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 Summary
 Background: Necrotizing enterocolitis (NEC) is one of the most serious disorders of gastrointestinal tract 

during neonatal period. Early diagnosis and adequate treatment are essential in the presence of 
clinical suspicion of NEC. Plain abdominal radiography is currently the modality of choice for 
initial evaluation of gastrointestinal tract in neonates. However, when the diagnosis is uncertain, 
abdominal ultrasound with bowel assessment might be an important complementary examination. 
The aim of the study was to evaluate usefulness of ultrasound in the diagnosis of NEC and its value 
for implementation of proper treatment.

 Material/Methods: The data of nine neonates diagnosed with NEC, hospitalized at the Provincial Hospital No. 2 in 
Rzeszow in the period from September 2009 to April 2013 was retrospectively analyzed. Apart 
from abdominal radiography, abdominal ultrasound with bowel assessment was performed in all 
nine cases. Imaging findings, epidemiological data, coexisting risk factors and disease course were 
assessed.

 Results: Most children in the group were preterm neonates. Findings in plain abdominal radiography 
were normal or nonspecific. A wider spectrum of findings was demonstrated in all ultrasound 
examinations and intestinal pneumatosis, a pathognomonic sign for NEC, was more frequently 
noted than in plain abdominal x-ray. Most children were treated by surgical intervention with 
resection of necrotic bowel loops and in more than half of the cases location of changes identified 
during surgery was concordant with ultrasonographic findings.

 Conclusions: Abdominal ultrasound examination might be helpful in the diagnosis of NEC, especially when 
plain abdominal radiography findings do not correlate with clinical symptoms. However, 
abdominal radiography is still considered the modality of choice. The range of morphological 
changes detectable on ultrasound examination is much wider than in plain abdominal radiography. 
Ultrasound examination allows for more accurate assessment of changes within intestines and 
adjacent tissues, which aids clinicians in making more accurate therapeutic decisions and 
implementing proper treatment.
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Background

Intestinal disorders constitute an important clinical and 
diagnostic problem in neonatology. Necrotizing entero-
colitis (NEC) is one of the most severe gastrointestinal 

conditions occurring during this developmental period. 
NEC is an inflammatory condition from a group of the most 
common gastrointestinal urgencies in neonates, most often 
affecting those with low birth weight and born premature-
ly [1–5].
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Etiology of NEC is not well recognized. It is related to 
decreased perfusion and ischemia of intestinal wall (par-
ticularly in immature intestines), leading to disruption 
of intestinal barrier, enabling bacterial passage and acti-
vation of inflammatory mediators. Finally, it results in 
structural and functional changes, including formation of 
pneumointestine [6–8]. This process begins in mucosa and 
submucosa. Necrosis encompassing entire thickness of the 
intestine develops in most severe cases and may lead to 
perforation [9].

The main factors increasing the risk of this condition 
include the following: prematurity, perinatal asphyxia, 
chronic intrauterine hypoxia, early implementation of 
enteral nutrition in preterm neonates, disorders and con-
genital diseases of cardiovascular system, umbilical artery 
catheterization, meconium aspiration syndrome, respira-
tory distress syndrome or exchange transfusion [6,7,9,10].

Despite significant advances in neonatal care, mortality 
in NEC remains high (between 20 and 60% in a group of 
most immature neonates) and is maintained at the same 
level. Therefore, in cases of clinically suspected NEC quick 
diagnostics and implementation of appropriate treatment 
are crucial [4,5,10]. Clinical symptoms suggestive of NEC 
include abdominal bloating, growing anxiety, retention of 
intestinal contents, vomiting, ileus, gastrointestinal bleed-
ing [9,11–14]. Abdominal x-ray or, less often contrast radi-
ograms, are diagnostic modalities fundamental for initial 
assessment of gastrointestinal tract in case of clinically 
suspected NEC [9]. Due to its ability to visua lize intestinal 
walls, gastrointestinal lumen and neighbo ring structures 
ultrasound (US) of gastrointestinal tract and intestines is an 
accessory method, especially when the x-ray findings are 
equivocal [9,15–17]. According to a three-stage Bell’s classi-
fication and its modifications, symptoms suggestive of NEC 
in radiograms include: distended intestinal loops, features 
of intestinal obstruction of various degrees, presence of 
air bubbles within intestinal wall (intestinal pneumatosis), 
presence of air bubbles within portal vein, ascites, pres-
ence of intraperitoneal free air [16] (Table 1). Changes noted 
in US include: augmented echogenicity of intestinal wall, 
changes in intestinal wall thickness (thickening over 2 mm 
or thinning below 1 mm), intestinal pneumatosis (“circle” 
or “aurora sign”), air bubbles within portal vein, free air 
in peritoneal cavity, peritoneal fluid (anechogenic or echo-
genic), reduced peristalsis. Moreover, Doppler ultrasound 
examination may reveal disrupted intestinal wall perfusion 
[15,17]. Among all mentioned diagnostic signs, intestinal 
pneumatosis is consi dered pathognomonic for NEC.

Based on the results of clinical and diagnostic studies 
suggestive of NEC, conservative treatment consisting of 
ga strointestinal decompression and administration of anti-
biotics is implemented in less severe cases, while surgical 
intervention may be necessary in more severe cases, par-
ticularly when signs of peritonitis or perforation are pre-
sent [4,16,18].

The goal of this work was to evaluate the role of gastro-
intestinal ultrasound in the diagnostics of NEC, to ana-
lyze morphological changes seen in ultrasound examina-
tion in the course of the disease and their correlation with 

radiological findings, as well as to evaluate usefulness of 
US for planning of further therapeutic management.

Material and Methods

The study included nine children (five girls and four boys) 
hospitalized at the Clinical Department of Neonatology 
with Intensive Care Unit, Clinical Department of 
Intensive Care and Anesthesiology with Toxicology Unit 
and Department of Pediatric Surgery at the St. Jadwiga 
the Queen Provincial Hospital No. 2 in Rzeszow between 
September 2009 and April 2013 with a diagnosis of 
necrotizing enterocolitis who underwent abdominal US 
with assessment of gastrointestinal tract and abdominal 
x-ray examination before implementation of treatment. US 
examinations were ordered when clinical status and results 
of additional examinations, including x-ray  findings, were 
equivocal and did not allow for establishing final diagnosis 
and implementing proper treatment.

We analyzed retrospectively the results of x-rays and sub-
sequent US performed no more than 24 hours later (beside 
one case where US was the first examination). Radiological 
signs suggestive of NEC according to Bell’s classifica-
tion (Table 1) and US features according to classifications 
available in the literature were taken into consideration 
[9,15–17] – data acquired from Doppler examination were 
not subject to analysis, as intramural blood flow analysis 
is not always possible (most examinations were performed 
urgently at patient’s bedside). We also evaluated children’s 
epidemiological data, risk factors for development of NEC 
and course of treatment.

Ultrasound examinations were performed by a radiol-
ogy specialist with experience in ultrasound diagnostics of 
children and gastrointestinal tract, including assessment of 
the intestines, from the Clinical Department of Radiology 
and Diagnostic Imaging. If child’s clinical state allowed, 
US was performed at the Ultrasound Laboratory of the 
Clinical Department of Radiology and Diagnostic Imaging, 
while children in severe clinical state had the examina-
tions performed at their bedside. Standard assessment of 
abdominal organs with a convex probe was supplemen-
ted by examination with a linear probe and broadened to 
include assessment of intestinal structures. Examinations 
at the Clinical Department of Radiology and Diagnostic 
Imaging were performed using GE Logiq 7 apparatus with 
a 2–2.5 MHz convex probe and 7–14 MHz linear probe 

Stage Radiologic signs

I • Normal
• Mild distension of intestinal loops

II • Distension of intestinal loops
• Intestinal pneumatosis/portal venous gas
• Obstruction

III • Pneumoperitoneum
• Ascites

Table 1.  Bell’s classification of necrotizing enterocolitis according to 
radiographic findings.
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or GE Logiq E9 apparatus with 2.8–5 MHz convex probe 
and 7–11 MHz linear probe. Bedside examinations were 
performed with Esaote MyLab25Gold apparatus with 
2.5–6.6 MHz convex probe and 3.5–10 MHz linear probe, 
Aloka ProSound a7 by Hitachi with 4–10 MHz convex 
probe and 4–11 MHz linear probe, as well as ATL HDI 3500 
apparatus by Philips with a 5–8 MHz Micro-Convex probe 
and 5–12 MHz linear probe.

Results

Premature children born between 24th and 32nd week of 
gestation, with birth weight of 540–1960 g, constituted 
a majority (67%) of neonates included in the study, while 
the remaining children were born between 38th and 40th 
week of pregnancy, with birth weight of 2160–2600 g. In 
the preterm group symptoms of NEC appeared between 1st 
and 4th week of life, while all term neonates presented with 
symptoms in the first week of life. Among risk factors for 
NEC, coexisting respiratory disorders (respiratory distress 
syndrome or pneumonia) were diagnosed in all premature 
children, while patent ductus arteriosus (PDA) was found 
in four (67%) and aortic coarctation was diagnosed in one 
(16%) neonate.

In a group of term neonates the only identifiable risk factor 
was low birth weight, which was noted in two children.

Abnormalities were identified in five x-ray studies (56%), 
while in four children (44%) radiograms showed no chan-
ges. In all cases US revealed intestinal changes.

Abnormalities found in x-ray examinations included: signs 
of obstruction, presence of intramural air bubbles, and 
paucity of bowel gas. No other signs typical for NEC were 
noted (Table 2).

Abnormalities identified in US are presented in Table 2, 
including: enhanced echogenicity and increased intestinal 
wall thickness (2 to 3 mm), intramural air bubbles (hyper-
echogenic foci within intestinal wall with or without echo 
enhancement), air bubbles within portal vein (mo ving 
echogenic foci identified within portal vein), distended 
intestinal loops filled with fluid content and reduced or 
completely absence of peristalsis (signs of obstruction), 

intestinal wall edema, hyperechogenic, collapsed intestinal 
wall with reduced or absence of peristalsis suggestive of 
intestinal immaturity, anechogenic free fluid in peritoneal 
cavity, echogenic fluid in peritoneal cavity and/or air bub-
bles within the abdominal cavity (linear or punctate hyper-
echogenic foci outside the intestine) suggestive of intestinal 
perforation, or peritoneal calcifications indicating history 
of peritonitis.

Among signs identifiable in both US and x-ray (Tables 2–4) 
intestinal pneumatosis typical for NEC was found on ultra-
sound examination in four patients (44%) and on x-ray in 
one of those patients (11%) (Figures 1 and 2). Distended 
intestinal loops were noted in five patients (56%) on US and 
in three of those patients (33%) on abdominal radiogram 
(including coexisting obstruction, which was diagnosed 
in all of those US and two x-ray examinations). Features 
of intestinal immaturity were noted in four patients (44%) 
on US, while paucity of bowel gas suggestive of immatu-
rity on x-ray was noted in two patients (22%) only. Other 
signs identifiable by both modalities were noted on ultra-
sound only, including portal venous gas in one patient (11%) 
(Figure 3), intraperitoneal air (Figure 4) in one patient as 
well (11%), and ascites in six subjects (67%).

Among other abnormalities assessable in US (Tables 2–4) 
thickening/edema of intestinal wall found in 8 patients 
(89%) was the most common sign (Figure 5). Less common 
signs included: reduced or absence of peristalsis noted in 
2 patients (22%) with obstruction, in 1 patient (11%) with 
features of intestinal immaturity and in 3 patients (33%) 
with both of those signs, echogenic fluid (Figure 6) found 
in 3 patients (33%), increased echogenicity of enteric walls 
found in 3 patients (33%) and tiny peritoneal calcifications 
secondary to previous inflammatory process, which were 
identified in one patient (11%) (Figure 7).

In the group of preterm children implemented manage-
ment was more often surgical, involving resection of 
necrotic intestine and stoma formation – surgery was not 
performed in only one patient due to severe clinical state 
and death (Table 5). Mortality was high in this group and 
five children died (83%). In a group of term neonates in 
one patient (33%) surgical treatment was not implement-
ed despite radiological and ultrasound features of NEC 

Radiographic findings Ultrasonographic findings

• Intramural air bubbles
• Features of intestinal obstruction
• Paucity of bowel gas

• Increased intestinal wall echogenicity
• Thickening of intestinal wall
• Intramural air bubbles
• Portal venous gas
•  Distended intestinal loops filled with fluid, with reduced/absence of peristalsis 

– sign of obstruction
•  Hyperechogenic, collapsed intestinal wall with reduced or absence of peristalsis 

– sign of intestinal immaturity
• Anechogenic free peritoneal fluid
• Echogenic peritoneal fluid – sign of perforation
• Free air in abdominal cavity – sign of perforation
• Peritoneal calcifications – sign of previous peritonitis

Table 2.  Radiographic and ultrasonographic findings identified in the course of NEC in the analyzed group of neonates.
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due to clinical stabilization, resulting in complete recov-
ery (intestinal US performed one month later did not reveal 
any abnormalities). In another case only exploratory lap-
arotomy was performed, followed by conservative treat-
ment. The third child was treated surgically with resection 
of necrotic intestine and stoma formation. There were no 
deaths in the group of term neonates.

Comparison of US with intraoperative macroscopic assess-
ment revealed concordance between location of lesions with 
results of four the US studies (57% of operated cases), in two 
cases (28%) location of lesions identified during surgery was 

different than that in US, while in one case documentation of 
intraoperative localization was imprecise, which made data 
comparison impossible. Suspected intestinal perforation diag-
nosed in US was confirmed intraoperatively for 66% of ultra-
sound examinations where intraperitoneal echogenic fluid 
suggestive of perforation was found (analysis did not include 
patient with intraperitoneal air bubbles identified in US only 
– no surgical procedure was performed and intraoperative 
validation of suspected lesions was not possible). NEC was 
confirmed macroscopically in all operated cases. Presence of 
intestinal pneumatosis, pathognomonic for NEC, among oper-
ated children was found in 44% of US. Moreover, in one child 

Patient data
Preterm neonates

(<37 week of gestation)
Term neonates

(>37 week of gestation) No. 
(%) 

B.c.M. B.s.M. B.s.I D.s.A. D.c.B. K.c.K. P.P. R.W S.L.

Radiographic findings +/–

Distended intestinal loops – – – – + – – – – 1 (11%)

Signs of obstruction of various degrees 
(fluid levels) – – – + – – + – – 2 (22%)

Presence of air bubbles within intestinal 
walls – – – – – – + – – 1 (11%)

Presence of air bubbles in portal vein – – – – – – – – – 0

Ascites – – – – – – – – – 0

Intraperitoneal free air – – – – – – – – – 0

Other: paucity of bowel gas + + – – – – – – – 2 (22%)

Grade of disease progression acc. to Bell’s 
radiological criteria 0 0 0 II I 0 II 0 0

Ultrasonographic findings +/–

Increased intestinal wall echogenicity + – – + + – – – – 3 (33%)

Thickening/edema of intestinal wall + + + + + + – + + 8 (89%)

Thinning of intestinal wall – – – – – – – – – 0

Presence of air bubbles within intestinal 
walls + – – – + – + – + 4 (44%)

Presence of air bubbles in portal vein – – – – – – + – – 1 (11%)

Distended intestinal loops filled with fluid, 
with reduced/absence of peristalsis – sign 
of obstruction

– + + + + – + – – 5 (56%)

Hyperechogenic, collapsed intestinal wall 
with reduced/absence of peristalsis – sign 
of intestinal immaturity

+ + – + + – – – – 4 (44%)

Anechogenic intraperitoneal fluid – – + + + – – + – 4 (44%)

Echogenic intraperitoneal fluid – – – – – + – + + 3 (33%)

Intraperitoneal free air – – – – – – + – – 1 (11%)

Peritoneal calcifications – sign of previous 
peritonitis – – – – – + – – – 1 (11%)

Table 3.  Comparison of findings typical of NEC in ultrasound examinations and plain abdominal radiography in a group of preterm and full term 
infants.
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(11%) treated conservatively, suspicion of NEC was put for-
ward based on ultrasound examination.

Discussion

NEC is one of the most serious pathologies diagnosed in 
neonates, occurring most often in preterm children [1–4], 

which was confirmed in the studied group of children with 
NEC diagnosed intraoperatively (78% of children) or clini-
cally (22% of children).

The most often encountered risk factors for NEC include 
prematurity and low birth weight, while the others are less 
common [4,19,20]. Symptoms occur most often between 2nd 

Signs Number (%) of children, who presented 
with certain features in US

Number (%) of children, who presented 
with certain features in x-ray examination

Intestinal pneumatosis 4 (44%) 1 (11%)

Portal venous gas 1 (11%) 0

Distended intestinal loops/signs of obstruction 5/5 (56%) 3 (33%)/2 (22%)

Signs of perforation 1 (11%) 0

Features of intestinal immaturity in US 
(absence/reduced peristalsis)/paucity of 
bowel gas in x-ray examination

4 (44%) 2 (22%)

Ascites 6 (67%) 0

Table 4. Comparison of  findings in ultrasound and plain abdominal radiography examinations.

Figure 1.  Ultrasound image of intestinal pneumatosis of large 
intestine (arrows).

Figure 3. Ultrasound image of portal venous gas (arrows).

Figure 4.  Ultrasound image of subsplenic intraperitoneal free air 
(arrows).

Figure 2.  Plain x-ray performed in left lateral decubitus position: tiny 
air bubbles within intestinal wall (arrow).
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and 3rd week of life [21]. In our study group NEC was more 
common in the preterm group, their birth weight was most 
often below 1000 g (67%), all of them had risk factors for 
NEC (most commonly respiratory disorders and cardiovas-
cular diseases) with clinical symptoms occurring between 

1st and 2nd week of life. In two neonates born full term, 
of all risk factors, we found low birth weight; one had no 
risk factors for NEC and all of them presented with clinical 
symptoms in the first week of life (between 2nd and 6th day).

NEC is associated with high mortality – 20–60% according 
to various sources, thus early diagnosis is crucial [4,5,9]. 
According to available NEC diagnostic algorithms x-ray is 
the examination of choice, while US is considered mostly 
an accessory modality [9,15–17].

Based on x-ray findings, taking into consideration clini-
cal and laboratory studies, one may establish the degree 
of disease progression on a scale I–III according to Bell’s 
classification and its modification proposed by Walsh and 
Kliegman and subsequently implement appropriate con-
servative (stages I–II) or surgical (stage III) management 
[16]. Radiologic signs included in Bell's criteria may also 
be identified in US. Moreover, compared to x-ray ultra-
sound examination enables more precise morphological 
assessment of intestines and neighboring structures, dif-
ferentiation between anechogenic and echogenic fluid 
as well as evaluation of intestinal function (peristalsis, 
intestinal perfusion) [9,15–17]. In our study group abnor-
mal radiological findings were present in 56% of patients, 
including signs characteristic for NEC apparent in 33% of 
x-ray examinations, while intestinal pneumatosis, which 

Figure 5.  Ultrasound image of thickened, hyperechogenic bowel wall 
(arrows).

Figure 7.  Ultrasound image of tiny intraperitoneal calcifications 
(arrows).

Figure 6.  Ultrasound image of echogenic subhepatic intraperitoneal 
free fluid (star).

Patient data

Preterm neonates 
(<37 week of gestation)

Full term neonates 
(>37 week of gestation)

B.c.I. B.s.I. B.s.M. D.s.A. D.c.B. K.c.K. P.P. R.W. S.L.

Treatment and survival

Conservative – + – – – – + – –

Exploratory laparotomy – – – – – – – + –

Laparotomy and resection of necrotic 
intestinal fragment + – + + + + – – +

Death (D)/survival (S) D D S D D D S S S

Table 5. Treatment (with intraoperative assessment) and survival rate in the group of preterm and full term infants.
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is pathognomonic for NEC, was found in one patient only 
(11%) (Table 3). US changes were found in all examinations 
and they were characterized by broader spectrum.

Intestinal pneumatosis is a pathognomonic sign for NEC. 
Detectability of this sign in US varies between 13% and 
100% according to different sources, while in radiograms 
it ranges 20–95% [16]. In our study group intestinal pneu-
matosis was diagnosed more often in US (44%), while 
radiogram showed it in one case only (11%) and was con-
firmed in US (Table 3). Air bubbles may show within intes-
tinal wall before appearance of clinical symptoms of NEC. 
One should remember that they might be also sporadi-
cally found in the course of other pathologies (e.g. throm-
bosis or mechanical obstruction), although they rarely 
occur in neonates [9,15]. This sign is not always present 
in NEC (19–98% frequency of occurrence) [9] as shown by 
our study as well, since NEC was confirmed clinically and 
intraoperatively also in children without signs of intestinal 
pneumatosis in diagnostic imaging. Presence of intestinal 
pneumatosis does not always have to be associated with 
severe clinical course of the disease [9], which was also cor-
roborated in our study group – one patient with intestinal 
pneumatosis, portal venous gas, obstruction and suspected 
perforation was treated conservatively due to stabilization 
of clinical symptoms, resulting in complete regression of 
symptoms.

Portal venous gas secondary to resorption of air bubbles 
from the intestine into portal venous system is less com-
mon than intestinal pneumatosis. Diagnostic utility of US 
in detection of this sign is higher than that of x-ray exami-
nation [16]. In our study group this sign was detected in 
one case only (11%) with US. It is not as specific as intesti-
nal pneumatosis and may appear, for example, after umbi-
lical vein catheterization [9].

US allows for detection of both minute and larger amounts 
of intraperitoneal gas [22]. However, in case of suspected 
perforation x-ray is the examination of choice [9]. In the 
analyzed group, x-ray findings did not show signs typical 
for perforation, while US confirmed presence of air bubbles 
in one case, although it was not verifiable intra operatively 
due to conservative management.

Ability to visualize the amount, location and echogeni-
city of intraperitoneal fluid is an advantage of US over 
x-ray, which may visualize large amounts of fluid only [9]. 
Presence of intraperitoneal fluid is a nonspecific symp-
tom, which may appear in a variety of other pathologies, 
although visualization of echogenic fluid is an additional 
factor supporting the diagnosis of perforation, even in the 
absence of intraperitoneal gas [11]. Echogenic fluid was 
found in 33% of US. All of those patients underwent lapa-
rotomy, which confirmed perforation in 2 cases. X-ray 
studies did not reveal presence of intraperitoneal fluid.

Intestinal wall thickening/edema (about 2–3 mm) was the 
most common abnormality diagnosed in US. However, we 
did not observe intestinal wall thinning related to diffuse 
necrosis. In x-ray studies assessment of wall thickness is 
imprecise, while US not only enables wall thickness measu-
rements, but also allows for assessing echogenicity of its 

individual layers and peristalsis [9]. Thickness of normal 
intestine in a newborn may vary between 1.1 and 2.6 mm 
– it is considered thickened when it exceeds 2 mm, while 
thinning is recognized below 1 mm [22]. One should keep 
in mind that NEC is mainly diagnosed in preterm chil-
dren. Radiological changes of the intestine in this group of 
patients are heterogenic and depand on the stage of deve-
lopment, thus mentioned criteria are not always applicable. 
Additional symptoms accompanying abnormal wall thick-
ness include increased echogenicity when the wall is thick-
ened and reduced echogenicity with wall thinning [22]. 
Although quite common, intestinal wall  thickening is not 
specific for NEC. It is also true for abnormal peristalsis. 
However, when the assessment includes evaluation of per-
fusion, which shows absence of blood flow in the abnormal 
intestinal fragment, sensitivity of this examination reaches 
100% [22].

Evaluation of intestinal distension and distribution of 
intestinal gas is an important part of radiographic assess-
ment [9]. Intestinal distension, often secondary to obstruc-
tion, is the most common sign visible in 90% of radiograms 
in neonates with NEC. Low prevalence of this sign (33%) 
in our study group most likely ensues from inclusion crite-
ria assumed for our study, which required equivocal x-ray 
findings. US also enables evaluation of the degree of intes-
tinal distension and establishing diagnosis of obstruction. 
However, in contrast to x-ray examination, ultrasound does 
not allow for assessment of intestinal gas distribution [9]. 
In preterm neonates US allows for identification of chan-
ges suggestive of intestinal immaturity, which increase the 
risk of NEC (hyperechogenic, collapsed intestinal wall with 
reduced peristalsis) [23].

Despite significant progress in neonatal care and improved 
treatment outcomes, NEC remains an important diagnostic 
and therapeutic problem, as it is still associated with high 
mortality, which has remained at the same level for years 
[4,5]. Implementation of appropriate treatment is crucial 
for successful outcome, requiring involvement and coopera-
tion of the entire diagnostic-therapeutic team. As  pre vio usly 
mentioned, choice of therapeutic method depends on the 
degree of disease progression. Conservative treatment is 
implemented in stages I and II, while stage III requires sur-
gical management, as it is associated with a threat of per-
foration. Literature from recent years regarding utility of 
US in the diagnostics of intestinal disorders places increa-
singly more emphasis on the need to include this exami-
nation into the diagnostic algorithm [9,15–17,22], particu-
larly when there is a large discrepancy between patient’s 
clinical state and results of x-ray studies. In an early stage 
of NEC, despite alarming clinical symptoms, initial radio-
logical findings may be nonspecific. Since disease progres-
sion is very rapid, it is crucial to establish the diagnosis as 
early as possible and US may be helpful in achieving this 
goal. Signs visualized in US, including intestinal perfusion, 
may be applied to radiological Bell’s classification in order 
to esta blish the degree of disease progression. Distension 
of intestinal loops with presence of fluid or air, suspicion 
of intestinal pneumatosis or portal venous gas, as well as 
increased perfusion in the abnormal portion of the intes-
tine indicate mild disease. Intestinal pneumatosis and por-
tal venous gas, intestinal wall thickening and increased 
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perfusion of diseased intestine indicate moderate severity 
of the condition. Most advanced stages present with thin-
ning of intestinal wall in the involved region, echogenic 
intraperitoneal fluid, free intraperitoneal air and absence of 
blood flow within changed intestinal fragment [22]. In our 
study group severity of clinical symptoms did not correlate 
with radiological features, which was the reason for order-
ing urgent US. Based on the results of US surgical manage-
ment was implemented in the majority of patients (78% of 
cases). Other helpful signs identifiable in the US, apart from 
intestinal pneumatosis, which was diagnosed in 44 % of 
cases, are intestinal wall thickening and pre sence of echo-
genic fluid, and may aid in establishing proper diagnosis.

US also enables initial assessment of extent and location of 
changes, which is helpful in surgical management – lapa-
rotomy with resection of necrotic intestine is indicated in 
diffuse changes, while limited lesions may be sufficiently 
treated with less invasive peritoneal drainage, which is 
associated with improved prognosis in NEC, particularly in 
neonates with low birth weight [24–28]. In our study group 
surgical treatment was implemented in 78% of children – 
one child underwent exploratory laparotomy, while other 
patients were subjected to laparotomy and removal of 
necrotic portion of the intestine. Location of changes iden-
tified in US was concordant with intraoperative evaluation 
in 57% of operated cases.

We should point out some limitations of ultrasound exami-
nation. Abdominal US may be hindered by large amounts 

of intestinal gas, although it is rare among small children. 
Moreover, if the examination is performed by a physician 
experienced in evaluation of the intestine, with applica-
tion of gradual pressure, this hindrance may be effectively 
eliminated [9]. Severe clinical state may also preclude this 
examination (instability and hypersensitivity to pressure in 
particular). In such cases it may be advantageous to use 
large amounts of gel, which enables execution of ultra-
sound examination without exerting abdominal pressure 
[9]. In our study group we were able to visualize intesti-
nal structures despite the severe clinical state our patients 
were in. Among many advantages of US, we should remem-
ber about the fact that it does not expose the patient to 
ionizing radiation, which is very important for preterm as 
well as term neonates, who are developing rapidly.

Conclusions

1.  Abdominal ultrasound examination with evaluation of 
the intestine aids in the diagnosis of necrotizing entero-
colitis, particularly when results of x-ray do not corre-
late with severe clinical state of the patient.

2.  Spectrum of morphological changes identifiable in US is 
much wider than in x-ray examination.

3.  US examination in a course of NEC often enables identi-
fication of pathologies before they appear in radiograms.

4.  US enables precise determination of the degree of pro-
gression of intestinal changes, which allows clinicians to 
make proper therapeutic decisions and implement appro-
priate treatment earlier.
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