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Background: Necrotizing enterocolitis (NEC) is a severe inflammatory bowel

disease that may lead to perforation, causing high morbidity and mortality in

preterm infants. Abdominal ultrasound (AUS) has been shown to provide benefits

in diagnosing and managing NEC in recent years.

Objective: This study focused on the utility of AUS in the diagnosis and evaluation

of surgical NEC.

Patients and methods: In this retrospective study, available data of the patients

diagnosed from January 2019 to June 2022 were reviewed. The sensitivity and

specificity of AUS in diagnosing a perforation were analyzed. Typical cases for the

application of AUS in monitoring and evaluating the progression, complications,

and sequela of NEC were described.

Results: There were 69 neonates diagnosed with NEC and examined by AUS,

of whom eight patients developed a perforation. AUS was used for diagnosing

a perforation in eight patients with key features of pneumoperitoneum and/or

complex ascites, allowing us to find four locations of perforation, with a sensitivity

and specificity of 100%.

Conclusion: AUS plays an important role in diagnosing and evaluating surgical

NEC in newborn infants, with good sensitivity and specificity.

KEYWORDS

abdominal ultrasound, necrotizing enterocolitis, surgical, perforation, newborn infant

1. Introduction

Necrotizing enterocolitis (NEC) is a devastating intestinal disease of preterm infants

that can be difficult to diagnose and is characterized by overwhelming inflammation of

the bowel wall, causing intestinal injury and necrosis (Epelman et al., 2007; Neu and

Walker, 2011; Patel et al., 2015). Timely diagnosis and treatment are essential for better

outcomes because NEC can rapidly progress to intestinal perforation, peritonitis, widespread

inflammatory response syndrome, multiorgan dysfunction, and death (Cuna et al., 2022).
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Diagnosis of NEC is made based on clinical presentation,

laboratory tests, and imaging (Cuna et al., 2018). The modified

Bell’s classification remains the most important and widely

used staging tool for neonates with NEC. Although abdominal

radiographs (ARs) remain the imaging standard for evaluating

NEC, an AR may miss up to 50% of the early signs of NEC.

Pathognomonic findings, such as portal venous gas, pneumatosis,

and pneumoperitoneum, can be difficult to identify the AR, and

the absence of such findings cannot entirely exclude the diagnosis

(Tam et al., 2002; Chan et al., 2021). Abdominal ultrasound

(AUS) is a real-time feedback, non-invasive imaging modality.

Various studies have demonstrated that AUS outperformed AR

for diagnosis, management, and prediction of outcomes for NEC

(Faingold et al., 2005; Epelman et al., 2007; Silva et al., 2007;

Muchantef et al., 2013; Chen et al., 2018; van Druten et al., 2019;

Alexander et al., 2021). AUS can well display the signs of bowel wall

echo, peristalsis, blood perfusion of the bowel wall, pneumatosis

intestinalis, ascites, and free gas with sensitivity and specificity of

up to 70 and 80%, respectively. The sensitivity of AUS in intestinal

necrosis (76.9 vs. 38.5%) and intestinal perforation (61.5 vs. 15.4%)

is higher than that of X-ray (Tracy et al., 2020). In a recent

study of a pilot diagnostic randomized clinical trial, the rate of

disagreement between paired AR and AUS can be 25%, with all

cases of disagreement arising from pneumatosis intestinalis (Cuna

et al., 2022). When used in conjunction with color Doppler, bowel

wall perfusion can be evaluated (Faingold et al., 2005; Epelman

et al., 2007; Hwang et al., 2022). AUS may be a useful adjunct in

detecting changes consistent with NEC even when radiographs are

inconclusive. However, the adoption of robust AUS programs into

clinical practice has been slow (Ben Fadel et al., 2019; Miller et al.,

2020).

This article focuses on the emerging role of AUS in the

early diagnosis of surgical NEC, the benefits of AUS in daily

practice, and the evaluation of complications and sequela through

illustrative cases. We found that AUS had very good sensitivity and

specificity for the diagnosis of perforation based on factors such

as pneumoperitoneum, complex ascites, and intestinal wall blood

supply. Focal fluid collections or echogenic fluid were predictors of

the eventual need for surgery and served as evidence of perforation,

even if pneumoperitoneum is not seen. Therefore, the significance

of complex ascites in the diagnosis of NEC perforation should

be emphasized.

2. Patients and methods

2.1. Patients

This retrospective study was approved by the Research Ethics

Committee of Dongguan Children’s Hospital (no. LL2022112901).

Available data of patients with NEC admitted urgently to the

neonatal intensive care unit (NICU) and patients diagnosed with

NEC during hospital stay from January 2019 to June 2022 were

reviewed. The sensitivity and specificity of AUS in diagnosing a

perforation were analyzed. Typical cases for the application of AUS

Abbreviations: AR, abdominal radiograph; AUS, abdominal ultrasonography;

NEC, necrotizing enterocolitis.

in monitoring and evaluating the progression, complications, and

sequela of NEC were described. The inclusion criteria were as

follows: (1) meeting the criteria of Modified Bell’s NEC stage of III;

(2) gestational age at birth ≤44 weeks; (3) postnatal age ≤28 days

for term neonates and postmenstrual age ≤44 weeks for preterm

neonates at NEC onset; and (4) bedside AUS performed frequently

from the early onset of NEC or urgent admission for NEC

diagnosis and prognosis evaluation. The exclusion criteria were

as follows: (1) intestinal malformations and (2) severe persistent

pulmonary hypertension.

2.2. Abdominal ultrasonography

2.2.1. Equipment
A portable CXR (MUX-10J) was used in this study. Abdominal

computed tomography (CT) was acquired with a 16-slice spiral

CT scanning unit (Brilliance, Philips Co.). A portable ultrasound

machine (CX50, Philips Co.) was used regularly in our department,

and a linear array probe with a frequency of 9–13 MHz was used in

all AUS scans.

2.2.2. AUS and AR examination method
Every AUS examination was performed and read by a pediatric

ultrasound expert, while AR was performed and read by pediatric

radiologists. The AUS expert and AR radiologists were separate

physicians. Each baby was placed in the supine position, and

each quadrant of the abdomen was systematically assessed by

scanning in transverse and sagittal planes. CD AUS at a velocity

of 0.029–0.11 m/s evaluated intestinal mural blood flow (Faingold,

2018). The abdomen was imaged anteriorly and posteriorly by

AR, and abdominal upright and horizontal projection images

were documented.

2.2.3. Observation indexes
Key AUS features of NEC were observed carefully (Tam et al.,

2002; Faingold et al., 2005; Epelman et al., 2007; Silva et al.,

2007; Muchantef et al., 2013; Patel et al., 2015; Allin et al., 2017;

Erinumberger, 2017; Chen et al., 2018; Faingold, 2018; Markel

and Underwood, 2018; Ben Fadel et al., 2019; van Druten et al.,

2019; Miller et al., 2020; Tracy et al., 2020; Alexander et al., 2021;

Chan et al., 2021; Gao et al., 2021; Kotb et al., 2021; Cuna et al.,

2022; Hwang et al., 2022). These features included (1) bowel wall

thickness: normal between 1 and 2–2.7mm; (2) decreased intestinal

peristalsis: intestinal peristalsis <10 times/min. (3) Pneumatosis

intestinalis (PI): granular, stripe, ring-shaped hyperechoic foci in

the intestinal wall; (4) portal venous gas (PVG): movable granular

hyperechoic foci within the portal vein and its branches; (5)

pneumoperitoneum: free intraperitoneal air seen as echogenic foci

or stacked echogenic lines outside the bowel lumen; (6) ascites:

detectable free liquid dark areas in the abdominal cavity (simple

free fluid was seen as anechoic regions surrounding intraperitoneal

structures, while complex free fluid was seen as echogenic, with

possible loculations); and (7) bowel perfusion: increased perfusion

with >9 dots of color Doppler signal per square centimeter

(Alexander et al., 2021; Gao et al., 2021). The key AR features
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FIGURE 1

Patient disposition.

of NEC included PVG, pneumoperitoneum, bowel dilatation, and

reduced inflation (van Druten et al., 2019).

Diagnosis of NEC can be performed when pathognomonic

signs, such as PVG or PI, are present. The indication for a

surgical procedure in NEC is the presence of perforation,

which manifests as pneumoperitoneum and/or complex

ascites (van Druten et al., 2019; Alexander et al., 2021). The

correlation between the ASU feature and modified Bell’s

Stage Criteria referred to the study by van Druten et al.

(2019).

2.2.4. Statistical analysis
The statistical analysis was performed using SPSS

software (v. 19.0). Descriptive statistical methods were

used to describe the study population. Numerical

data were expressed as the mean ± standard

deviation (SD). Categorical variables were presented as

frequencies or rates. A two-sided p-value of <0.05 was

considered significant.

3. Results

3.1. Clinical manifestations of NEC

There were 81 neonates diagnosed with NEC (we excluded

six patients diagnosed with perforation secondary to intestinal

malformations, such as Meckel’s diverticulum, volvulus, congenital

atresia, and esophageal hiatal hernia, and six patients who were

not examined by AUS) in our NICU from January 2019 to June

2022, and 69 of them were examined by AUS (Figure 1). Among

these 69 patients, 11 met the criteria of Bell stage II, 10 met

the criteria of Bell stage III, and perforation occurred in eight

patients (Table 1) who underwent surgery and survived. AUS was

used for the diagnosis of perforation in eight patients (Table 2).

TABLE 1 General characteristics of patients with NEC.

Characteristic Data

Male [n (%)] 35 (50.7)

GA [(mean± SD), week] 33.6± 3.7

BW [(mean± SD), g] 1,961± 728

Cesarean delivery [n (%)] 38 (55.1)

Bell’s stage of NEC

IIIB [n (%)] 8 (12.9)

IIIA [n (%)] 2 (2.9)

IIB [n (%)] 2 (2.9)

IIA [n (%)] 9 (12.9)

I [n (%)] 48 (68.6)

Figures 2–4 showed key AUS features of NEC of stage level

I to IV.

3.2. Sensitivity and specificity of AUS in
diagnosing surgical NEC

Among the eight patients who underwent surgery, AUS was

used for the diagnosis of perforation. In these patients, both the

sensitivity and specificity of AUS in diagnosing a perforation due to

NEC were 100%. There were seven images of pneumoperitoneum

and seven images of complex ascites. Decreased bowel wall

perfusion was seen in two cases, and locations of perfusions

(two in the small intestine and two in the colon) were found in

four patients (Table 3). Figure 5 showed Pneumoperitoneum and

Figure 6 showed Complex ascites.

3.3. Typical cases for AUS in evaluating
complications and sequela of NEC

3.3.1. Identifying the location of a perforation
The universally accepted indication for a surgical procedure

in NEC is the presence of perforation (Cuna et al., 2018; van

Druten et al., 2019). The prognosis for patients with NEC worsens

after bowel perforation. Pneumoperitoneum, bowel necrosis,

complex abdominal fluid, and intestinal obstruction on imaging are

common indications for surgery in neonates with NEC. Perforation

also may lead to an accumulation of complex peritoneal fluid

alone without free air (Cuna et al., 2018; van Druten et al., 2019)

(Figure 7).

3.3.2. Monitoring the progression of patients with
deteriorating NEC

Rapid progression of NEC requires frequent monitoring

by AUS and reduced X-ray exposure. Portal venous gas,

pneumatosis intestinalis, bowel wall thickening, intestinal motility,

and peritoneal dropsy should be observed carefully at the bedside.

Evaluation of the bowel wall perfusion using the color Doppler

Frontiers inMicrobiology 03 frontiersin.org

https://doi.org/10.3389/fmicb.2023.1211846
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org


Chen et al. 10.3389/fmicb.2023.1211846

TABLE 2 Clinical manifestations of patients with surgical NEC.

Case 1 2 3 4 5 6 7 8

Sex Female Male Male Female Female Male Male Female

GA (weeks) 34+2 29+6 39 31+2 33 39+1 32+2 32+1

Mode of delivery Vaginal Cesarean section Vaginal Cesarean section Cesarean section Vaginal Cesarean section Cesarean section

BW (g) 2,220 1,460 3,350 1,215 1,500 2,690 2,145 1,215

Age of onset of

perforation diagnosed

(days)

6 2 2 6 14 5 12 12

Abd. distension Yes Yes Yes Yes Yes No Yes Yes

Gastric residue No No No No Yes Yes No No

Bloody stools Yes No No No No No No No

Abd. mass No No No No Yes No No No

WBC (×109/L) 8 15.3 2.98 18.4 20.96 0.99 2.03 8.9

NEU (%) 78.6 62.3 23.9 72.6 61.2 55.6 65.5 74.5

PLT (×109/L) 156 203 107 208 146 130 527 196

CRP (mg/L) 8.1 5 11.7 24.87 3.44 159.99 20.4 191.96

PCT (ng/ml) 36.1 3.46 68.29 20.05 0.17 5.52 <0.25 46.51

Outcomes Survived Survived Survived Survived Survived Survived Survived Survived

GA, gestational age; BW, body weight; WBC, white blood cell; NEU, neutrophil; PLT, platelet; CRP, C-reactive protein; PCT, procalcitonin.

FIGURE 2

(A) Bowel wall thickening (arrows) on abdominal ultrasound. (B) Colored ultrasound revealed increased bowel wall perfusion.

helps assess bowel viability and temporal evolution of NEC when

compared to other structures (Alexander et al., 2021).

Case A. A girl patient aged 26 + 3 weeks (gestational age),

the eldest of twins, was born vaginally. She received donated

breastfeeding. On the 43rd day, she and her twin brother developed

abdominal distension, blood stools, and then septic shock. White

blood cell (WBC) count from the peripheral blood decreased,

while C-reactive protein (CRP) and procalcitonin (PCT) increased

significantly. AUS showed intestinal wall thickening, decreased

peristalsis, and massive simple ascites, indicating stage NEC IIIA.

As the baby’s condition rapidly deteriorated, AUS was used to assess

the development of NEC in the acute stage twice a day. On the 1st

day of the onset of NEC, AUS showed thickened intestinal wall,

pneumatosis, and decreased peristalsis, while bowel wall perfusion

and simple ascites, the deepest of which was ∼10mm, increased.

On the 2nd day, AUS showed diffuse bowel wall edema, more

pneumatosis, and decreased intestinal peristalsis. However, rich

blood flow signals still could be detected in the bowel wall, and

the deepest free fluid decreased to 8mm. Medical treatment was

continued because AUS did not show signs of worsening NEC,

such as intestinal wall thinning, the disappearance of intestinal

peristalsis, and decrease in intestinal wall blood supply, as well
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as surgical indicators, such as complex ascites, perforation, and

pneumoperitoneum. On the 3rd day, AUS showed a reduction

in bowel edema and pneumatosis, indicating improvement in the

condition. On the 10th day, AUS showed that intestinal edema

significantly subsided and intestinal motility returned to normal.

Thus, gastrointestinal feeding was started. On the 14th day, AUS

showed that intestinal lesions disappeared.

3.3.3. NEC complicated with intussusception
Case B. The younger brother of the above-described twins,

sharing the same donated breastfeeding with his older sister,

developed abdominal distension, bloody stools, and septic shock

at the age of 43 days and was diagnosed with NEC on the same

day. On the 1st day of the NEC onset, a mass echo with a

concentric circle sign and false kidney sign in the rectum was

detected by AUS, indicating sigmoid-rectal intussusception. AR

image performed 30min before showed the signs of NEC and no

bowel obstruction or intussusceptions. Approximately 3 h later,

AUS showed that the mass disappeared, the sigmoid tube wall

was thickened, the echo was reduced, and several indentation

FIGURE 3

Pneumatosis intestinalis. Grayscale ultrasound shows echogenic

foci (arrow) within the bowel wall indicative of gas bubbles within

the bowel wall.

echoes appeared, indicating sigmoid colitis and a small ulcer.

During the whole observation, abundant blood perfusion was

visible in the intestinal wall. On the 3rd day, the gas in the portal

vein disappeared, the intestinal tube inflated, and the peristalsis

improved. No intussusception or intestinal obstruction was found

on the following AUS examinations. The boy recovered after a

2-week treatment (Figure 8).

3.3.4. Sequential evaluation of a post-NEC
intestinal stricture

Case C. A 32-week-old premature infant presented with bloody

stool and abdominal distension on the 7th day of life and was

diagnosed with NEC stage IIB, followed by discharge after medical

treatment. The patient was followed upwith AUS for NEC sequelae.

Intestinal wall stiffness appeared on the 30th day of NEC onset and

worsened gradually on ASU every 2 weeks. In the 3rd month after

the NEC onset, the baby developed obvious abdominal distension

and difficult defecation. AUS showed severe intestinal stenosis, and

FIGURE 4

Portal venous gas. Grayscale ultrasound shows portal venous gas

from the small intestine (arrow).

TABLE 3 Clinical manifestations of patients with surgical NEC.

Case 1 2 3 4 5 6 7 8

Pneumoperitoneum Yes Yes Yes Yes Yes No Yes Yes

Location of perforation Yes, on intestinal Yes, on the colon No Yes, on intestinal No No No Yes, on the colon

Complex ascites Yes Yes Yes Yes No Yes Yes Yes

Decreased bowel perfusion No No No No Yes Yes No No
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FIGURE 5

Pneumoperitoneum. A boy (gestational age of 32 weeks) developed abdominal distension and bloody stool on his 14th day. (A) Grayscale ultrasound

shows an echogenic interface just below the abdominal wall (arrow) with dirty posterior acoustic shadowing that is from free air in the abdomen. (B)

This air was not visible on the corresponding supine abdominal radiograph. (C) The following CT examination supported the result of AUS. This case

demonstrates that ultrasound is more sensitive to pneumoperitoneum.

FIGURE 6

Complex ascites. A 10-day-old girl (gestational age of 32 weeks), born by cesarean section due to the mother’s placental abruption, developed

abdominal distension and bloody stools and rapidly progressed to peritonitis and septic shock. A mass could be felt in the right lower abdomen. AR

showed a lot of free fluid. AUS showed complex ascites, bowel wall thinning, decreased intestinal peristalsis, and decreased blood perfusion in the

bowel wall. Neither perforation nor pneumoperitoneum was found by AUS. The diagnostic ascites puncture showed thick bloody ascites. Bowel wall

perforation was considered and proven during the surgery. (A) Layering debris within the collection of free fluid (long arrow) and adjacent loop of the

thickened bowel wall (short arrow). (B) Ascites aspiration.

FIGURE 7

Location of perforation. An extra low birth weight boy (28 weeks of gestation) presented with abdominal distension on the 2nd day of life. Although

medical therapy including fasting, antibiotics, and mechanical ventilation was given, the baby’s condition kept worsening, and pneumoperitoneum

was proven by an abdominal CT scan. He was transferred to our NICU for surgery. (A) Ultrasound showed that the continuity of the mid-abdominal

small bowel wall was interrupted, and a hyperechoic mass (a fecal stone) was found at the perforation (arrow). (B) This image showed that the

contents were flowing from the perforation in the bowel wall (arrow) ∼10min later.
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FIGURE 8

Images show NEC complicated by intussusception as monitored by AUS. (A) A mass with a “concentric circle sign” and “sleeve sign” was seen in the

rectum, and the sigmoid colon was considered to be inserted into the rectum (arrow). (B) Gas was seen flowing directly into the mesenteric vein

from the location of intussusceptions (arrow). (C) The intussusception mass in the rectum gradually retreated into the sigmoid colon within minutes

(arrow). (D) The sigmoid colon exited from the rectum after ∼3h, and stool was well filled in the sigmoid colon.

FIGURE 9

Images show a post-NEC intestinal stricture evaluated by AUS. (A) Multiple mural gases were seen in the transverse colon on the 1st day of NEC

(arrow). (B) After 11 days, the wall of the transverse colon was irregularly thickened (arrow). (C) On the 24th day, the wall of the transverse colon was

irregularly thickened, and the intestinal lumen was sti� and irregular (arrow). (D) On the 38th day, the wall of the transverse colon was irregularly

thickened, the shape of the intestinal lumen was rigid, and the intestinal lumen was narrow (arrow). (E) On the 61st day, the wall of the transverse

colon was irregularly thickened, the shape of the intestinal lumen was rigid, and significant stenosis of the intestinal lumen was seen (arrow). (F) On

the 61st day, total gastrointestinal radiography with Iohexol showed severe stenosis in the colon, proving the result by AUS (arrow).

the subsequent AR angiography results were consistent. Therefore,

the patient underwent surgical treatment (Figure 9).

4. Discussion

Necrotizing enterocolitis is one of the leading causes of

morbidity and mortality in preterm neonates and particularly

affects low birth weight (LBW) infants in NICUs. While NEC

may progress rapidly and the mortality rate is higher after

perforation, the transition from medical to surgical care represents

a critical decision-making point in NEC management that can

have important implications for clinical outcomes (Cuna et al.,

2018). The International Neonatal Consortium’s NEC subgroup

was convened in 2017 to revisit the diagnostic and classification

criteria for NEC (Erinumberger, 2017; Markel and Underwood,

2018). In 2020, the Point-of-Care Ultrasound (POCUS) Working

Group of the European Society of Pediatric and Neonatal Intensive

Care (ESPNIC) recommended appropriate indications for AUS for

NEC: (1) establishing an early diagnosis of NEC; (2) establishing
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the diagnosis of NEC when AR is equivocal; (3) AR demonstrating

a gasless abdomen; (4) evaluating for complications in knownNEC;

and (5) evaluation of features suggestive of the need for surgical

intervention in the setting of clinical deterioration (Singh et al.,

2020).

The mortality rate is higher after perforation; thus, earlier

detection of severely ischemic or necrotic bowel loops, before

perforation occurs, could improve the morbidity and mortality

in NEC (Allin et al., 2017). A meta-analysis revealed that bowel

wall thickening [odds ratio (OR) 8.58, 95% confidence interval

(CI) 3.42–21.53], absent peristalsis (OR: 10.68, 95% CI 1.65–69.02),

absent perfusion (OR: 6.99, 95% CI 2.06–23.76), and complex

ascites (OR: 11.28, 95% CI 4.23–30.04) were associated with an

increased risk of surgery or death, while an increase in bowel

perfusion was not associated with surgery or death in NEC

(OR: 2.60, 95% CI 0.61–11.13) (Cuna et al., 2018). Lazow et al.

(2021) suggested four predictors of surgical NEC: abdominal wall

erythema (OR: 8.2, p = 0.048), portal venous gas on AXR (OR:

29.8, p = 0.014), echogenic free fluid (OR: 17.2, p = 0.027), and

bowel wall thickening (OR: 12.5, p = 0.030) on AUS. Another

study has shown that in stage IIIa, 71% of cases had the absence of

bowel peristalsis and intramural gas, and the absence of perfusion

and bowel wall thinning of <1mm was found in 86% of neonates

(Aliev et al., 2017). Bowel wall thickness, bowel wall texture,

bowel perfusion, and bowel peristalsis are all much more difficult

to evaluate by AR compared with AUS. Changes in these AUS

variables can provide earlier evidence of disease progression before

bowel perforation. Additionally, every 6 h, AR monitoring for

NEC exposes vulnerable neonates to ionizing radiation, which

might increase lifetime cancer mortality risk up to 4.3- to 20-

fold (Baird et al., 2013). Therefore, AUS is more advantageous in

monitoring the progression of NEC compared with AR. AUS was

used to partially replace AR as a routine assessment method for

diagnosed NEC (Bell’s stages II and III) in our department. As a

result, the AR exposure was significantly reduced. As mentioned

above, although the baby’s condition (Case 1) was severe, there

were no signs of NEC deterioration, such as the absence of

bowel perfusion, peristalsis, and perforation indicators including

pneumoperitoneum and complex ascites, suggesting that surgical

intervention was not needed at that time.

Once perforation occurs, the earlier the diagnosis, the higher

the survival rate. AUS has unique advantages in the detection of

perforation compared with AR. First, sensitivity and specificity

for pneumoperitoneum are higher. Second, AUS directly displays

the location of the perforation. Third, AUS reveals complex

ascites, indicating perforation. In eight NEC patients with bowel

perforation detected by ultrasound in our NICU, AUS had a

sensitivity of 100% and a specificity of 100% for the diagnosis of

perforation based on factors such as pneumoperitoneum, complex

ascites, and intestinal wall blood supply. In four patients, AUS also

directly identified the perforation and its location. All the above

results were confirmed by surgery. In eight cases, seven patients

showed pneumoperitoneum with complicated ascites, and in the

other case, only complicated ascites without pneumoperitoneum

(neither pneumoperitoneum nor perforation was found on AR

and abdominal CT) was detected. Perforation can also lead to an

accumulation of complex peritoneal fluid alone without free air

(Palleri et al., 2017; Cuna et al., 2018). Focal fluid collections or

echogenic fluid are predictors of the eventual need for surgery

and are evidence of perforation, even if pneumoperitoneum is not

seen. In these cases, surgical consultation is warranted (van Druten

et al., 2019). Therefore, the significance of complex ascites in the

diagnosis of NEC perforation should be emphasized.

Although intussusception can rarely be detected in the neonatal

period, triggers of NEC, such as prematurity, hypoxia, and low

intestinal perfusion, may be a risk factor for intussusception

due to stricture formation and intestinal dysmotility (Taskinlar

et al., 2014). Due to the similar symptomatology of NEC and

intussusception and the high prevalence of NEC in this age

group, AUS is recommended for differential diagnosis to avoid

the delayed treatment of intussusception in premature infants. A

systematic review including 43 studies with a total of 52 cases

of intussusception reported between 1963 and 2020 has revealed

that the most common location was the small bowel, detecting

colo-colic intussusception in two cases only (Kotb et al., 2021).

A sigmoid-rectal intussusception (without perforation) was found

in a preterm during monitoring the progression of stage IIIA

NEC, which disappeared after a few hours. Intussusception was

considered to be secondary toNEC based on the similar sepsis onset

at the same time compared with his twin sister.

Post-NEC intestinal stricture is estimated to affect 15%−40%

of NEC survivors and is associated with severe and prolonged

morbidity, with 15%−30% of patients being treated medically

and 20%−43% of patients being treated surgically (Phad et al.,

2014; Burnand et al., 2016). The treatment of post-NEC strictures,

particularly asymptomatic strictures, is controversial regarding the

modalities of screening, indications for surgery, and optimal time.

Sequential evaluation by AUS might help choose the therapeutic

schedule and find indications for surgery and optimal time. We

traced patients with NEC of stage level IIB (two cases) and level

III (11 cases including nine patients who underwent surgery)

by AUS, and only one post-NEC intestinal stricture was found.

The development of intestinal strictures was documented and

evaluated, helping to make a decision for surgeons.

5. Conclusion

Abdominal ultrasound is a real-time feedback, non-invasive,

radiation-free option ensuring a high degree of safety, portability,

and accessibility. AUS has great advantages in enhancing the

detection of NEC, determining management, and predicting

outcomes. Furthermore, AUS had very good sensitivity and

specificity for the diagnosis of perforation based on factors such

as pneumoperitoneum, complex ascites, and intestinal wall blood

supply. Focal fluid collections or echogenic fluid are predictors

of the eventual need for surgery and serve as evidence of

perforation, even if pneumoperitoneum is not seen. Therefore,

the significance of complex ascites in the diagnosis of NEC

perforation should be emphasized. It is thus recommended for

medical staff in NICUs to promote AUS and become proficient in

performing AUS.
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