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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 abdominal
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 23 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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[iarHocTUYHa LiHHICTb iIHCTPYMEHTaNbHOro 06CTeXKeHHA AiTeit i3 cnaiikoBOK KULLKOBOIO HENPOXigHICTIO
M. I. MenbHu4eHKo, A. A. KeawHina
OOdecbkuli HauyioHanbHUlU medu4Hull yHisepcumem, YkpaiHa

BaxNMBMM AR NPAKTUKYIOUMX XipYpriB € paHHSA AiarHOCTUKA Ta 06’EKTUBHE BU3HAYEHHA HAABHOCTI M CTYNeHs KMLWKOBOI HeMpoXiAHOCTI.
[ns iHCTPYMEHTaNbHOro NiATBEPAKEHHS LbOro NaToA0MNYHOro CTaHy BUKOPUCTOBYETHCA OMNALOBA peHTreHorpadia opraHis yepeBHoi
MOPOMHWUHW, [OCNILKEHHA NACAKY KOHTPACTY, B OKPEMMX BUMALKaX KOMN'toTepHa Tomorpadis.

Merta — BUABUTM AjarHOCTUYHY LLIHHICTb iIHCTPYMEHTaNbHUX METO/IB 06CTeXKEHHS B AiTel 3i CNalikoBOH KMLLIKOBOK HEMPOXiAHICTIO.
Martepianu Ta metogu. i HawMm cnoctepeskeHHAM nepebysanu 89 aiTelt 3i CNAKOBOK KMLLIKOBO HEMPOXiAHICTIO. YCiM AiTAM, OKpim
MOBHOrO 3ara/sibHOKMIHIYHOro $i3nMKaNbHOro 06CTEKEHHA NPYM rocniTanisauii, ana BepudikaLii fiarHo3y NpoBeAeHO iIHCTPYMEHTabHE
0bCTEKEHHA: OrNAA0Ba PEHTreHorpadia Ta yNbTPasByKOBE A0CANIAMKEHHA OPraHiB YepeBHOI NOPOXKHUHW.

Pe3ynbTaTy. 3a HaWWMKM 4aHMMUK, TONIOBHUMM O3HAKaMM KMULLKOBOT HENPOXiAHOCTI Npu OrnaaoBii peHTreHorpadii opraHis YepeBHOI
NOPOMXKHWHW BYNU BiCYTHICTb rasy B TOBCTIM KM (66; 74,2%), riapoaepunuHi pisHi abo vawi Knoibepa (58; 65,2%) Ta po3wmpeHHs
neTesib TOHKOT KMWKKM 23 cm (37; 41,6%); npum Y3/, opraHis YepeBHOT NOPOXKHUHM — PO3LIMPEHHA NETeNb TOHKOT KULWKKM 23 cm (70;
78,7%) Ta HeedeKTMBHa nepucTanbTika (33; 37,1%).
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BucHOBKM. LLIBMAKY AiarHOCTUKY XipypriyHoi KaTacTpodw B AiTel i3 Nig03p0H0 Ha CMaiKoBY KMLWIKOBY HEMPOXiAHICTb | BaxKAMBY iHGopmaL;io
3abe3neyytoTb OINA408Ba PeHTreHorpadis Ta y/bTPa3ByKOBE AOCANIAKEHHSA OPraHiB YepeBHOI MOPOXKHMHM. YNbTPa3BYKOBA AjarHOCTMKA OpraHiB
YyepeBHOT MOPOXKHMHM B MALEHTIB i3 NEPUTOHEANIbHUMM CNAaKaMK € HEiIHBA3UBHMM i ,OCTATHbO iHGOPMATUBHUM ANs HaraTopa3oBoro
MOHITOPUHTY 3aXBOPHOBAHHA Ta ePEKTUBHOCTI NiKyBaHHA 6€3 HEraTMBHOTO BM/IMBY Ha NaLli€HTa.

JocnigxeHHA BUKOHAHO BiANOBIAHO A0 NpUHLMNIB [eNbCiHCbKOT AeKnapauii. MPoToKoN AOCAiAKEHHA yXBaNeHO JIOKaNbHUM ETUYHUM
KOMITETOM YCiX 3a3HaueHux y poboTi ycTaHoB. Ha npoBefeHHA AOC/iAXKEHb OTPMMaHO iHpOpMOBaHy 3roay 6aTbkis, AiTel.

ABTOpPYM 3aAB/ISHOTb NPO BiACYTHICTb KOHGAIKTY iHTEpPECiB.

Kntouosi cnoea: aitv, 4jiarHoCTUKa, IHCTPYMEHTalbHe JOCNIAKEHHSA, CNAliKoBa KMLWIKOBA HENPOXIAHICTb.

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 (I0)
caused by adhesions. Besides, up to 7% of patients have a
recurrent course of AIO, which requires repeated hospital-
izations and relaparotomy 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-
racteristic 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 ATIO 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)

Diagnosis

Abdominal X-ray

Abdominal ultrasound

Early adhesive-paretic
intestinal obstruction,
acute course (the 4™ day
of the postoperative
period of appendicular
peritonitis)

Multiple hydroaeric levels
throughout the abdomen.

MauienT: BRauenkos |

A decrease in the sharpness of the contours and thickening
of the intestinal walls, a decrease in the movement of intes-
tinal contents, the presence of fluid in the abdominal cavity.

Early adhesive-
obstructive intestinal
obstruction, acute course
(the 9t day of the post-
operative period

of appendicular

intestinal obstruction,
acute course 3 weeks
of the postoperative
period of appendicular
peritonitis)

e

Solitary hydroaeric levels of dif-
ferent diameter are located in
the mesogaster.

peritonitis)
c d
Multiple hydroaeric levels of | Stretched immobile intestinal loops, the presence of adhe-
different diameter are not locat- | sions against the background of fluid in the abdominal cavity.
ed throughout the abdomen.
Early adhesive delayed

f

Fixed immobile intestine loops, wall spasms.
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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 modern 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 (EAplO),
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
(EA0lIO) on the abdominal X-ray the number of hydroaeric
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 1¢).

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
avivid 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 2¢c). 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

Postoperative period

Abdominal X-ray

Abdominal ultrasound

Very acute course,
3 months of the postop-
erative period of appen-
dicular peritonitis

Single clear hydroaeric levels of
different diameter, air arches of
the intestines.

b
Overstretched immobile intestine loops, pronounced haus-
tration.

Acute course, 6 months
of the postoperative
period of appendicular
peritonitis

c
Single dim hydroaeric levels of

d
Overstretched fixed immobile intestinal loops, pro-
nounced haustration.

Subacute course,

12 months of the post-
operative period of ap-
pendicular peritonitis

different diameter, air «arches».

Small hydroaeric levels of different
diameter, moderate intestinal
pneumatosis.

Mauient: Comeraon

Moderate intestinal pneumatosis.
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Table 3
Frequency of detection of typical signs of intestinal
obstruction during clinical investigation in children

Frequency
A sign of intestinal obstruction of detection
Abs (%
Hydroaeric levels (Kloiber cups) 58 65.2
Intestinal «arches» 17 19.1
X-ray, Dilation of small intestine loops 23 cm | 37 41.6
n=89 |Absence of gas in the large intestine |66 74.2
Pneumoperitoneum 1 1.1
Absence of characteristic signs 24 26.9
Dilation of small intestine loops 70 78.7
>3 cm
Inefficient peristalsis 33 37.1
Ultra- | Swollen mesentery 15 16.9
sound | Interloop effusion 39 43.8
n=89 |Free fluid in the small pelvis 22 |24.7
Free fluid in Morison’s pouch 4 4.5
Thickening of the intestinal wall 17 19.1
Intramural gas 2 2.3

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

Fig. X-ray of a girl A., 9 years old (Medical chart No. 5036). The
presence of contrast in the sigmoid colon, intestinal pneuma-
tosis. Diagnosis: late adhesive intestinal obstruction, subacute
course 6 months after treatment of appendicular peritonitis)

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 5" 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
alonger 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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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 23 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

Bigomocri npo aBTopiB:

information are provided by abdominal X-ray and ultrasound
examination. Ultrasound diagnostics of abdominal organs in
patients with peritoneal adhesions is non-invasive and sufhi-
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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