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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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THE ROLE OF RADIODIAGNOSIS OF NECROTIZING ENTEROCOLITIS IN 
PREMATURE INFANTS

A.A. Musayev.
K.Y. Farajeva Research Institute of Pediatrics, Baku, Azerbaijan Republic..

Abstract.
Introduction: Necrotizing enterocolitis (NEC) is the most 

often encountered pathology of newborns and always requires 
an emerging surgery in cases of perforation. An active study of 
more important diagnostic factors at early stages of a disease is 
one of the first aims of neonatologists and pediatric surgeons. 

Aim: This study was therefore designed to examine the state of 
diagnostic problems in patients presenting with NEC, identification 
of possible ways of the improvement of a patient’s diagnosis 
suffering from NEC and patients with perforated enterocolitis 
(PNEC), definition of the possibilities of roentgenologic methods 
for the determination of a disease stage of NEC.

Material and Methods: 69 infants aged one day to 1.5 months 
admitted at surgical department of K.Y. Farajeva Research Institute 
of Pediatrics between 2016 and 2021 inclusive were treated and 
evaluated. The capabilities of plain radiography and using radiocontrast 
methods of study to reveal NEC stages have been evaluated.

Results: The use of CSM has advantages: simplicity 
and accessibility in use, high diagnostic informativeness, 
identification of objective signs of NEC in 2-3 hours of research, 
allows assessing the severity of the patient's condition at an 
early date and timely correct treatment.

Key words. Premature infants, necrotizing enterocolitis, 
roengenologic diagnosis.
Introduction.

Necrotizing enterocolitis (NEC) is the most often encountered 
pathology of newborns and always requires an emerging surgery 
in cases of perforaton. Today there differ NEC of mature and 
premature infants and isolated perforations as well. In these 
groups NEC has a various clinical course-from quick and 
acute to intermittent and latent course with noticeable stages 
according to Bell. An active study of more important diagnostic 
factors at early stages of a disease is one of the first aims of 
neonatologists and pediatric surgeons. X-ray examination is the 
most significant diagnostic method in appearance of clinical 
picture of NEC. In our study we wanted to analyze the method 
of roentgenocontrast study of gastrointestinal tract (GIT). A 
starch-contrast mixture (SCM) was used in patients who has 
carried the diagnosis of NEC. In this respect, the use of SCM 
seems to have the advantages: simplicity and availability in 
application, high diagnostic information, revealing the objective 
features of NEC over 2-3 hours from the onset of investigation, 
allows us to evaluate severity of a patient’s disease at early 
stages and timely correct the treatment.

NEC is a polyetiologic syndrome – related death. For a 
long time this pathology has not been distinctly defined as a 
nosologic form and existed under various diagnoses such as 
functional intestinal obstruction, intra-abdominal abscess, 
ileum spontaneous perforation, appendicitis, necrotizing 
colitis of newborns with perforations, ischemic enterocolitis, 
a newborn’s intestinal infarction [1, 2].  Hypoxia and 
mesenteric blood flow disorders resulting in the disorders of 

barrier function of intestinal mucous should be considered as 
a driving link in NEC pathogenesis, microbic translocation in 
blood channel, inflammation resulting in a cascade of cytokine 
reactions, mucous alcerations, necrosis and perforation [3, 4]. 
The level of a disease with NEC comprises 0.3 to 3 per 1000 
newborns and 10-25% - in premature infants. Today mortality 
values are not much better than in the first description of this 
disease W. Heinrich in 1944. Besides intensive combined 
efforts of neonatologists, pediatric surgeons, anesthesiologists-
resuscitators and also the developed latest technologies of 
nursing and treatment of newborns, the  levels of lethality 
range from 28 to 60 % for NEC complicated by perforation 
and peritonitis. And this determines the activity of this problem 
[5, 6, 7]. X-ray examination is one of the major and objective 
methods for the diagnosis of NEC[8,9]. The roentgenologic 
features of NEC are as follows: uneven flatulence of intestinal 
loops, pneumatosis of intestinal wall (linear or cyctic), gas in 
hepatic portal system, pneumoperitoneum, intra-abdominal 
liquid. Both pneumothorax and gas in hepatic portal system are the 
most frequent features of NEC [10,11,12]. The results of treatment 
most likely relate to timely diagnosis of NEC stages [13].

The purpose of the study is to assess the state of the 
problem of diagnosing NEC patients, to determine possible 
ways to improve the diagnosis of NEC patients and patients 
with perforating necrotic enterocolitis (PNEC), to clarify the 
possibilities of the X–ray method for determining the stage of 
NEC disease.

Material and Methods. The analysis of a prospective 
examination of 69 children aged 1 day to 1.5 months who 
were admitted to the surgical department of the K.Y. Farajeva 
Research Institute of Pediatrics in 20016-2021 with a diagnosis 
of NEC was carried out. The capabilities of plain radiography 
and using radiocontrast methods of study to reveal NEC stages 
have been evaluated. The roentgenologic criteria allowing 
us to define the reversible and irreversible alterations in 
gastrointestinal tract for NEC have been well defined.

Statistical analysis of findings was made by generally 
accepted methods of variation statistics using the Fisher-
Student’s program by means of “Statistica 6.0” at personal 
computer. The data were considered significant if the levels of 
significance corresponded to (p<0.05).

Results and Discussions. All patients were divided into two 
groups. Mature infants comprised 19 patients (27.5%) and 
premature - 50 patients (72.5%). In 61.6 % of mature patients 
the disease started in infants aged 3-15 days, in premature 
patients – in 73.5% of infants aged 3-15 days. We revealed 
the following factors of NEC development associated with the 
risk of peritonitis progression: perinatal pathology of central 
nervous system (PPCNS), congenital failure, respiratory distress 
syndrome (PDC), intrauterine infections. A group of patients 
presenting with NEC and complicated by peritonitis comprised 
29 patients. At the admittance the patients with complicated 
peritonitis (33.3%) before 12 hours showed a 100 % survival, 
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17 infants died, out of them 6 infants (35.3 %) (p<0.05) died 
at first day after hospitalization, four patients (23.5%) (p<0.05) 
- at 2-4 days. Thus, 10 patients were not curable. In group of 
patients presenting with NEC and complicated by peritonitis 3 
infants (25%) showed a very low body mass, in group of died 
patients - 12 infants (70.1%) (p<0.05). 

The table shows the results of a study of the hemostasis system 
in children with NEC complicated peritonitis.

Table. Hemostasis indicators in children with NEC complicated 
peritonitis
Indicators   Норма   NEC (n=29)
APTT, sec 44,03 ± 0,65 54,7 ± 1,02
TV, sec 14,54 ±0,1 16,6  ± 9,38
PV, sec 16,39 ± 0,23  23,36  ± 0,25
OFT, mcg/100 ml 1,5  ± 0,5  3,75 ± 0,62
Fibrin, g/l 3,3  ± 0,79  4,8  ± 0,73
XIIa, f-r min. 6,0  ± 0,15  28,2  ± 0,82
ADF, % 44   ± 0,68  78,4  ± 0,66
Platelet count, l 109 219  ±  11,5  180  ± 13,45
Platelet activity index,(femtoliter-FL) 8,1 ±  1,2 8,45±  1,1
ADP, sec 27,34  ± 0,48   36,35  ± 0,75
LET, sec 20,67  ± 0,23   34,5  ± 0,65
ECHT, sec 29,95  ± 0,35   40,93  ± 0,25
AT  III,% 100,8  ± 2,8  140,6  ± 2,77
FV, %  92,95  ± 4,5  194,9 5 ± 6,7
Note. * — statistically significant differences compared with the 

control group (* p < 0.05; 0.01). ADP, sec — platelet aggregation 
with ADP; AT III, % — antithrombin III; ANT, sec — ancystrodone 
test in seconds; APTT, sec — activated partial thromboplastin time 
in sec; OFT, mcg/100 ml — orthophenanthroline test; PV, sec — 
prothrombin time in seconds; TV, sec — thrombin time in seconds; 
PV,% — Willebrand factor; XIIa factor, min — factor XIIa dependent 
fibrinolysis. LET- lebetox test with the venom of the common gyurza, 
ANT- ancystrodone test with the venom of the common snout, ECHT-
echitox test with the venom of the many-scaled ephy.

When studied the homeostatic system in infants suffering from 
NEC complicated by peritonitis showed the following changes: 
in coagulative link in adrenocorticotropin (ACT) a 15.1%, 
decrease of maximal coagulative activity, a 13 sec prolongation 
of activated time of plasma recalcification, a 10 sec of activated 
partial thromboplastin time, 35.6% reduction of prothrombin 
index. Prothrombin time increased by 7 sec, thrombin time – by 
2 sec. Fibrinogen showed the increase by 1.5 gr/l, Coagulation 
time with toxins was increased in lebetoxic - by 11 sec, 
echotoxic – by 9 sec, AHT – by 9 sec as compared with those 
of normal control values (p<0.05). In vascular platelet link there 
were observed reduced platelet amounts up to 180 ± 13.45 × 
109/l, the time with thrombin aggregation has been increased by 
2 sec, with ADA aggregation – by 34.4 %, in shortening of time 
of ristomycin aggregation – by 2 sec (p<0.05).

An index of platelet activity also showed the increase 
by 4.4 %, Villebrand’s factor – by 102.96 (p<0.05). The 
study of fibrinolytic system showed the following changes: 
prolonged time of XIIa dependent fibrinolysis as much as 4.7 
times (p<0.05), moderate increase of soluble fibrinmonomer 
complexes in ophthalmology as much as 2.53 times (p<0.05), 
antithrombin III content – as much as 1.04 times. Again, 
however, it should be emphasized that a group of patients 
presenting with NEC showed hydrocoagulation consumption of 
prothrombin complex and other plasma factors (II, V, VII, IX, 
XI, XII FF). Furthermore, we feel that heterogenic coagulases 
also indicate to alterations in coagulative homeostasis and 

deep deficiency of IIF, IF and hepatogenic disfibrinogenemia. 
Increased fibrinmonomer complexes aggravate the process 
of fibrin formation. The changes in vascular platelet state 
related to moderate thrombocytopathy with the increase of 
aggregation activity in ADF-test, high rate of endothelioza 
and suppressed fibrinolysis in internal way of activation for 
normal amounts of physiologic anticoagulant of antithrombin 
III. X-ray examinations in patients of this group (29 infants) 
showed that a feature as “free gas” in abdominal cavity occurred 
in 18 cases (65.5 %) (p<0.05), 11 infants (34,5 %) (p<0.05) in 
the presence of perforation of hollow organ do not show “free 
gas” in abdominal cavity. The analysis of X-ray examinations 
of abdominal cavity in patients presenting with NEC allowed 
us to establish the term “fixed pneumoperitoneum”. This term 
allows us to interpret it as a passage of flatus into abdominal 
cavity on the background of inflammatory adhesive-infiltrate 
process. It fixes the gas passage from intestine to interloop 
area in the form of various diameter cavities measuring from 
1-2 cm seen on roentgenogram as festoon picture resembling 
lace. This picture has a definite volume in abdominal cavity, as 
a rule, closely to the necrotic focci or intestinal perforation. On 
repeated X-ray examinations interposition of such cavities does 
not change significantly. The differentiation of the concept of 
“free gas” in abdominal cavity, pneumoperitoneum and “fixed 
pneumoperitoneum” is important as fixed pneumoperitoneum 
is a roentgenologic feature, which allows us to indicate the 
presence of hollow organ perforation having no such a sign as 
“free gas”. 

It is most likely, that free gas in abdominal cavity shows a 
rapid developed destructive process in intestinal wall and 
significant passage of flatus when inflammatory adhesive-
infiltrative process is not so much noticeable to fix it in limited 
interloop areas. It is therefore spread all over abdominal 
cavity, occupies subdiaphragmatic space, and thereby creates 
“tensed pneumoperitoneum”. This feature differs from that 
of pneumatosis – interstitial gas location in intestinal wall as 
in pneumatosis the focal gas vesicles are smaller and more 
localized in the form of chains and connected with intestinal 
wall affected. Roentgenologic manifestations of PNEC (11 
patients) with no “free gas” in abdominal cavity were as 
follows: fixed pneumoperitoneum (“lace of death”) – 8 (72.7 
%) (p<0.05), stable interposition of flatus in abdominal cavity 
when studied in dynamics – 8 (72.7 %) (p<0.05), asymmetry 
of gas filling in abdominal cavity – 6 (54.5 %), lateral canals 
darkening – 3 (27.3 %) (p<0.05), veiling, reduced transparency 
of intestinal loop image -3 (27.3 %) (p<0.05), pneumotosis – 2 
(18.2 %) (p<0.05).

Clinical studies show that the use of water-soluble contrast 
substance (barium sulfate) in newborns is unacceptable due to 
occurrence of severe complications of aspiration, obturation 
and in some cases of perforation character. Water- soluble 
contrast substances applied have been limited due to rapid 
resorption of roentgenographic substances. With the aim of 
roentgen-contrast investigations of GIT in patients suffering 
from NEC starch-contrast mixture (SCM) developed by us has 
been applied which contained water-soluble substances and 
starch. In mature infants SCM has been used in the volume of 
10-15 ml, in premature infants – 5-7 ml. Patients underwent to 
roentgenography in vertical position in 2-3 hours after SCM 
injection. 2 hours later SCM have been measured in distal part of 
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intestine. Of 75 patients presenting with NEC 12 patients (16%) 
(p<0.05) underwent to roentgen-contrast assessment. Eight 
patients showed a delay of SCM evacuation into colon more 
than 3 hours after the injection. However, its concentrations 
as Kloyber’s cup were not observed. And this excluded our 
suspicion for destructive stage of the process and established 
the diagnosis of stage IA NEC. 

Four of 12 infants developed more prolonged failure of 
passage and evacuation of SCM from intestine. However, 
contrast masses have been concentrated as Kloyber’s cup, 
which has been seen on repeated roentgenograms in dynamics 
3 hours later. In these patients, NEC has been confirmed. All 
roentgenologic manifestations of NEC were divided into early 
reversible and late irreversible manifestations. Early reversible 
manifestations are as follows: increased pneumatization, 
developed extension, intestine loop widening, intestine wall 
thickening and straightening, delay of SCM evacuation from 
intestine up to 3 hours. Late irreversible manifestations are as 
follows:  fixed pneumoperitoneum, dackening of lateral canals 
in abdominal cavity, veiling, reduced transparency of intestine 
loops, pneumatosis, free gas presence, disturbed passage and 
presence of static fixed zone of GIT, when studied, using SCM 
a contrast delay  has been observed  more than 3 hours.
Conclusion.

1. In the X-ray examination of NEC patients, the absence of 
"free gas" in the abdominal cavity is not a reliable sign excluding 
perforation of the hollow organ.

2. In newborns with NEC, pneumatosis is usually associated 
with a local infarction of the intestinal wall and areas of 
preperforation and perforation. This phenomenon is usually 
accompanied by symptoms of generalized peritonitis.

3. The detection of symptoms of "fixed pneumoperitoneum" 
is an X–ray sign that allows us to talk about the presence of 
perforation of a hollow organ without such a sign as "free gas", 
which allows us to assess the severity of a CERTAIN patient at 
an early stage and timely adjust treatment.

4. The use of KKS has advantages: simplicity and accessibility 
in use, high diagnostic information content, identification of 
objective findings of NEC in 2-3 hours of research.
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РЕЗЮМЕ
Роль рентгендиагностики некротического 

энтероколита у недоношенных младенцов
Мусаев А.А.
Научно-Исследовательский Институт Педиатрии имени 

К.Я. Фараджевой, Баку, Азербайджан
Введение: Некротический энтероколит (НЭК) – наиболее 

частая неотложная патология новорожденных, всегда 
требующая экстренного оперативного вмешательства 
в случаях перфорации. Активное изучение наиболее 
значимых диагностических факторов на ранних этапах 
заболевания является одной из первых задач неонатологов 
и детских хирургов.

Цель исследования: уточнить возможности 
рентгенологического метода для определения стадии 
некротического энтероколита у недонощенных младенцов.

Материал и методы: проведен анализ обследования 69 
детей в возрасте от 1 суток до 1,5 месяцев с диагнозом 
НЭК. Оценены возможности обзорной рентгенографии и 
применение рентген контрастных методов исследования 
для определения стадии НЭК: при рентгенографии 
применялась крахмал контрастная смесь (ККС).

Результаты: Применение ККС имеет преимущества: 
простота и доступность в использовании, высокая 
диагностическая информативность, выявление 
объективных признаков НЭК за 2- 3 часа исследования, 
позволяет в ранние сроки оценить тяжесть состояния 
больного и своевременно скорректировать лечение. 

Ключевые слова: недонощенные младенцы, 
некротический энтероколит, рентгендиагностика.
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