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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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PROGNOSTIC MODEL OF POSTOPERATIVE ADHESIVE INTESTINAL OBSRUCTION
RISK IN CHILDREN

Melnychenko MH, Kvashnina AA, Sytnikova VA, Eliy LB, Aplevich VM.

The Odessa National Medical University, Odessa, Ukraine.

Abstract.

Objective: to develop a prognostic model of the postoperative
adhesive intestinal obstruction risk in children by the use of
multivariate statistics.

Materials and methods: To create a model for the prediction
of the postoperative adhesive intestinal obstruction by using the
method of binary logistic regression, a retrospective analysis of
the features of the acute inflammatory disease of the abdominal
cavity organs and treatment strategy in 119 children.

Results: The level of significance of clinical and anamnestic
signs in children with appendicular peritonitis and the
postoperative adhesive intestinal obstruction was determined
using Pearson’s test y?. The main factors (leukopenia at
hospitalization) (p=0.033) pronounced stigmatization with signs
of connective tissue dysplasia (p=0.013) and duration of surgery
(p=0.0002) were highlighted, which indicate the postoperative
adhesive intestinal obstruction risk. The logistic regression
method was used to create a prognostic model for calculating
the postoperative adhesive intestinal obstruction risk, which
was assessed as “very good” by ROC analysis (test sensitivity —
77%:; specificity — 72%): AUC = 0.796.

Conclusions: The application of the proposed prognostic
model of the postoperative adhesive intestinal obstruction risk
in children with acute inflammatory diseases of the abdominal
organs allows to make decision as for the extent of surgery and
optimization of treatment strategy at all stages of rendering care.

Key words. Prognostic model, risk, postoperative adhesive
intestinal obstruction, children.

Introduction.

Determining the risk of intra-abdominal adhesions in children
with acute abdominal pathology helps to optimize the treatment
of such patients and prevent the development of postoperative
adhesive intestinal obstruction (PAIO), which occurs in 62%
of cases [1-4]. Since peritoneal adhesiogenesis is multifactorial,
the use of individual clinical and anamnestic factors or
their set without considering the total effect for a concrete
patient does not allow to reliably predict the development of
adhesions [2,5,6]. The best way to diagnose the PAIO risk in
children, in our opinion, is to develop a prognostic model by
using multivariate statistics to identify the mutual influence of
predictors to optimize preventive measures.

Materials and methods.

To create a method for predicting PAIO by the way of the binary
logistic regression, a retrospective analysis of the clinical course
of acute inflammatory disease of the abdominal organs (AO)
and treatment strategy was performed in 119 children who were
treated at the surgical departments of the Regional Children’s
Clinical Hospital in Odessa. The first group (A) consisted of
59 children with adhesive intestinal obstruction (AIO) occurred
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after surgical treatment of appendicular peritonitis (AP). The
second group (B) included 60 children with AP who had no
signs of AIO during the postoperative follow-up period.

To determine the logistic regression parameters, the selection
of predictors with the known AIO in both groups of children
was conducted. The logistic function looks like this:

1
@ =13
Z(xj =IGI} +E1x1+"'+ﬁnxn

where: f—gets the value between 0 u 1; 0, . . ., fn — logistic
regression parameters. x,, . . ., X, — signs determination.

This equation allows us to estimate the probability of the event
(in our case PAIO) in each study participant with an individual
set of predictors. For significant assessment of the diagnostic
test, the area under the characteristic curve (AUC) is determined,
which reflects the optimal value of sensitivity and specificity of
each feature [7-10]. Statistical processing of the study results
was performed using MedCalc 9.03 packages: Statistica 8.0 and
SPSS 11.01.

Results.

The first step in creating a diagnostic model was to identify
statistically significant factors having influence on the PAIO risk.
With this purpose, we analyzed the diagnostic value of 47 signs,
which were considered by potential predictors: demographic
and individual factors of the patient, clinical and anamnestic
signs, laboratory parameters, intraoperative data and extent of
surgery, features of the postoperative period course, the presence
and severity of undifferentiated connective tissue dysplasia
(UCTD). In addition, the acetylation genotype was studied
by determining point mutations in the N-acetyltransferase 2
(NAT2) gene using polymerase chain reaction and restriction
fragment length analysis. The list of features that were analyzed
is shown in table 1.

Relevant features were identified by filtering low-frequency
features. In our case, the features that in 90% or more cases take
the same value were excluded, because they do not improve the
prognostic ability of the model. At that stage, 12 binary features
were excluded.

The next step for the remained signs a statistical significance
to assess the risk of PAIO by using Pearson's criterion y? and
ANOVA variance analysis was calculated. Empirically, the
features with the lowest p-value were selected to create a
logistic model. Simultaneously the factors were identified that
demonstrated a statistically significant relationship with the
PAIO development: leukopenia at the time of hospitalization
(p = 0.033), pronounced stigmatization of NCTD signs (p =
0.013), duration of surgery (p = 0.0002).

106



Table 1. Potential predictors of the adhesive intestinal obstruction risk.

age, sex; place of residence (city/countryside); belonging to socially and economically disadvantaged groups;

Demographic/ individual
anamnesis

Clinical and anamnestic
signs

Laboratory indicators

Intraoperative data and

scope of intervention . . .
duration of intervention.

Features of the
postoperative
period

Table 2. Logistic Regression Equation Predictors.

Predictors

NAT?2 acetylation genotype; presence and degree of NCTD; functional disorders of the digestive tract in the

The duration of the disease at the time of treatment; general condition at hospitalization; degree of exsiccosis;
localization and nature of pain, defense, peritoneal signs; the nature of vomiting; violation of defecation and gas
discharge; fever; rectal examination data.

The presence of hyperleukocytosis; the presence of leukopenia; total number of leukocytes, leukocyte shift;
hematocrit; C-reactive protein; fibrinogen; dyselectrolytemia; acid-base condition; serum glucose.

Type of operational access; type of peritonitis; position of the appendix; the presence and nature of effusion; the
presence of fibrin in the abdominal cavity; technical difficulties; omentectomy; intestinal deserosation; drainage;

The presence of complications (intra-abdominal / from the wound); relaparotomy; restoration of peristalsis /
independent defecation; removal of nasogastric probe; the beginning of enteral nutrition (a day); prokinetics
stimulation; duration of stay at the intensive care unit and inpatient treatment

P Coefficient

X, pronounced stigmas of NCTD 1.031
X, midline laparotomy 0.710
X, leukopenia at hospitalization 0.697
X, intra-abdominal complications at the early postoperative period 0.475
X, duration of intervention, min 0.027
X, local unrestricted peritonitis -0.516
X, no vomiting -0.755
X, medial position of the appendix -1.004

According to the results of the analysis, surgical treatment
of peritonitis is one of the most important risk factors for
adhesions. The performance of omentectomy and the total
intervention time are the factors that showed the lowest p-value,
and accordingly have a significant impact on the postoperative
adhesion process. In particular, among children with AIO,
omentectomy was performed in 21 (35.6%) cases, in group B
in 41 (68.3%) cases. Pearson’s criterion y* is 12.78; p<0.001.
These indicators also correlate with our observations as for
intraoperative data in the surgical treatment of AIO, because in
a significant number of cases the cause of obstruction is joints
involving a strand of a large omentum or the omentum itself,
soldered to the postoperative scar. In addition, omentitis, intra-
abdominal infiltrates and omental abscesses are the main causes
of relaparotomy at the early postoperative period of peritonitis
treatment in children, which are independent predictors of
excessive adhesions risk.

The duration of surgery has a significant impact on the PAIO
risk. For children from the main group, this figure averaged
(77.7 £ 23.99) minutes, in the control group — (64.0 £ 13.74)
minutes. It should be noted that this indicator is integral and
depends, for example, both on the experience of the surgeon and
the clinical situation, including the location of the inflammatory
focus, technical difficulties, the occurrence of intraoperative
complications, the spreading of intra-abdominal inflammation
etc.

The last step is to analyze all possible combinations of selected
features. For each combination, logistic regression was studied
and evaluated by cross-checking using AUC ROC analysis,
as this indicator reflects the combination of sensitivity and
specificity of the proposed predicting model [8-10].
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The obtained logistic regression equation includes 8 predictors
and corresponding coefficients (Table 2).

The value of the free member of the equation 0 was (-1.5193).

So, a probability of PAIO development, namely the value (z)
in the logistic regression equation is calculated as follows:

z(x) =-1.5193+1.031x7+0.810x2+0.697x3+... —1.004x8

As this formula demonstrates, the negative value of the
coefficient means the protective effect of the sign on PAIO
development. Calculation of the PAIO developing probability
— f{z) according to this formula, classifies the child’s belonging
to the PAIO risk group. With the purpose of automatical
calculation of this indicator using the mathematical or statistical
analysis program, we have created an appropriate algorithm in
Microsoft Office Excel.

The quality assessment of the prognostic model was performed
by cross-checking using AUC ROC-analysis. Figure 1 shows
the characteristic curve by values f(z). The optimal dividing

point corresponds to the value 0.0.
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Figure.1. Characteristic curve of the prognostic model ROC-analysis
(Sp =77%, Se = 72%,).
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Figure. 2. Example of calculating the PAIO risk using MO Excel.

If the patient has f(z) > 0.5, the model is considered positive
for the risk of PAIO developing according to certain predictors.
The area under the ROC curve was AUC 0.796, which indicated
a “very good” operation of the prognostic model.

The prognostic specificity of this model is (Sp) = 77%,
sensitivity (Se) = 72%. The probability of intraperitoneal
adhesions is 72% (test sensitivity). The statistical estimation of
the area under the ROC curve is quite high (p = 0.0001), so
developed on the basis of the logistic regression, the proposed
model can be used to prognosis of the PAIO risk in children
with acute inflammatory diseases and choice of an adequate
treatment strategy.

Here is an example of calculating the PAIO risk developing in
a child T. of 7 years old with appendicular peritonitis (Medical
card No 90548. Postoperative diagnosis: Gangrenous-perforated
appendicitis, widespread peritonitis) based on the results of
entering the values of the corresponding predictors in Figure 2.

According to the calculations of the logistic regression
equation, the child belongs to the PAIO risk group, because
f(z) = 0.5773, i.e., f(z) is closure to 1. In 11 months after the
initial intervention, the child was hospitalized with signs of
acute intestinal obstruction. During the operation, an extensive
adhesion process in the abdominal cavity, multiple viscero-
parietal and viscero-visceral adhesions with the formation of
“double-barrels” were determined. Obstruction was caused by
a cord-like adhesion between the loop of the small intestine and
the anterior abdominal wall, which caused strangulation of the
adjacent loop of the intestine.

So, the prognostic model of the PAIO risk by logistic
regression showed a good result, and the predictor that showed
the greatest connection with the development of AIO is the
duration of abdominal surgery. The application of the proposed
prognostic model of the PAIO risk by logistic regression
method of selected signs at the stage of clinical history and
intraoperative data allowed to make a decision as for the extent
of surgical treatment and postoperative management in children
with appendicular peritonitis.

© GMN

Discussion.

Abdominal operations in children cause postoperative AIO in
the unpleasantly high part of cases, with variations depending
on the type of initial operation and its clinical peculiarities.
According to the modern concept of adhesions pathogenesis
development, intraperitoneal inflammation plays an important
role in this process [1,2,5]. This correlates with our data [11],
indicating that peritonitis is the key condition followed by
adhesions formation. It is important to consider as many aspects
and variables as feasible to develop clinically relevant and
practical predictors. In the present study, we first developed a
logistic regression model for adhesive small bowel obstruction
prognosis based on the data of a retrospective cohort of 119
pediatric patients.

We also identified, for the first time, the impact of several
variables on the possibility of postoperative adhesive intestinal
obstruction in patients with appendicular peritonitis using a
logistic regression ROC-analysis. These data delineate several
key risk factors, associated with adhesions-related sequelae
such as type of peritonitis, time spent for the first intervention,
incision type, signs of connective tissue dysplasia, leucopenia
at the admission, intraabdominal postoperative complications.
The absence of vomiting and typical position of the appendix
have shown a protective impact.

Understanding which features of operations carry a greater
risk of subsequent PAIO will be helpful to prevent acute
intestinal obstruction events, as readmission or further surgical
interventions. Moreover, our predictive model provides a useful
tool for detecting the group of patients that has high chances
for adhesion formation and respectively require preventive
strategies application on every stage of treatment. The specificity
and sensitivity of the developed predictive model account for 77
% and 72 % respectively.

The follow-up evaluation showed that patients who belong to
the adhesive obstruction risk group had a considerably higher
rate of readmission and requirement for surgical treatment.
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Moreover, this cohort of patients has an advanced intraabdominal
adhesive process. Our experiences support the active preventive
measures in high-risk patients using intraoperative prophylaxis
and enhanced recovery after surgery.

Conclusion.

1. Retrospective analysis of 119 case histories determined
the level of significance of potential predictors (demographic
and individual patient factors, clinical and anamnestic features,
laboratory parameters, intraoperative data and volume of
surgery, features of the postoperative period course) in children
with appendicular peritonitis and PAIO by Pearson's criterion
¥>. The main factors (leukopenia at hospitalization) (p = 0.033)
pronounced stigmatization with signs of connective tissue
dysplasia (p = 0.013) and duration of surgery (p = 0.0002)
indicated the possibility of the PAIO risk.

2. The method of logistic regression created a prognostic
model for calculating the risk of PAIO, which ROC-analysis
(test sensitivity — 77%; specificity — 72%) was assessed as “very
good”: AUC = 0.796.

3. The proposed prognostic model of the PAIO risk in children
with acute inflammatory diseases of the abdominal cavity can
be used to optimize treatment strategy at all stages of medical
care.
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MPOTHOCTUYECKAS PUCKA
MOCJEONEPALIMOHHOM’ CHAEYHOH
HEITPOXOJUMOCTH KUIIIEYHUKA Y TETEA
Meabauvyenko MI, KBammnuna AA, CutHukoBa BA. Dumnii
Jlapuca bopucosna, Aniesna BM.

MO/IEJIb

Ooecckull  HAYUOHAbHLIL — MEOUYUHCKUL — VHUBEpCumen,
Ooecca, Ykpauna

Pe3iome.

Heanb: pa3paboTka TPOTHOCTUYECKOW MOIEIN  pHCKa

MI0CJIEONEPALMOHHON CIAEYHON HEMPOXOAUMOCTH KHUILIEYHUKA
(IICHK) y pmereli myTeM WCHONB30BaHHUS MHOTOMEPHOM
CTAaTHCTHKH.

Marepuanbsl u  meroabl. [l co3maHus  MOJAENH
mporaosupoBarns [ICHK myrem wucmonb30BaHUs MeTonaa
OMHapHON  JIOTHCTHYECKOH perpeccnd ObUT  TpOBelIeH
PETPOCIIEKTUBHBIN aHaNMM3 OCOOEHHOCTEW TEUCHHS OCTPHIX
BOCTIAJINTEIBHBIX 3a00JIEBaHII OPTaHOB OPIOIIHO MOJIOCTH U
JeyeOHou TakTUKN y 119 meteid.

Pe3yabTatsl. bein onpeneneH ypoBeHb 3HAUMMOCTH KIIMHAKO-
aHAMHECTHYECKNX NPU3HAKOB y JETEH ¢ aneHIUKYIIPHUM
meputorntoM u [ICHK, wucmonms3ys xpurepuit [lupcona
y*. Bbimenens! ocHOBHBIC (DAKTOPHI  (JIEHKOTIEHHUS TIPH
rocuranm3anud (p = 0,033), BeIpakeHHAs CTUTMaTH3ALUS
MIPU3HAKOB COCIAMHUTENbHOTKaHHONW auciuiazun (p = 0,013)
U TIPOAOJDKHUTENBHOCTh ONEPATUBHOTO BMEIIATENbCTBA (P
= 0,0002)), yxassBatorme Ha Bo3MOkHOCTh prcka [TCHK.
MeTo10M JTOTUCTHYECKON PErPECCHH CO31aHa IIPOTHOCTHYECKAs
Monenb ans pacdera pucka [ICHK, kotopas ROC-anamm3om
(ayBcTBHTENBHOCTE TecTa — 77%; crnemuduaHocTs - 72%)
olleHUBaeTcs Kak «odeHs xopomas»: AUC = 0,796.

BeiBoabl. IlpuMeHeHHE NPENOKEHHOM NPOTHOCTHYECKOM
monenn pucka [ICHK y mereit ¢ ocTpbIMH BOCTIaTHTEIEHBIMA
3a00JICBaHUSAMH OPTaHOB OPIOIIHOM ITOJIOCTH MTO3BOJISIET CKOpee
MIPUHATE PEIICHHE OTHOCHTENIFHO 00BEMa XHPYpPrHIECKOTO
JICYCHNS W ONTHUMHU3AIMK Je4eOHON TaKTUKM Ha BCEX 3Tamax
OKa3aHHs TOMOIIIH.

KnaioueBble ci0Ba: MNPOTHOCTHYECKAs MOJENb, PHCK,
TIOCIIEOTIEPAIOHHAsT CTIacyHasi HETPOXOJIUMOCTh KHIICYHHKA,
JETH.
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