis. Pylorospasm can be excluded by 
prolonged or repeat imaging [16]. At our in-
stitution, we reimage the pylorus with ultra-
sound after 20–30 minutes if pylorospasm is 
initially suspected.

Duodenal Obstruction and Duodenal Atresia
Duodenal atresia results from failure of 

gut recanalization during embryologic de-
velopment, which causes a complete obstruc-
tion. Duodenal atresia may be seen as an iso-
lated finding or in association with trisomy 
21. At prenatal sonography, polyhydramnios 
in combination with a double bubble may be 
present, with fluid distending a dilated stom-
ach and proximal duodenum. Common pre-
senting symptoms in the undiagnosed neo-
nate are bilious or nonbilious emesis. The 
characteristic radiographic double bubble 
sign is diagnostic of duodenal atresia in neo-
nates (Fig. 5), signifying a gas-filled dilated 
stomach and duodenal bulb. Although the re-
mainder of the abdomen is typically gasless, 
rarely distal gas is seen if an anomalous bili-
ary duct joins the duodenum on both sides 
of the atretic duodenal segment [19]. In this 
case, a UGI may confirm the diagnosis of du-
odenal atresia.

Duodenal Stenosis and Duodenal Web
In contrast to duodenal atresia, duodenal 

stenosis and web are partially obstructing 
lesions. As the name implies, duodenal ste-
nosis is a narrowed (typically second) seg-
ment, as can be seen at UGI, related to in-
complete recanalization. A duodenal web is 
a thin membrane that partially obstructs and 
also usually occurs in the second segment 
of the duodenum, at the level of the ampul-
la of Vater [20]. At UGI examination, a duo-
denal web may show a windsock deformity, 
as contrast agent distends a dilated proxi-
mal duodenum and outlines a thin web that 
bulges into the nondilated distal segment. A 
windsock deformity may also be seen sono-
graphically if the distal segment is fluid- or 
gas-filled, which allows the differentiation 
between a duodenal web and duodenal atre-
sia [20]. Of note, duodenal stenosis and web 
are strongly associated with malrotation, an-
nular pancreas, and a preduodenal portal 
vein, which should be considered in the dif-
ferential diagnosis of partial or complete du-
odenal obstruction.

Malrotation
Malrotation or intestinal rotation anoma-

lies are a spectrum of conditions caused by 
absent or incomplete bowel rotation during 
the embryologic process of bowel rotation, 
which may also lead to abnormal bowel fixa-
tion [21]. These conditions can be classified 
as true malrotation, atypical malrotation, and 
nonrotation [22]. True malrotation implies 
an abnormal position of the duodenojejunal 
junction or ligament of Treitz in the right up-
per quadrant associated with a high-riding 
cecum in the mid or upper abdomen, with a 
resultant narrow mesenteric pedicle that can 
predispose the patient to potentially cata-
strophic midgut volvulus and bowel ischemia. 
During embryologic development, attempts at 
fixation of the abnormally positioned cecum 
will lead to formation of aberrant adhesive 
peritoneal bands (Ladd bands) that extend 
from the cecum toward the right abdominal 
wall. These bands can overlay the duodenum 
and potentially cause duodenal obstruction 
[23, 24].

In patients with atypical malrotation, the 
ligament of Treitz is at or to the left of mid-
line but below the level of the pylorus and 
may be associated with a high-riding or 
mobile cecum [22, 25, 26]. If atypical mal-
rotation is incidentally diagnosed in old-
er patients without symptoms, observation 
is thought to be appropriate for manage-
ment, whereas surgery may be considered in 
asymptomatic younger patients [22].

Nonrotation represents an incidental find-
ing present in 2% of UGI studies [27] and is 
defined by the absence of embryologic bowel 
rotation, with the small bowel positioned in 
the right abdomen, whereas the colon will be 
located on the left. In nonrotation, the mes-
enteric root is broad, leading to a low risk of 
midgut volvulus [24, 28, 29].

The true incidence of malrotation remains 
unknown because many patients may remain 
clinically silent; the estimated prevalence is 
approximately 1 in 500 live births [30]. Con-
genital diaphragmatic hernia, omphalocele, 
and heterotaxy syndromes have a high associ-
ation with malrotation. Other entities associ-
ated with malrotation include duodenal or in-
testinal atresia or web, biliary atresia, Meckel 
diverticulum, and HD [24, 31].

Bilious emesis in a neonate represents 
the classic clinical presentation of malrota-
tion (Figs. 6A–6C). Cases evolving to bowel 
ischemia will manifest with abdominal pain, 
distention, hematochezia, and eventually hy-
povolemic or septic shock with peritonitis. 

UGI remains the imaging method of choice 
in the diagnosis of malrotation and midgut 
volvulus [22, 28, 31]. Diagnosis of malrota-
tion on UGI relies on meticulous technique 
with documentation of the duodenal course 
achieved on both frontal and lateral views, 
as discussed earlier in the Fluoroscopy sec-
tion, ideally during the first bolus of contrast 
agent, because opacification of proximal je-
junal loops may obscure the duodenal seg-
ments and compromise the examination [28]. 
Findings diagnostic for true malrotation in-
clude abnormal position of the duodenojeju-
nal junction to the right of the spine and prox-
imal jejunal loops located in the right upper 
abdomen. Of note, right-sided jejunal loops 
without other associated abnormalities repre-
sent a normal anatomic variant in 2% of pa-
tients [32].

In midgut volvulus, there is a corkscrew 
configuration of the duodenum with a ta-
pered or beaked appearance [28]. Up to 15% 
of UGI examinations may lead to false-pos-
itive results of malrotation, most commonly 
due to unrecognized anatomic variants such 
as duodenal redundancy or duodenum inver-
sum [31]. Duodenum inversum (Fig. 7) is a 
rare, usually asymptomatic, congenital con-
dition characterized by a superior and pos-
terior track of the third duodenum before 
crossing the midline at a high level above 
the pancreas toward the ligament of Treitz, 
which is usually in a normal position [33, 34]. 
Duodenal redundancy or wandering duode-
num (Fig. 8) will present with a meander-
ing course of the proximal duodenum, which 
may form one or multiple loops to the right of 
the spine, but crossing the midline at a nor-
mal level and also with a normal position of 
the ligament of Treitz [31, 34].

In addition, malrotation may be misdiag-
nosed in the setting of apparent displacement 
of the duodenojejunal junction, which may 
be present in children younger than 4 years 
due to ligamentous laxity, in patients with in-
dwelling entering tubes, or due to mass effect 
from liver transplant, splenomegaly, or renal 
or retroperitoneal tumors [24, 28, 31]. The 
duodenal-jejunal junction may also be dis-
placed in the setting of a distended stomach, 
small bowel, or colon. If UGI results are not 
definitive for the diagnosis of malrotation, a 
small-bowel follow-through or CE may be 
performed, depending on the patient’s clini-
cal status, to evaluate the cecal position, from 
which one may infer the length of mesentery. 
The position of the cecum is however normal 
in 20% of cases of malrotation [35, 36].
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Lower Gastrointestinal Neonatal 
Bowel Disorders
Jejunoileal Atresia

Jejunoileal atresia is thought to arise from 
intrauterine vascular insult, which results in 
necrosis and resorption, leading to segmen-
tal stenosis. The frequency is estimated at 1 
in every 3000–5000 live births [37]. Clini-
cal presentation is early in life and is charac-
terized by bilious emesis in proximal atresia 
and abdominal distention and failure to pass 
meconium in distal atresia.

Radiographic appearance is dependent on 
the site of obstruction and timing of prenatal 
injury. In proximal jejunal atresia, the classic 
appearance is a triple bubble, with gaseous 
distention of the stomach, duodenum, and 
proximal jejunum (Fig. 9). This is in contra-
distinction to distal atresia, which is char-
acterized by numerous distended loops of 
bowel (Fig. 10A). Multiple or long-segment 
atresias can have a mixed appearance. Re-
gardless of the location of small-bowel atre-
sia, peritoneal calcifications may be present 
secondary to in utero perforation and meco-
nium peritonitis.

UGI may be considered for proximal atre-
sia, and CE is indicated for suspected distal 
atresia. However, in either case, the exami-
nations may be complementary to exclude 
an additional distal stenosis or atresia in the 
former scenario, or malrotation in the clini-
cal presence of bilious emesis in the latter 
scenario. As with conventional radiographs, 
the fluoroscopic appearance can be vari-
able and is dependent on the location of the 
atresia. Microcolon is defined as a diffuse-
ly small caliber, but normal in length, colon 
(Fig. 10B) and results from a functionally 
unused or underutilized colon. Microcolon 
is the typical finding on CE for distal small 
bowel (ileal) and multiple or segmental atre-
sias. Conversely, proximal jejunal atresia can 
present with a normal appearance of the co-
lon on CE. This is due to a larger length of 
small bowel that is in continuity to the colon, 
resulting in a normal utilized appearance.

Meconium Ileus
Meconium ileus is neonatal obstruction of 

the distal ileum due to abnormally thick and 
tenacious meconium. Up to 90% of full-term 
neonates with meconium ileus have cystic fi-
brosis [38]. The frequency of cystic fibrosis 
is 1 in 3500 white live births [39]; it is much 
rarer in patients of other races. The patho-
physiology of cystic fibrosis is genetic muta-
tion in the CFTR gene, which alters cellular 

chloride ion exchange and leads to dehydra-
tion of the intraluminal contents, resulting in 
thickened meconium.

Uncomplicated or simple cases of meco-
nium ileus present radiographically as a typ-
ical distal small-bowel obstruction with di-
lated upstream bowel. Complicated cases of 
meconium ileus are defined by the presence 
of segmental volvulus, atresia, necrosis, or 
perforation [40] and can have a more vari-
able radiographic appearance. In the case of 
necrosis or perforation, the leak of meconi-
um causes an inflammatory response leading 
to meconium peritonitis, which manifests as 
peritoneal calcifications and, when walled 
off, leads to meconium pseudocyst forma-
tion. The meconium peritoneal calcifications 
can be detected either radiographically or so-
nographically. However, pseudocyst forma-
tion is best characterized by ultrasound (Fig. 
11). A mesenteric pseudocyst can be singu-
lar or multiple and may have thickened walls 
with irregular septations and associated mu-
ral calcifications.

On CE, similar to distal small bowel atre-
sia, meconium ileus will present with a mi-
crocolon. However, when contrast material 
is refluxed into the terminal ileum, multiple 
characteristic filling defects representative of 
the tenacious meconium are present. The use 
of water-soluble contrast agent, rather than 
barium, is important in this entity because it 
is both diagnostic and potentially therapeu-
tic. Water-soluble contrast agents vary in os-
molality. In the clinical scenario of meconium 
ileus, a contrast agent that is hyperosmotic to 
plasma is preferred for therapeutic reasons be-
cause it will draw water into the lumen of the 
bowel, aiding the disimpaction. Diatrizoate 
meglumine and diatrizoate sodium (Gastro-
grafin, Bracco Diagnostics) is highly hyperos-
motic (1940 mOsm/kg water) compared with 
other water-soluble agents, such as iothala-
mate meglumine (400 mOsm/kg water; Cys-
to-Conray II, Mallinckrodt), and care must be 
taken to ensure that the child is adequately hy-
drated, if diatrizoate meglumine with diatri-
zoate sodium is used. In simple cases of me-
conium ileus, the published success rates for 
disimpaction with water-soluble enemas is 
5–83% [40].

Imperforate Anus and Colonic Atresia
Imperforate anus is usually clinically evi-

dent and may be diagnosed by prenatal ul-
trasound secondary to dilation of upstream 
bowel. Other less common prenatal ultra-
sound findings of anal atresia are failure to 

demonstrate the anus and enteroliths, which 
are calcifications of the meconium caused 
by mixing of urine secondary to associated 
genitourinary anomalies [41, 42]. The esti-
mated incidence of anorectal malformation 
is 1 in 2500–5000 live births [43]. There is 
an association with trisomy 18 and 21 and 
VACTERL syndromes; however, most cases 
are sporadic.

Radiographically, the appearance is similar 
to that of other distal obstructions with dilat-
ed upstream bowel loops. Although a CE can-
not be performed, a voiding cystourethrogram 
may be performed to evaluate for associated 
genitourinary tract anomalies. Management 
typically involves an upstream colostomy 
and mucous fistula distally. Before attempt-
ed creation of a neorectum, fluoroscopy of 
the mucous fistula may be useful for presurgi-
cal planning. This evaluation variably shows 
an unused appearance of the distal colon and 
can reveal additional associated genitourinary 
anomalies, such as fistulas (Fig. 12).

Colonic atresia is a rare disease with an 
incidence of 1 in 66,000 live births [44]. The 
three types described in the literature [45] 
are a colonic membrane (type 1), discontinu-
ity of colon with a fibrous band and an in-
tact mesentery (type 2), and separated colon 
with a mesenteric defect (type 3). As with 
anal atresia, this entity can be detected on 
prenatal ultrasound with dilated fluid filled 
upstream bowel.

Classically, colonic atresia will appear sim-
ilar to other distal obstructions by convention-
al radiographic evaluation. At fluoroscopic 
evaluation, the three types are generally indis-
tinguishable, with an abrupt cutoff of the co-
lon typically shown. However, type 1 colonic 
atresia can have a pathognomonic windsock 
sign due to the contrast material distending or 
bulging the pathologic membrane [46].

Functional Immaturity of the Colon
Functional immaturity of the colon is also 

known as “small left colon syndrome” and 
“meconium plug syndrome.” The latter term 
may cause confusion because meconium 
plugs located in the terminal ileum are re-
ferred to as “meconium ileus,” as discussed 
already. Functional immaturity of the colon 
is, however, a transient obstruction of the dis-
tal colon. In this entity, the meconium materi-
al is in the colon, not the terminal ileum, and it 
is not the underlying cause of the obstruction 
but a consequence of the functional obstruc-
tion. The cause of the functional obstruction 
is unclear but is thought to be secondary to 
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immaturity of the ganglion cells or hormone 
receptors. The frequency is higher in children 
of diabetic mothers and neonates of mothers 
who receive magnesium sulfate as part of the 
treatment for preeclampsia [47]. These neo-
nates typically present with delayed passage 
of meconium and abdominal distention. The 
prognosis is excellent in these cases, and the 
symptoms typically resolve in a few days.

On conventional radiographs, there can be 
multiple dilated segments of bowel, similar to 
other distal obstructions, such as ileal atresia 
and meconium ileus. However, in utero  bowel 
perforation has not been reported, and thus 
peritoneal calcifications have not been de-
scribed. On CE, a microcolon should not be 
present. As the alternative name of “small left 
colon syndrome” implies, only the distal co-
lon will be small, which is distinctly different 
from microcolon, which is a diffuse process 
involving the entire colon. Although the distal 
colon is small, the rectosigmoid ratio should 
remain normal (Fig. 13). Contrast typically 
outlines meconium plugs within the colon.

Hirschsprung Disease
HD is a congenital disorder of the enter-

ic nervous system. The incidence is 1 in ev-
ery 5000 live births [48]. There is a 2.5:1 to 
5:1 male predilection. Approximately 3–8% 
of cases are familial, with multiple mutations 
identified [49]. It is characterized by absence 
of the ganglion cells of the myenteric and 
submucosal plexus of the rectum and colon. 
The aganglionic segment lacks the signal 
to relax and, thus, is in a constant state of 
spasm. Neonates typically present with fail-
ure to pass meconium and abdominal disten-
tion. Although the fluoroscopic findings may 
be suggestive of the diagnosis, imaging alone 
cannot exclude HD, and suction biopsy is re-
quired for definitive diagnosis.

On conventional radiographs, there is gas-
eous distention of numerous loops of bowel, 
similar to the other distal obstructions already 
discussed. CE classically shows a rectosig-
moid diameter ratio of less than 1. Howev-
er as previously stated, a rectosigmoid ratio 
greater than 1 does not exclude HD. CE re-
mains an important diagnostic test for neo-
nates with suspected HD to evaluate for other 
causes of distal obstructions and for preoper-
ative planning. If present, HD nearly always 
affects the distal rectum, and more proximal 
contiguous colonic segments are variably af-
fected. A transition point is often identified 
with upstream dilation (Fig. 14), which may 
mimic the appearance of small left colon syn-

drome, but the rectosigmoid ratio is usual-
ly normal (> 1) in small left colon syndrome. 
Although a transition point may be present at 
imaging, correlation with pathologic agangli-
onosis is sporadic. Jamieson et al. [50] showed 
an overall concordance of 62.5% between im-
aging and pathologic analysis and, in a sub-
group of long-segment HD, a concordance 
of only 25%. A sawtooth pattern of the distal 
rectum may be seen at fluoroscopy, represent-
ing spasm secondary to aganglionosis. Total 
colonic HD may have an appearance similar 
to that of microcolon, although a more round-
ed configuration of the colon creating a ques-
tion mark– or comma-shaped colon has been 
described [51].

Necrotizing Enterocolitis
Despite a gradual decrease in incidence 

over the last 10 years because of improved 
prevention strategies [52, 53], NEC remains 
the most common gastrointestinal emergen-
cy in neonatal ICUs [54]. The pathogene-
sis of this inflammatory bowel condition is 
thought to be multifactorial, with immature 
bowel function, bowel hypoxia or ischemia, 
type of enteral feeding, and disruption of gut 
microbiota likely representing contributing 
factors [52, 54–56]. NEC remains primari-
ly a disease of premature infants, especially 
those with birth weight below 1500 g [7, 57, 
58]. However, approximately 10% of cases 
are seen in full-term neonates [59], with up 
to one-third of these cases presenting in as-
sociation with congenital heart disease, par-
ticularly entities predisposing to alterations 
of bowel perfusion, such as left ventricular 
outflow lesions or single ventricle physiolo-
gy [60–62]. The classic presentation of NEC 
in premature infants includes abdominal 
distention, feeding intolerance, and bloody 
stools. In premature infants, NEC typical-
ly occurs in the second or third week of life 
[63]. In contrast, NEC tends to manifest ear-
lier in full-term neonates, during the first 
week of life [64, 65].

Imaging with radiography and ultrasound 
plays an essential role in the diagnosis of 
NEC, as well as in monitoring disease pro-
gression. Radiography remains the imaging 
modality of choice, with abdominal radio-
graphs performed every 6 hours [66] dur-
ing the NEC watch until remission of symp-
toms and finding, or progression is seen. The 
bowel gas pattern in NEC can include vari-
ous findings, ranging from diffuse nonspe-
cific gaseous distention due to ileus [7, 67] to 
fixed dilated loops of bowel, thought to rep-

resent an impending sign of perforation from 
full-thickness wall necrosis, to a completely 
gasless abdomen in the setting of dilated bow-
el loops filled with fluid [68, 69]. Pneumatosis, 
with curvilinear or bubbly lucencies parallel-
ing the bowel wall, represents a pathogno-
monic sign for NEC. Pneumatosis frequently 
involves the right lower quadrant within dis-
tal small bowel and proximal colonic walls, 
although it may occur in any location along 
the gastrointestinal tract [7]. Portal venous gas 
may be transient and indicates progression to 
severe disease [70]. Although portal venous 
gas is not an indication for surgical interven-
tion, it is significantly associated with the 
eventual need for surgery [69]. Pneumoperito-
neum (Fig. 15) remains an absolute indication 
for surgery and indicates bowel necrosis with 
perforation. Of note, pneumoperitoneum is 
absent in more than half of patients with per-
foration and necrosis [7, 71–73].

The role of ultrasound in NEC varies from 
institution to institution and is operator de-
pendent. Ultrasound does have the potential 
to provide very useful additional informa-
tion beyond radiographs alone, particularly 
in centers with experience. Ultrasound has 
advantages over radiographs that include 
 real-time evaluation of bowel peristalsis, wall 
thickness, and perfusion. As such, ultrasound 
allows diagnosis of NEC in early stages, 
showing increased bowel wall thickening, in-
creased perfusion, and initial pneumatosis at 
a time when radiographs typically show non-
specific bowel distention [66]. In addition, 
portal venous gas and pneumoperitoneum 
can be seen at sonography with at least a sim-
ilar sensitivity as radiographs [7, 74]. Adverse 
outcomes may be predicted when abnormal 
bowel thickness measures above 2.8 mm or 
below 1.1 mm, or when aperistalsis and ab-
sent perfusion, with or without complex free 
fluid, are detected on ultrasound [69, 74].

Conclusion
Radiology plays a fundamental role in 

the diagnosis of neonatal bowel disorders, 
as summarized in Table 1. Prompt diagno-
sis of these potentially life-threatening con-
ditions requires a methodical diagnostic ap-
proach and familiarity with radiographic and 
fluoroscopic patterns of disease. Although 
some entities may be diagnosed by prenatal 
ultrasound or MRI, postnatally radiographs 
and fluoroscopy remain the cornerstones of 
diagnostic imaging for many neonatal bow-
el disorders. The exception is HPS, in which 
ultrasound has essentially replaced UGI ex-
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amination for diagnosis. Furthermore, the 
role of ultrasound in NEC has expanded in 
recent years. We reviewed the key radiolog-
ic features of neonatal bowel disorders that 
will facilitate prompt diagnosis.
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Fig. 1—Imaging algorithm for neonates presenting with bilious emesis. UGI = 
upper gastrointestinal series.

A

Fig. 2—14-day-old boy with bilious emesis. Contrast 
material is seen in stomach.
A, Frontal image from fluoroscopic upper 
gastrointestinal series (UGI) examination shows 
normal position of duodenal-jejunal junction (arrow), 
to left of spine (S) at level of pylorus. 
B, Lateral image from fluoroscopic UGI examination 
shows normal posterior or retroperitoneal position of 
both second (black arrows) and fourth (white arrows) 
portions of duodenum.

B

Fig. 3—Gross classification for esophageal atresia 
and tracheoesophageal fistulas (TEFs). (Illustrations 
by Phillips GS)
A–E, Schematics show type A, isolated esophageal 
atresia (A); type B, esophageal atresia with 
proximal TEF (B); type C, esophageal atresia with 
distal TEF (C); type D, esophageal atresia with both 
proximal and distal TEFs (D); and type E, TEF without 
esophageal atresia (E).
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A
Fig. 4—3-month-old boy with pyloric stenosis. 
A, Lateral image from fluoroscopic upper gastrointestinal series shows characteristic string sign of pyloric 
stenosis (arrows). Small amount of contrast material is seen passing distally. 
B, Transverse sonogram shows elongated thickened pyloric channel (dotted line) measuring 21 mm in length 
with single muscular wall thickness (between calipers) of 5 mm, consistent with pyloric stenosis.

B

Fig. 5—3-day-old boy with duodenal atresia. 
Frontal radiograph shows double bubble that 
is pathognomonic for duodenal atresia, with 
pronounced dilation of gas-filled duodenal bulb 
(arrows) related to chronic obstruction. Gas-filled 
stomach is partially decompressed by nasogastric 
tube. No bowel gas is seen distal to level of 
obstruction.

A
Fig. 6—6-day-old boy with malrotation and Ladd bands. 
A, Frontal abdominal radiograph shows marked gaseous distention of stomach and proximal duodenum, with small amount of bowel gas seen in distal bowel loops in left 
hemiabdomen. 
B and C, Frontal (B) and lateral (C) images from fluoroscopic upper gastrointestinal series again show marked distention of stomach (S) and proximal duodenum (D), with 
abrupt caliber change at level of transverse duodenum suspicious for mechanical bowel obstruction. There is no definite beaking or corkscrew configuration to suggest 
midgut volvulus. Although position of ligament of Treitz is not clearly delineated, on frontal view there is opacification of proximal small bowel loops in right hemiabdomen 
(arrowheads, B). Malrotation with Ladd bands was confirmed at surgery.

CB
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A

Fig. 7—4-month-old boy with duodenum inversum. 
A and B, Frontal serial images from fluoroscopic 
upper gastrointestinal series show redundant course 
of second and third portions of duodenum, with 
third portion of the duodenum with initial cephalad 
orientation eventually crossing midline above level 
of pancreas, consistent with duodenum inversum. 
Ligament of Treitz is to left of spine, slightly higher 
than duodenal bulb. Arrows outline course of 
duodenum.

B

A

Fig. 8—2-year-old girl with duodenal redundancy. 
A and B, Frontal serial images from fluoroscopic 
upper gastrointestinal series show meandering 
second duodenum, with normal position of third and 
fourth duodenum and of ligament of Treitz. Arrows 
outline course of duodenum.

B

Fig. 9—2-day-old boy with proximal jejunal atresia. 
Frontal radiograph of chest and abdomen shows 
three distinct gas-filled structures representing 
stomach (S) and superimposed duodenum (white 
arrows) and proximal jejunum (black arrows).

A
Fig. 10—0-day-old boy with ileal atresia. 
A, Frontal radiograph of abdomen shows diffuse gaseous distention of multiple loops of small bowel indicative 
of more distal obstruction. 
B, Frontal view from enema with contrast material shows diffuse small caliber of colon, consistent with 
microcolon. Appendix (arrow) is partially opacified with contrast material. Note that partially imaged rectum is 
wider than sigmoid colon, resulting in normal rectosigmoid ratio.

B
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A

Fig. 11—1-day-old boy with 
meconium peritonitis and 
pseudocyst. 
A, Cross-table lateral radiograph 
of abdomen shows distended 
abdomen with faint curvilinear 
calcifications (arrows) in lower 
anterior abdomen. 
B, Transverse sonogram of right 
lower quadrant shows irregular 
cyst (arrow) with internal 
echogenic debris.

B

Fig. 12—7-month-old boy with imperforate anus and 
rectourethral fistula. Lateral view from antegrade 
enema with contrast material through anterior 
abdominal wall mucous fistula shows fistulous 
communication (long white arrow) between rectum 
(R) and urethra (black arrows), with contrast material 
also faintly opacifying bladder (short white arrows). 
Note that metallic BB (black dot) was placed at 
expected position of anus on perineum to aid in 
presurgical planning.

Fig. 13—1-day-old boy with functional immaturity 
of left colon. Frontal view from enema with contrast 
material shows small left colon (arrows). Transverse 
(T) and ascending colon are normal. Note that 
rectosigmoid ratio is normal.

Fig. 14—2-week-old boy with long-segment 
Hirschsprung disease. Frontal view from enema with 
contrast material shows transition point (arrow) 
near splenic flexure. Although this may initially be 
confused with functional immaturity of colon, rectum 
is not widest portion of colon, raising suspicion of 
long segment Hirschsprung disease, which was 
confirmed with biopsy.



988 AJR:210, May 2018

Ngo et al.

A

Fig. 15—9-day-old 24-week-premature girl with 
necrotizing enterocolitis and pneumoperitoneum. 
A and B, Frontal chest and abdomen radiograph (A) 
shows multiple distended stacked bowel loops, with 
large pneumoperitoneum (arrows), which is better 
seen on left lateral decubitus view (arrows, B). No 
definite pneumatosis or portal venous gas were 
present. Changes of surfactant deficiency disorder 
are noted in bilateral lungs.

B
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