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Abstract

Context: Neonatal gut ultrasound (US) is an emerging clinical tool for quick diagnosis and
prognosis in various abdominal pathologies. In this review, we summarize normal gut US findings
and concentrate on the specifications of diagnosing necrotizing enterocolitis.

Evidence: A comprehensive literature search was conducted across numerous sources with
relevant keywords along with the specified age group of 0-28 days of life.

Findings: This review describes the normal gut US picture with the basic technicalities needed
to master the art of point-of-care (POC) abdominal US. This modality is gaining importance
due to its accuracy, applicability, safety, and affordability. Key findings include altered bowel
perfusion, decreased peristalsis, and bowel wall thickening with better precision compared to
abdominal X-ray (AXR). Many meta-analyses and narrative reviews have already demonstrated
their usefulness. The high specificity and positive predictive value could make this tool a guide
for early identification and prompt surgical intervention in the dreaded diagnosis of necrotizing
enterocolitis.
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Conclusion: Emerging evidence and expertise in the field of abdominal US will make it a
valuable tool for early diagnosis and prognosis of necrotizing enterocolitis.
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Introduction

Necrotizing enterocolitis (NEC), an acute inflammatory condition of the gut, is a dreaded
complication in premature and critically ill term infants. It is seen in about 5-10% of
very-low-birth-weight (VLBW) infants with mortality rates ranging between 20 and 40%.1-3
The mortality is inversely proportional to gestation and birth weight.3# There is some
information that timely diagnosis of NEC can improve the outcomes in these patients.

Early diagnosis of NEC is often difficult because clinical features such as feeding
intolerance, abdominal distension, and gastrointestinal hemorrhages are non-specific and
so are the routine laboratory tests. Abdominal X-ray (AXR) evaluation has been considered
a gold standard for diagnosing NEC and in assessing its severity, such as in the modified
Bell’s staging.>® The ease of access, cost-effectiveness, and the short learning curve have
made it an integral part of both the diagnosis and monitoring of NEC. However, AXR has
important limitations; the findings of dilated gut loops, air-fluid levels, and ascites can be
non-specific, and others such as pneumatosis, portal venous gas, and fixed bowel loops are
seen only in about half of all cases with confirmed disease.” Therefore, there is a need for
diagnostic tools that are accurate, easy to apply, and yet affordable. Point-of-care (POC)
abdominal ultrasound (US) can fulfill all these criteria; it is inexpensive, portable, not too
uncomfortable for the patient, has a fast turnaround time, can be repeated for monitoring the
course of the disease, and there is no radiation exposure.

The POC abdominal US was first proposed in the 1980s for diagnosis and subsequent
monitoring of NEC.89 Since then, many studies have supported its role in the assessment/
clinical management of NEC.10-15 Even though AXR remains a first-line modality with
more than 90% of neonatologists still relying on it to diagnose and manage NEC,16 POC
abdominal US is gaining importance. Ahle et al.16 conducted a survey and showed that
POC abdominal US was used in combination with AXR for managing NEC in about 58%
of all centers. Abdominal US was done most frequently when the AXR findings were
inconclusive. Many studies have shown that POC abdominal US was better than AXR in
diagnosing NEC.12.13.15.17 However, abdominal US remains underutilized and there is a
need for better awareness and training of neonatologists for early diagnosis and treatment of
NEC, which will likely improve the outcomes.’18

Technique

The imaging of the gastrointestinal tract in POC abdominal US requires a standardized,
structured format. Faingold® published a detailed protocol for doing POC abdominal US
for diagnosing NEC. High-frequency linear probes of 8-20 Hz are recommended for clear
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visualization of the gut wall. Lower-frequency curvilinear probes may be more useful for
imaging free fluid in deeper spaces and in detecting portal venous gas.

Images of all four quadrants of the abdomen should be obtained (Fig. 1) with the probe
placed in the two perpendicular planes—transverse and longitudinal. The procedure is often
easier to perform by nesting or swaddling the infant, who should be monitored for vital signs
during the evaluation. Gas reverberation artifacts (Fig. 2) are seen frequently while doing
POC abdominal US. These can be reduced with gentle compression of the probe and turning
the infant to one side.

The infant should be carefully assessed before placing the sonographic probe(s) as NEC

is frequently associated with abdominal tenderness; there might be a need for analgesics/
conscious sedation. The abdomen should be examined for (A) fluid or free-air collection

and portal venous gas using a lower-frequency curvilinear probe; and (B) findings in the
gastrointestinal tract in grayscale and color Doppler mode. In the grayscale, the intestines
should be evaluated for echotexture, gut wall thickness, dilatation, pneumatosis intestinalis,
and peristaltic movements. These findings may each need to be examined for at least one
minute in each view for changes with peristaltic movements. In the color Doppler mode,

the gut wall vascularity should be assessed in comparison with adjacent bowel loops. The
color Doppler may need to be examined at a velocity of 0.029-0.11 m/seconds with the
lowest possible pulse repetition frequency without aliasing, and with a low wall filter and the
highest Doppler gain settings without flash artifacts. These tools help in better delineation

of intestinal blood flow.1%19 Observations of each quadrant should be documented; the
inability to assess specific region(s) due to artifacts should be recorded for examination at
later time points. Follow-up assessments are frequently performed every 12—24 hours in
view of the dynamic nature of the disease and because gut wall abnormalities may be missed
in some scans because of frequently seen artifacts.

Normal Gut Appearance in Point-of-care Abdominal Ultrasound

Gut Signature—The gut wall on POC abdominal US appears as alternate hyper- and
hypo-echoic layers (Figs 3 and 4). The intestinal wall shows the following five layers from
within outward: The mucosa (hyperechoic), muscularis mucosae (hypoechoic), submucosa
(hyperechoic), muscularis propria (hypoechoic) and serosa (hyperechoic). This alternating
hyperechoic and hypoechoic layers on abdominal US is called the “gut signature”.29:21 The
appearance of these five layers depends on the resolution of the probe, the quality of the
sonogram, and the depth of the gut being studied. In neonates, three layers are more easily
discernible, the most prominent being the hypoechoic muscularis propria. The loss of this
gut signature indicates bowel pathology.

Gut Wall Thickness—Gut wall thickness is age dependent.?2 In neonates, the normal
gut wall thickness varies between 1-2.6 mm (Fig. 5).1523 In NEC, most inflamed intestinal
segments show increased wall thickness. Some segments with ischemia and necrosis are
relatively thin.”24

Perfusion of Normal Gut—Gut wall perfusion can be assessed by placing color Doppler
in the gut wall. Normally, 1-9 color signal dots can be detected per sq. cm at a color

Newborn (Clarksville). Author manuscript; available in PMC 2023 November 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Chetan et al.

Page 4

Doppler velocity of 0.029-0.11 m/s with the lowest possible pulse repetition frequency
without aliasing. The highest Doppler gain settings without flash artifacts indicate normal
physiological bowel wall perfusion (Fig. 6).15 Abnormalities of gut perfusion show no color
dots even at the lowest velocity. However, some segments can show increased dots or there
might be abnormal patterns.”:15:24

Peristalsis in Normal Gut—When POC abdominal US is used for real-time monitoring,
peristalsis can be seen as a worm-like motion; some segments may show displacement of
echogenic fluid in the opening/closing gut lumen. Normal bowel usually shows at least 10
peristaltic movements per minute.1®

Intraluminal Gas Shadows—In the normal intestine, intraluminal gas shadows show as
echogenic dots (Fig. 7). These dots should be differentiated from the echogenic dots present
in the intestinal wall indicating intramural pneumatosis intestinalis.”

Point-of-care Abdominal Ultrasound in Necrotizing Enterocolitis

Probe Tenderness—When an US probe is placed, signs of tenderness, even though non-
specific, may indicate early NEC. Administration of analgesics may provide some comfort
to these patients.

Portal Venous Gas—Echogenic intestinal intramural gas can often be seen escaping from
the mesenteric vessels into the portal venous system in hepatic parenchyma (Fig. 8). On
real-time POC abdominal US assessment, these echogenic foci are typically seen moving
distally. These are seen as sharp bidirectional spikes superimposed on the underlying
waveform on spectral Doppler. Even though these echogenic foci are usually transient and
have low sensitivity, these are highly specific for the recognition of NEC.23 The observers
should note that insertion/manipulation of an umbilical venous catheter(s) can also be seen
as echogenic foci.

Free Fluid Collection—Neonates with NEC may have ascites, which show as anechoic
areas in the abdominal cavity between the gut and the surrounding intraperitoneal structures.
It can be of two types—simple and complex (Fig. 9). Small amounts of simple free fluid

can also present physiologically.1> Complex ascites are more often echogenic and can

show loculations. These findings may indicate intestinal perforation and a need for surgical
intervention.25

Free Air Collection—Pneumoperitoneum, a sign of intestinal perforation, is seen on US
as a hyperechoic line posterior to the anterior abdominal wall. It is easiest to visualize
between the anterior surface of the liver and the abdominal wall (Fig. 10). However, the
examiners should be cautious and not compress the probe as this might displace any air
present in the space between the liver and the abdominal wall.

Loss of Gut Signature—Changes in gut wall echotexture with the loss of gut signature
usually indicate bowel wall pathology. Increased intestinal echogenicity with a loss of the
hypoechoic muscularis signal is a characteristic sign (Fig. 11). This should be differentiated
from the pneumatosis intestinalis, which is usually associated with posterior shadowing.26
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Gut Wall Thickness—The gut should be visualized with measurements of bowel wall
thickness in all four quadrants (Fig. 12A). In the initial stages of NEC, inflammation and
edema are seen as increased bowel wall thickness (>2.5-2.7 mm) (Fig. 12B).1523 L ater,
disease progression with ischemia and necrosis may reduce bowel wall thickness (typically
<1 mm) (Fig. 12C).715:23.24 |n 3 meta-analysis, neonates with low gut wall thickness were
at higher risk of requiring surgery or of death [odds ratio (OR): 7.1, 1.6-32.3] compared to
those with increased thickness (OR: 3.9, 2.4-6.1).25

Loss of Peristalsis—The normal gut has peristaltic movements. Gut pathology in NEC
leads to decreased or absent peristaltic movements (<10/min).1® These findings might be
missed if the bowel is not examined for adequate periods of time.

Pneumatosis Intestinalis—The term pneumatosis intestinalis refers to gas entrapped in
the damaged layers of the bowel wall in NEC. These gases are produced due to bacterial
fermentation of static gut contents in the inflamed bowel and are seen as echogenic dots in
the intestinal wall.2” These dots can range from a few, interspersed hyperechoic lesions in
the gut wall to a large circumferential cloud-like layer that surrounds the bowel wall (circle
sign) (Fig. 13).

Pneumatosis is often a transient finding in NEC and may require repeated POC abdominal
US scans.23 In addition to low diagnostic sensitivity, it also does not aid in predicting the
need for surgery or the eventual outcome in these patients.2> As mentioned above, the
intramural dots of pneumatosis should be differentiated from the normally seen intraluminal
echogenic dots (Fig. 7). Unlike the intramural pneumatosis that can be seen anywhere along
the bowel wall, the intraluminal gas shadows are usually seen in the non-dependent part of
the intestine and get displaced on changing the position of the baby or on the application of
pressure with the probe.

Abnormal Bowel Perfusion—After assessing the gut on a grayscale, further evaluation
of vascularity and bowel perfusion can be performed using color Doppler. Inflamed
segments of the bowel in NEC frequently show hyperemia with increased vascularity. These
changes show characteristic US signatures such as the zebra pattern (increased vascularity
at the mucosal folds of the small intestine resulting in multiple, parallel color lines) (Fig.
14A), Y-shaped patterns (subserosal and mesenteric vessels) (Fig. 14B), ring-shaped patterns
(increased blood flow over the entire circumference of the bowel wall) (Fig. 14C), or as
increased color dots, more than the normal (Fig. 14D).7:15:24.26 The ensuing bowel ischemia
and necrosis result in decreased and then absent perfusion of the gut (Fig. 14E). The loss

of perfusion frequently indicates a need for surgery or a fatal outcome.2> Comparison of the
diseased segments of the intestine with the surrounding normal gut might provide important
insights into the extent of altered perfusion.

Utility of Point-of-care Abdominal Ultrasound in Necrotizing Enterocolitis

We know that AXR has limitations in the diagnosis of NEC.”-28 The diagnosis is frequently
feasible only when pneumatosis and/or portal venous gas are seen. The sensitivity of these
radiological markers can be even lower in mildly-afflicted cases.2® Bowel wall dilation is
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a sensitive finding but is not specific to NEC.” Other non-specific findings include ascites,
air-fluid levels, and bowel wall thickening. An important clinical difficulty arises in the low
specificity of the sensitive signs and low sensitivity for the specific signs.’+28:30.31

Many meta-analyses and narrative reviews have shown that abdominal US is useful in the
diagnosis of NEC.712:25.32.33 Compared to AXR, US seems to be more sensitive for early
detection of NEC; it can detect early markers such as altered bowel perfusion, decreased
peristalsis, and bowel wall thickening, and helps in the timely initiation of management
before the onset of advanced disease marked by ileus, loss of bowel perfusion, and bowel
wall thinning (Tables 1 and 2).10.11.25 Even though abdominal US may not detect NEC

in every single case, it can confirm the absence of findings of NEC where AXR is
equivocal.34:35 The detection of pneumatosis and/or portal venous gas can also help in
differentiating perforated NEC from other causes of intestinal perforation like spontaneous
intestinal perforation.38 Compared to abdominal radiography, US is more sensitive in
detecting pneumatosis and/or portal venous gas.3’

Unfortunately, both AXR and abdominal US seem to be inadequate as stand-alone
diagnostic tests for NEC. A non-diagnostic AXR cannot nullify a suspicious abdominal
US in a preterm infant with suspicion of NEC. Abdominal US is more informative than
AXR in the evaluation for NEC, but its sensitivity and negative predictive value are low.
A negative abdominal US scans should be interpreted with caution, particularly in at-risk
preterm infants. In a cohort of 100 infants with suspected NEC and a hypothetical overall
prevalence of about 50%, Cuna et al.23 showed that 25-40 infants with a negative US
evaluation could have had NEC (false negatives).

A meta-analysis?3 of studies of infants with probable NEC showed US as having high
specificity and positive predictive value for NEC diagnosis. Classic signs of NEC on
abdominal US (portal venous gas, pneumatosis, and free air) had pooled sensitivities ranging
from 0.27 to 0.48 and pooled specificities ranging from 0.91 to 0.99. Bowel wall thinning
and absent peristalsis had overall low sensitivity (0.22 and 0.30) but high specificity (0.96
and 0.96) for NEC. Detection of abdominal fluid, which included ascites and focal fluid
collection, also had overall low sensitivity and high specificity (simple ascites—0.45 and
0.92; focal fluid collection—0.19 and 0.98). Hence, sonographic evaluation may have low
sensitivity and high specificity for the diagnosis of NEC. The absence of the findings in a
single sonographic examination does not exclude NEC in a patient.

Abdominal US can help in prognostication in NEC. Focal fluid collections, complex ascites,
absent peristalsis, pneumoperitoneum, bowel wall echogenicity, bowel wall thinning, absent
perfusion, bowel wall thickening, and dilated bowel have been associated with the combined
outcome of the need for surgery or death.2> Therefore, when positive, US can help in
earlier, timely decision-making for surgical management in NEC, when AXRs might still be
equivocal.

Further work is needed for increasing the acceptance of abdominal US as a standard
modality for the diagnosis of NEC. There is limited experience in settings with low
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incidence of NEC. Also, the steep learning curve, the higher financial burden of the
machine, interobserver variability, the perception of neonatologists toward US, and the
common artifacts faced, hinder its widespread use. Clinical instability due to overzealous
use of abdominal US leading to desaturation, apnea, and bradycardia can be present. These
can be overcome by training and emphasis on the protocol-based approach of the POC
abdominal US examination with special emphasis on the most important diagnostic pointers
toward NEC. Using a large quantity of gel with minimum possible pressure on the abdomen
may prevent stress to the neonate.

Conclusion

Necrotizing enterocolitis, a nightmare for neonatologists, continues to have poor outcome.
Early diagnosis of NEC and timely surgical intervention can hugely improve the prognosis
of these neonates. POC abdominal US along with clinical evaluation and AXR has the
potential to become the gold standard for the evaluation of these neonates, which not only
can diagnose early signs of NEC but also may differentiate NEC from other causes of

feed intolerance. With the growing evidence about the benefits of abdominal US, and the
clinicians getting accustomed to sonography, it will go a long way in managing such babies.
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Highlights

Neonatal gut ultrasound (US) is an emerging tool for quick diagnosis and
prognosis in various abdominal pathologies such as necrotizing enterocolitis.

The abdomen is examined for fluid or free-air collection, portal venous
gas, intestinal echotexture, gut wall thickness, pneumatosis intestinalis, and
peristaltic movements.

The normal intestine shows a characteristic gut signature in abdominal US
with alternating hyperechoic and hypoechoic layers. Peristalsis can be seen as
a worm-like motion. In necrotizing enterocolitis (NEC), the inflamed intestine
shows increased wall thickness due to ischemia and necraosis.

Intestinal intramural gas escaping through the mesenteric vessels to the portal
veins can be detected as echogenic foci in the portal venous system or the
distal parenchymal liver tissue.

The term “pneumatosis intestinalis” refers to gas entrapped in the damaged
layers of the bowel wall in NEC. Most gas bubbles are seen as echogenic dots
in the intestinal wall.
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Fig. 1:

Four quadrants of the abdomen are to be studied in POC abdominal US

LLQ, Left lower quadrant; LUQ, Left upper quadrant; RLQ, Right lower quadrant; RUQ,
Right upper quadrant

Newborn (Clarksville). Author manuscript; available in PMC 2023 November 15.
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Fig. 2:
Gas reverberation artifacts commonly seen in POC abdominal US
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Serosa (hyperechoic)
Muscularis propria (hypoechoic)
Submucosa (hyperechoic)
Muscularis mucosae (hypoechoic)

Mucosa (hyperechoic)

Fig. 3:
Diagrammatic representation of alternating hypoechoic and hyperechoic layers of gut wall
seen on POC abdominal US (gut signature)
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Fig. 4:
Gut signature in POC abdominal US
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A 0.12cm

Fig. 5:
Calipers measuring gut wall thickness. Normal gut wall thickness in neonates is 1-2.6 mm
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Fig. 6:
Normal gut perfusion was assessed by putting a color Doppler and counting the signal dots
per sg. cm

Newborn (Clarksville). Author manuscript; available in PMC 2023 November 15.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Chetan et al.

Fig. 7:
Echogenic dots present in the lumen of the normal intestine
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Fig. 8:
Portal venous gas—echogenic foci in the portal vein system
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Figs 9A and B:
Free fluid collection. (A) Simple free fluid—anechoic area between the gut walls; (B)

Complex free fluid collection—echogenic material is seen in between the anechoic areas
suggestive of debris
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Fig. 10:
Pneumoperitoneum—hyperechoic line can be seen between the anterior surface of the liver

and the abdominal wall
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Fig. 11:
Loss of gut signature
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d2 0.40 cm
d10.29 cm

Figs 12A to C:
Gut wall thickness. (A) Normal gut wall thickness; (B) Increased gut wall thickness; (C)

Decreased gut wall thickness
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Fig. 13:
Pneumatosis intestinalis—echogenic dots in the wall of the gut
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Figs 14Ato E:
Pathological perfusion of gut wall. (A) Zebra pattern; (B) Y-shaped pattern; (C) Ring-shaped

pattern; (D) Increased color dots; (E) Decreased perfusion of gut wall in NEC
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Table 2:
Format for POC abdominal US

LLQ LUQ RUQ RLQ

Phase 1 (using lower frequency curvilinear probe — 4-8 Hz)

Portal venous gas
Tenderness
Fluid collection

Free air collection

Phase 11 (using high-frequency linear probe — 8-20 Hz)

Gut wall echotexture
Gut wall thickness
Peristalsis *
Pneumatosis intestinalis

Perfusion

*
For assessing peristalsis, the gut must be observed for at least 1 minute. For each quadrant, the examination should be done in two planes—

transverse and longitudinal. LLQ, left lower quadrant; LUQ, left upper quadrant; RLQ, right lower quadrant; RUQ, right upper quadrant
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