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Relevance. Early diagnosis and objective determination of the presence and degree of intestinal obstruction is 
important for practicing surgeons. The abdominal X-ray examination, the contrast passage examination, and in 
some cases computer tomography are used for clinical confirmation of this pathological condition.

Purpose – to reveal the diagnostic value of clinical investigation methods in children with adhesive intestinal 
obstruction.

Materials and methods. We followed up 89 children with adhesive intestinal obstruction. All the children, in 
addition to a complete clinical physical examination during hospitalization, had the clinical investigation in order 
to verify the diagnosis: X-ray examination and ultrasound examination of the abdominal organs.

Results. According to our data, the main signs of intestinal obstruction at the X-ray examination of the abdo minal 
cavity were the absence of gas in the large intestine (66; 74.2%), hydroaeric levels or Kloiber’s cups (58; 65.2%) and 
dilation of small intestine loops ≥3 cm (37; 41.6%); at the ultrasound of the abdominal organs – dilation of the small 
intestine loops ≥3 cm (70; 78.7%) and an ineffective peristalsis (33; 37.1%).

Conclusions. Rapid diagnosis of the surgical disaster in children with suspected adhesive intestinal obstruction and 
important information is provided by X-ray examination and ultrasound examination of abdominal organs. Ultrasound 
diagnosis of abdominal organs in patients with peritoneal adhesions is non-invasive and sufficiently informative for 
multiple monitoring of the disease and the effectiveness of treatment without negative impact on the patient.

The research was carried out in accordance with the principles of the Helsinki Declaration. The study protocol was 
approved by the Local Ethics Committee of all participating institutions. The informed consent of the patient was 
obtained for conducting the studies.

No conflict of interests was declared by the authors.
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Introduction
The success of recent years in the study of the pathogen-

esis and prevention of the adhesion process and the intro-
duction of minimally invasive surgical techniques, unfor-
tunately, did not significantly help in solving the problem of 
the adhesive intestinal obstruction (AIO). Postoperative 
adhesions prevail in the structure of both immediate post-
operative complications and long-term consequences. Ac-
cording to modern literature data, in pediatric practice, 
about 5% of patients require inpatient treatment concerning 
the postoperative AIO, while after intervention on the small 
intestine this complication takes place the most often – in 
every 10th child [3,5–8]. Up to 60% of all relaparotomies in 
children are performed for acute intestinal obstruction (IO) 
caused by adhesions. Besides, up to 7% of patients have a 
recurrent course of AIO, which requires repeated hospital-
izations and rela parotomy and significantly reduces the 
quality of life of the child [3,7,12]. Besides, adhesions lead 
to chronic digestive disorders and pain syndromes, which 
is especially undesirable in pediatric practice, taking into 
account high requirements for full rehabilitation and resto-
ration of the quality of life of patients.

So, early diagnosis and objective determination of the 
presence and degree of IO is important for practicing sur-
geons. For the clinical confirmation of this pathology, 
abdominal X-ray, study of the contrast passage (barium 
suspension or triombrast), and in some cases computer 
tomography [1,2,4] are used.

With abdominal X-ray typical signs of mechanical IO 
are hydroaeric levels (Kloiber’s cups) of the different diam-
eter, intestinal arches, dilation of small intestine loops. The 
absence of gas in the large intestine is considered a sign of 
complete obstruction. Pneumoperitoneum is a sign of a 
complicated course of the disease with perforation of the 
gastrointestinal tract (GIT) caused by necrosis [4,9].

If there are no pathognomonic X-ray signs, the contrast 
passage along the GIT is examined. At the same time, ac-
cording to modern clinical recommendations [8,12], the 
oral administration of water-soluble hyperosmolar con-
trast agents plays not only a diagnostic, but also a thera-
peutic role, inducing IO arrest. The delivery of contrast to 
the large intestine within 48 hours is considered to be the 
obstruction removal criterion.

Ultrasound imaging of the abdominal cavity plays an 
additional role in the case of apparent clinical and X-ray 
picture of acute IO, but remains the main verification 
method of imaging at the examination of children with 
abdominal syndrome, in particular in acute appendicitis 
and its complications, taking into account the speed, avail-
ability and informativeness of the method without expo-
sure of a child [10,11]. Polypositional abdominal ultra-
sound helped in imaging the intra-abdominal localization 
of the level of obstruction, additionally determine the 
indications to urgent surgery or conduct dynamic moni-
toring of the AIO conservative treatment effectiveness.

However, in the literature, there is no comparative cha-
rac teristic of radiological and sonographic signs of intesti-
nal obstruction in children, which was the aim of our study.

The purpose of the study – to determine the diagnostic 
value of clinical investigation methods in children with AIO.

Materials and methods of the study
89 children with AIO were under supervision at the surgical 

departments of the Odessa Regional Children’s Clinical Hospi-
tal. All children, in addition to a complete the clinical physical 
examination during hospitalization, had the clinical investiga-
tion for the purpose of verifying the diagnosis: abdominal X-ray 
and abdominal ultrasound. The abdominal X-ray as the main 
method of clinical diagnosis of AIO, as well as clinical manifes-
tations, depended on the age of the pathological process, its 
prevalence and localization. In most cases (66; 93.0%) of com-
plete obstruction the abdominal X-ray was sufficiently informa-
tive to confirm the diagnosis due to the presence of typical X-ray 
signs: hydroaeric levels of different diameter, intestinal «arches» 
in combination with the absence of gas in the large intestine.

Ultrasound examination revealed thickening of the intes-
tinal walls, overstretching of the lumen of the intestine with its 
contents, fixed loops or the mass formation from the intestinal 
loops, and the presence of fluid in the abdominal cavity.

Abdominal ultrasound was carried out with a Siemens 
Sonoline SL-1 device and a portable ultrasound device 
Sonosite Edge II using linear and convex sensors with a 
power of 5–9 MHz.

Besides, we actively use ultrasound for postoperative mon-
itoring of recovery of intestinal peristaltic activity and dynam-
ics of intra-abdominal changes in the course of peritonitis. 
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Table 1
Characteristics of X-ray and ultrasound image in children with early adhesive intestinal obstruction (EAIO)
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According to modern data, abdominal ultrasound is a highly 
sensitive and specific method for examining patients, provided 
that there is no flatulence, careful preparation of the patient for 
examination, and the use of mo dern ultrasound scanners, 
which make it possible to obtain a high-quality image [4,10,11].

Research was conducted in accordance with the standard 
of bioethics and was approved by the institution’s ethics 
committee.

The research was carried out in accordance with the prin-
ciples of the Helsinki Declaration. The research protocol was 
approved by the Local Ethics Committee of all institutions 
mentioned in the work. Informed consent of the children’s 
parents was obtained for the research.

Results and discussion
In early adhesive-paretic intestinal obstruction (EApIO), 

abdominal X-ray made it possible to detect multiple hori-
zontal levels of fluid in delated intestinal loops throughout 
the abdomen. Depending on the degree of paresis and se-
verity of the clinical picture, abdominal dilatation was de-
termined caused by air in the loops, which increased the 
diameter of the intestine (Table 1a).

Abdominal ultrasound in children with EApIO in all 
cases revealed a decrease in the sharpness of the contours 
and thickening of the intestinal walls due to the tissues 
swelling of the organ structures during long-term inflam-
mation, the intestine loops overstretching with contents 
along the entire length, which led to a decrease in peristalsis; 
the presence of fluid in the abdominal cavity was the evi-
dence of peritonitis (Table 1b).

In early adhesion-obstructing intestinal obstruction 
(EAoIO) on the abdominal X-ray the number of hydro aeric 
levels is slightly less than in adhesive-paretic obstruction, 
their diameter was different, and their location was not 
throughout the whole abdomen. The amount of air in the 
intestinal loops depended on the severity of clinical mani-
festations (Table 1c).

In cases of EAoIO ultrasound made it possible to visual-
ize not only aperistaltic intestinal loops delated with con-
tents, but also to determine the level of obstruction due to 
different diameter of the intestine, fixation of the loop with 
an adhesion against the background of transparent fluid in 
the abdominal cavity (Table 1d).

The occurrence of the delayed early obstruction was always 
accompanied by both changes in the clinical course and the 
peculiarity of the X-ray and ultrasound picture. Since the in-
flammatory process in the abdominal cavity has been already 
arrested, the severity of the manifestations depended on the 
morphological structure of the adhesion, which compressed 
the intestinal loop and led to strangulation. The diameter of 
the levels and the amount of air in the intestines depended on 
the age of the disease at the time of the examination. Solitary 

hydroaeric levels of the different diameter above the place of 
obstruction were found more often (Table 1e).

At this point of the adhesive obstruction occurrence, ul-
trasound revealed fixed intestinal loops, sometimes the 
mass of loops with scarcely noticeable movement of the 
contents due to spasm of the wall, peristalsis was preserved 
in other areas. The diameter of the intestines differed in dif-
ferent areas (Table 1f). This condition was accompanied by 
a vivid clinical picture: the child complained of spasm-like 
pain, repeated vomiting, and delayed defecation. According 
to the clinical picture, the abdominal X-ray also differed.

Late adhesive intestinal obstruction (LAIO) is character-
ised by the presence of dense adhesions that stretched the 
intestinal wall, which led to the local blood supply disorder 
and intestinal necrosis. So, during the very acute course of 
LAIO, very clear single hydroaeric levels of different diam-
eter were localized above the level of obstruction, and intes-
tinal air arches pronouncedly indicated to disaster in the 
abdominal cavity (Table 2a). The picture of the abdominal 
X-ray did not change during dynamic monitoring.

During the abdominal ultrasound in such a child, be-
sides of the intestinal loop fixation, overstretching of the 
intestinal loops of various diameter, areas of increased 
haustration or spasm, and immobile intestinal contents 
were imaged (Table 2b).

We present the following example of the abdominal X-ray 
with an acute course of LAIO. In these cases, solitary hy-
droaeric levels are not as pronounced as with very acute 
course, their number can be increased, the air «arches» are not 
tense (Table 2c). However, during the re-examination, when 
the clinical condition worsens, the abdominal X-ray picture 
looks like the picture of the very acute course of LAIO.

In these cases, abdominal ultrasound reveals the place of 
fixation of intestinal loops of various diameter, their over-
stretching, aperistaltic areas with immobile contents or 
spasm (Table 2d). With fluid in the abdominal cavity poly-
positionally, adhesions themselves can be visualized as cords.

At the subacute course of LAIO, signs of partial intes-
tinal obstruction were usually clinically determined, ac-
cordingly, at abdominal X-ray the Kloiber’s cups were 
single, of different diameter or multiple small along with 
moderate pneumatization of intestinal loops (Table 2e).

The subacute course of LAIO was most often treated 
with conservative treatment, therefore during dynamic 
monitoring, the picture of abdominal X-ray changed rap-
idly, there were no hydroaeric levels.

According to this condition, ultrasound of the abdominal 
cavity also determined moderate intestinal pneumatosis; het-
erogeneity of intestinal motility, the fixation site could not be 
visualized even with polypositional examination (Table 2f).

If the clinical manifestations of the postoperative AIO 
were not clear enough or in cases of unclear X-ray pic-
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Table 2
Characteristics of X-ray and ultrasound pictures in children with late adhesive intestinal obstruction
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ture, for example, in the subacute form of AIO, the X-ray 
contrast (the barium sulfate suspension passage) was 
additionally conducted.

Monitoring of abdominal X-ray was carried out in 6, 
12 hours and later. Contrast passage depended on the degree 
of intestinal paresis. When conducting the contrast X-ray in-
vestigation, the following X-ray signs were taken into account:

1) the presence of contrast in the cecum;
2) appearance of contrast in the sigmoid and rectum.
In children, barium sulfate usually appeared in the 

cecum in 3–3.5 hours, and its complete delivery to the 
large intestine was observed in 6–7 hours. The presence 
of contrast in the cecum or more distally within 12 hours 
was a criterion for excluding obstruction (Fig.).

At the subacute course of LAIO there were signs of partial 
intestinal obstruction (either Kloiber cups of different diame-
ter along with moderate pneumatization of the intestinal loops, 
or multiple small horizontal levels of fluid). The acute and very 
acute course was characterized by classic symptoms of com-
plete obstruction (solitary Kloiber’s cups of different diameter, 
unevenly distributed throughout the abdominal cavity, «arch-
es» in stretched intestinal loops, homogeneous darkening in 
the lower parts of the abdominal cavity). As a rule, contrast 
X-ray investigations were conducted in EAIO and subacute 
LAIO – the contrast passage (barium sulfate suspension) dis-
order degree made it possible to specify the diagnosis in am-
biguous situations and determine treatment management.

However, taking into account the need for repeated 
radiation exposure during contrast X-ray examination 
on the one hand, and careful approach to diagnosis in 

pediatric surgery on the other one – we compared the 
clinical, X-ray and ultrasound signs of AIO and deve-
loped a complex diagnostic algorithm.

The frequency of determination of typical signs in the 
clinical investigations in children with AIO is given in the 
table 3. So, with abdominal X-ray, the main sign of any 
intestinal obstruction – the hydroaeric levels – was detect-
ed in 58 (65.2%) patients, at the same time 66 (74.2%) 
children had no gas in the large intestine; the dilatated 
small intestine loops were recorded in 37 (41.6%) patients, 
and intestinal «arches» – in every 5th patient (17; 19.1%).

All 89 (100%) children with AIO who were under our 
supervision were conducted abdominal ultrasound. Ultra-
sound revealed the following leading signs of AIO: an in-
crease in the diameter of intestinal loops ≥3 cm (70; 78.7%), 
inhibition of peristalsis and pendular movement of intestinal 
contents (33; 37.1%), swollen mesentery (15; 16.9%). With 
a longer history of the pathological process, the presence of 
free fluid as an interloop effusion (39; 43.8%) or in the small 
pelvis (22; 24.7%), thickening of the intestinal wall (17; 
19.1%) are observed, which is a sign of ischemic changes.

We can observe from the table 3 that in children with 
AIO ultrasound most often revealed overstretching of the 
small intestine loops. But this sign is considered to be 
low-specific and as a single one has no diagnostic value, 
because it is often determined with flatulence in children 
with functional intestinal pathology and, accordingly, 
should be used in a comprehensive assessment.

However, in our opinion, if the child has a history of 
abdominal surgery, the value of this sign increases and in 
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Table 3
Frequency of detection of typical signs of intestinal 
obstruction during clinical investigation in children
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case of its presence, first of all, it is necessary to exclude 
the dilation of intestinal loops with gas caused by intesti-
nal obstruction to determine treatment management.

So, the clinical investigation in children with suspected 
AIO, that is abdominal X-ray and ultrasound, is a neces-
sary diagnostic step on the way to the rapid detection of a 
surgical disaster in the abdominal cavity and important 
information for monitoring the disease and treatment ef-
ficacy. Signs of IO at the abdominal X-ray and ultrasound 
supplement each other, and sometimes they are inter-
changeable, if it is not possible to conduct both examina-
tions. X-ray examination has been long occupied its place 
in the diagnosis of IO, but repeated radiation exposure has 
a certain negative value, the abdominal ultrasound in pa-
tients with postoperative peritoneal adhesions and AIO is 
non-invasive and sufficiently informative, which makes it 
possible to monitor in dynamic the course of the patholog-
ical process in different periods of treatment and multiple 
investigations without negative impact on the patient.

Conclusions
Based on the above said, we give the following conclusions:
1. A necessary diagnostic step in children with sus-

pected AIO is abdominal X-ray and ultrasound, which 
provides a quick diagnosis of a surgical disaster in the 
abdominal cavity and important information for moni-
toring the disease and treatment efficacy. Signs of IO in 
abdominal X-ray and ultrasound supplement each oth-
er, and sometimes they are interchangeable.

2. According to our data, the main signs of IO in abdom-
inal X-ray and ultrasound were the absence of gas in the 
large intestine (66; 74.2%), the presence of hydroaeric levels 
or Kloiber cups (58; 65.2%) and the dilation of small intes-
tine loops ≥3 cm (37; 41.6%); abdominal ultrasound exam-
ination revealed the dilation of the small intestine loops 
≥3 cm (70; 78.7%) and ineffective peristalsis (33; 37.1%).

3. X-ray examination has been long occupied a promi-
nent place in IO diagnosis, but a repeated radiation expo-
sure has the negative impact, but abdominal ultrasound in 
patients with peritoneal adhesions is non-invasive and 
sufficiently informative, which makes it possible to dynam-
ically monitor the course of the pathological process at dif-
ferent periods of treatment and multiple observations with-
out the patient exposure.

Prospects for further research. Rapid diagnosis of the sur-
gical disaster in children with suspected AIO and important 

information are provided by abdominal X-ray and ultrasound 
examination. Ultrasound diagnostics of abdominal organs in 
patients with peritoneal adhesions is non-invasive and suffi-
ciently informative, that is why it is advisable to use abdominal 
ultrasound for multiple monitoring of the disease and treat-
ment efficacy without a negative impact on the patient.

No conflict of interests was declared by the authors.
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