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Summary

Introduction. Adhesive peritoneal disease (APD) is the most common and formidable complication of abdominal
surgery, which led to adhesive processing occurring in 70 to 90 % of operated patients. It is manifested by late
adhesion intestinal obstruction (LAIO), chronic abdominal pain, constipation and infertility.

The aim of the study was to investigate the levels of hyaluronic acid (HA) and N-peptide collagen type III (N-PC
I11) in serum to determine the course of APD in children.

Material and methods. Serum levels of HA and N-PC type III were determined in 148 children aged 6-17 years (83
boys and 65 girls). I group (main) — 38 patients with APD, LAIO treatment with the use solution of natrii hyaluronas
and decamethoxine, Il comparison group — 35 children with APD, LAIO treatment by traditional methods, 111 group — 45
patients operated on for other acute surgical pathologies of GI tract in which after surgery for 5-10 years no signs
of APD were noted. The control group consisted of 30 children operated on inguinal hernias.

All parents were given informed voluntary written consent to conduct the research. Statistical processing of the
obtained results was performed using Microsoft Office Excel and Statistica 10.0 (StatSoft Inc.).

Results. An increase in HA level in the control, main and comparative groups on the 5th day of postoperative period
was registered by 31,94, 126,96 and 39,60%, respectively, in comparison with the preoperative values; on the 14th day
decrease in HA level was observed in all groups, by 21,24, 32,79 and 25,83%, respectively, in comparison with the 5th day.

Determination of the level of N-PC type Ill in all groups showed an increase in its number on the 5th day,
compared with pre-surgery by 64.62, 57.40 and 79.32 %, respectively. On the 14th day the level was 2 times higher in
the main group and 2.86 times higher in the comparison group, compared with the control indicators. This indicated
the stabilization of connective tissue organization and peritoneal regeneration in the main group and the lack of clear
peritoneal regeneration in the comparison group.

Conclusions.

1. Serum levels of HA and N-PC type Ill may be markers of the onset and development of APD in children.

2. An increase in the level of HA by more than 30%, and N-PC type III by 90 %, compared with control indicators,
a year or more after undergoing surgery for APD, LAIO, may indicate a high risk of recurrence and be used as an
additional prognostic indicator.

3. Intraoperative use of sodium hyaluronate and decamethoxine in abdominal surgery and the use of local

adhesiolysis as anti-adhesive measures help reduce the risk of re-adhesion in children.
Key words: Adhesions; Children; Hyaluronic Acid; N-peptide of Collagen Type III; Treatment.

Introduction

Adhesive peritoneal disease (APD) is the most
common and formidable complication of abdominal
surgery, which led to adhesive process occurring in
70 to 90 % of operated patients. It is manifested by
late adhesion intestinal obstruction (LAIO), chronic
abdominal pain, constipation and infertility [3, 9].

According to studies, operations on LAIO account
for up to 2.4 % of the total number of operations
on organs of abdominal cavity (OAC) [7], and is
60-70 % of all forms of intestinal obstruction [1].
APD can be suspected based on medical history,
symptoms, physical, instrumental examination and
the presence of risk factors. Modern examination
methods should be used to confirm the diagnosis,
identify the location of the obstruction and the
development of complications such as ischemia,
necrosis and perforation of hollow organs [2]. APD
in many patients lead to the development of various
complications that occur months or even many years
after surgery, such as small bowel obstruction,
infertility in women, chronic abdominal pain [5].
The percentage of LAIO development is higher
in pediatric surgery than in adult surgery. For the
treatment of LAIO open and laparoscopic operations
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are proposed [7, 8], as well as the use of various anti-
adhesive agents [11]. There is no need to peritonize
peritoneal defects, because the mesothelium in the
abdomen settles on these defects, is implanted and
prevents the formation of adhesions [4]. Adhesive
intestinal obstruction that develops later than the
third week after surgery is associated with the
transformation of new connective tissue into fibrous
and scar tissue [9].

To date, none of the available anti-adhesive barrier
agents has significantly reduced the incidence of
adhesions [3]. The effect of different blood markers
on the development of APD has not been fully
investigated. Studies of serum protein (I-FABP) and
D-lactate levels in intestinal ischemia have shown
important diagnostic value [10]. The area of this work
is to study the levels of hyaluronic acid (HA) and
N-peptide collagen type III (N-PC III) in the serum of
children with APD, followed by the use of connective
tissue metabolism as additional predictors of APD.

The aim of the study was to investigate the
levels of hyaluronic acid (HA) and N-peptide
collagen type III (N-PC III) in serum to determine
the course of APD in children.



PE3YNbTATU ANCEPTALINHUX TA HAYKOBO-AOCHIAHWUX POBIT / RESULTS THESIS AND SCIENTIFIC - RESEARCH

Material and methods

Serum levels of HA and N-PC III were determined
in 148 children aged 6-17 years (83 boys and 65 girls).
The main group is 38 patients with APD, LAIO with
sodium hyaluronate and decamethoxine (NGD), which
have antimicrobial, antihypoxic, antioxidant effects
in addition, group II (comparison) - 35 children with
APD, LAIO treated by traditional methods, group II - 45
patients operated on for other acute surgical pathologies
of OAC (destructive forms of appendicitis with local
and widespread peritonitis, intussusception, Meckel's
diverticulitis, Hirschsprung's disease, post-traumatic
splenectomy, laparoscopic appendectomy), who did
not show signs of APD within 5-10 years after surgery.
The control group consisted of 30 children operated on
inguinal hernias.

Examinations and treatment of patients were
performed on the basis of the surgical department of
the City Children's Clinical Hospital in Chernivtsi for
the period 2006-2021. Biochemical determinations

of serum HA and N-PC III levels were performed in
the research laboratory of Bukovinian State Medical
University. The study was conducted in accordance
with the principles of the Declaration of Helsinki.
The study protocol was approved by the Local Ethics
Committee of the institution for all participants. All
parents/guardians were required to give informed
written consent to the study.

Exclusion criteria: patients with early adhesive
intestinal obstruction, most often developing against
the background of intestinal paresis peritonitis,
which is sluggish and does not always lead to the
development of APD.

Selection criteria: 73 children from APD, LAIO,
who were hospitalized in a surgical hospital more than
once and were treated conservatively or surgically.
Of the 73 patients, 61 were operated on urgently, 12
underwent surgery for chronic abdominal pain, and were
hospitalized 4 or more times for intestinal obstruction.
Types of surgical interventions are shown in Table 1.

Table 1

Distribution of children with peritoneal adhesive disease with the development of late adhesion

intestinal obstruction, according to the

performed surgical interventions, n

Operative interventions performed Main group Compariflon group
Adhesiolysis 12 13
Adhesiolysis and resection of the small intestine 6 4
Adhesiolysis and removal of the ileostomy 1 1
Elimination of the cause without total adhesiolysis 12 13
Fégrgg}ﬁothogf t?\fe tshr%al??Htse%tiWéthOUt total adhesiolysis and 6 3

Iimipation of the cause without total adhesiolysis and 1 1
ifeostomy
Total 38 35

For biochemical study, blood was collected in an
amount of 5 ml. Blood was taken in accordance with the
generally accepted reservations for venipuncture. Standard
tubes were used for storage. Before centrifugation, we
made sure that the coagulation process was complete.
Samples were free of fibrin or other solid impurities,
cleared of separator, cells and clots, and stored for up to 24
h at 2-8°C. After storage, samples were thoroughly stirred
and checked for air bubbles; to ensure optimal results,
bubbles were removed before analysis. Kits were used to
quantify the content of HA and N-PC type III in vitro in
the serum by immunochemiluminescence assay using a
fully automated chemiluminescent immunoassay series
Maglumi 1000. The analyzer automatically calculated the

concentration of HA and N-PC type III in each sample
based on the calibration curve, which was built by the
method of two-point calibration of the reference curve.

The results of the study were processed using the
statistical package Statistica 10.0 (StatSoft Inc.). To
assess the prognostic value of levels of HA and N-PC
type III in the serum in the development of adhesion
used the method of ROC - analysis (Receiving
Operating Characteristic), which counted for true - and
false positive results by calculating areas under ROC -
curves and «goodness-of-fity.

Research results and their discussion. The
dynamics of serum GC and N-PC type III in groups
of children are shown in the Table 2.

Table 2

The level of hyaluronic acid and N-peptide of collagen type Ill in groups of children before surgery, ng/ml

The level of

: Number of Hyaluronic acid level f
Groups of children i | N-peptide collagen
P children ng/ml [:yge I, ng/m
Control group 30 87.73+4.13 20.72+3.94
; 112.85+7.25 39.5145.71
Main group | 38 p<0.05 p<0.05
i 117.92+8.14 41.74+6.18
Comparison group Il 35 p<0.05 p<0.05
" grouF of children operated on for other acute 91 28%50175 22'21018501
surgical pathologies of PPP (blood for the study 45 B1<o_05 pp1 <0.05
was collected during a routine examination). p2<0.05 p2<0.05

Note: p - the degree of probability of the studied indicators in comparison with the control; p1 - the degree of probability
of the studied indicators in children of the | main group in comparison with children of the Ill group, operated on for other
pathology of the abdominal cavity without signs of APD development; p2 - the degree of probability of the studied indicators
in children of the second comparative group compared with children of the third group, operated on for other pathology of the

abdominal cavity without signs of development of APD
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The initial different concentrations of HA and
N-PC type IIl in the blood serum of patients with signs
of APD were considered as independent predictors
of the development of the adhesion process, using
the methods of ROC analysis. It is established that
the area under the curve for the level of HA is 0.93
+ 0.053(97.5 % confidence interval [> 0.9]) (Fig.
1), and for the level of N-PC type III 0.858 + 0.043
(95% confidence interval [0, 7-0.9]) (Fig.2).

ROC
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Figure 1. ROC-curve on the level of HA in children,

group lil, operated on for other acute surgical
pathologies of OAC, and group Il comparison
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Figure 2. ROC-curve on the level of N-PC Ill in
children, group lll, operated on for other acute
surgical pathologies of OAC, and Il comparative
group

When studying the level of HA in the control,
main and comparative groups, its growth was
noted on the 5th day of the postoperative period,
respectively by 31.94, 126.96 and 39.60% compared
to preoperative indicators (Tabl. 3).

On the 14th day, there was a decrease in the level
of HA in all groups, compared with the 5th day by

Table 3

The level of hyaluronic acid in the serum of operated children on the 5th and 14th day of the
postoperative period, ng/ml

Hyaluronic acid level (ng/ml)
Groups of children Number of children 5t day after surgery 5t day after surgery 14
day after surgery
Control group 30 115.75+5.53 91.17+6.13
256.1246.72 172.15+5.18
Main group 38 p<0.05 p<0.05
p2<0.001
164.62+7.11 122.11£9.92
. p<0.001 p<0.05
Comparison group 35 p1<0.05 p1<0.001
p2<0.05

Note: p - the degree of probability of the studied indicators in comparison with the control; p1 - the degree of probability of the studied
indicators in children of the main group, compared with the comparison group; p2 - the degree of probability of the studied indicators on the

14th day, compared with the 5th day of the postoperative period

21.24,32.79 and 25.83 %, respectively. However, the
level of HA on the 14th day was higher compared to the
control in the main group by 88.82%, in the comparison
group by 33.94 %. The increase in the level of HA
in the control and comparison groups on the 5th day
after surgery is associated with increased processes
of catabolism of connective tissue proteoglycans and
destruction of intercellular substance. The decrease in
serum HA in the serum on the 14th day indicated the

stabilization of connective tissue organization towards
anabolism. The high concentration of HA in the serum
of children of the main group compared to others was
a consequence of the use of the solution which based
on NHD and the ingress of HA from the abdomen into
the blood. When determining the levels of N-PC type
III in all groups there was an increase in its number
on the 5th day compared with pre-surgery by 64.62,
57.40 and 79.32 %, respectively (Tabl. 4).

Table 4

Level of N - serum collagen peptide of operated children on the 5" and 14" day of the postoperative period, ng/ml

Level of N - serum collagen peptide (ng/ml)
Groups of children Number of children 5 day after surgery 5t day after surgery 14t
day after surgery
Control group 30 34.11+4.11 22.09+4.56
62.19+5.98 44.15+5.71
Main group 38 p<0.05 p<0.001
p2<0.05
74.85+7.34 63.18+4.91
; p<0.05 p<0.05
Comparison group 35 p1<0.05 p,<0.05
p,<0.05

Note: : p - the degree of probability of the studied indicators in comparison with the control; p1 - the degree of probability of the studied
indicators in children of the main group, compared with the comparison group; p, - the degree of probability of the studied indicators on the
26 14th day, compared with the 5th day of the postoperative period.
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On the 14" day, there was a decrease in the level of N-PC
type III in all groups: control by 35.24 %, main - 29.01 %
and comparative - 15.59 %, compared with the 5th day.
However, on the 14th day the level was 2 times higher in the
main group and 2.86 times higher in the comparison group,
compared with the control indicators. The level of N-PC type
III was higher by 43.10 % in the comparison group, relative
to the main group. Compared to the preoperative period,
in the comparison group it was higher by 51.37 %, in the
main group by 11.74 %. This indicated the stabilization of
connective tissue organization and peritoneal regeneration in
the main group and the lack of clear peritoneal regeneration
in the comparison group. Thus, the determination of the
levels of HA and N-PC type III in children with APD
are statistically significant and have a high reliability of
comparative indicators in the study groups.

Conclusions

1. Serum levels of HA and N-PC type Il may be
markers of the onset and development of APD in children.

2. Anincrease in the level of HA by more than 30%,
and N-PC type III by 90 %, compared with control
indicators, a year or more after undergoing surgery for
APD, LAIO, may indicate a high risk of recurrence
and be used as an additional prognostic indicator.

3. Intraoperative use of natrii hyaluronate and
decamethoxine in abdominal surgery and the use of
local adhesiolysis as anti-adhesive measures help
reduce the risk of re-adhesion in children.
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BU3HAUYEHHS PIBHIB I'TAJIYPOHOBOI KHCJOTH TA N-IENTUJX KOJTATEHY III-I'O THIIY B CHPOBATII
KPOBI SIK IPEJUKTOPIB PO3BUTKY CIHIAUKOBOI XBOPOBU OYEPEBUHU Y AITEU

0.b. boonap, B.C. Xaujyk

BykoBuHcbkuii nep:xapuuii meauunuii ynisepcurer MO3 Ykpainn
(M. YepHiBui, Ykpaina)

Pe3rome

Beryn. CrnaiikoBa xBopo6a ouepeBunu (CXO) e HaifyacTimuM Ta I'Pi3HAM yCKJIaJAHEHHSM IIiCis omepamiii Ha opraHax
yepeBHOT mopoxxkauHu (OUI), m1o cynpoBoIKyEThCS CIAUKOYTBOPEHHSIM, 110 criocTepiraetbest y 70 — 90 % mpoomnepoBaHUX
xBopuX. [IposBaseThCs Mi3HBOIO CMalikoBOo KUIKOBO0 HempoxigHicTio (IICKH), xporiuauM abmomiHanbHEM 00eM, Xpo-
HIYHUM Ta30BUM 00JieM, 3aKpernaMu Ta 0e3ITiJIsM TOLIO.

Meta gocaigxkenns — jgocuiautu piBHi rianyponosoi xuciotu (I'K) Ta N-mentun xonareny IlI-ro tumy (N-IIK III) B
CHpOBATIi KPOBi AN BU3HaueHHS nepediry CXO y nmiTei.

Marepiaa Ta MeToau gocaigxennsi. Busnadenus pisuiB 'K ta N-TIK III Tuny B cupoBarui kpoBi npoBeneno y 148 mi-
Tel, BikoM 6-17 pokiB, 3 HUX 83 — xsonmuuku Ta 65 — niBuarka. I rpyna (ocHosua) — 38 xBopux 31 CXO, nikysanus [ICKH i3
3aCTOCYBaHHS PO3YMHY HATPIIO TialypoHATy Ta AeKaMeTokcuHy, I rpyma (mopiBusuusa) — 35 miteit 31 CXO, mikyBanus [ICKH
Tpaauuiinumu Metogamu, 111 rpyna — 45 nanieHTiB, onmepoBaHi 3 IPUBOAY IHIIUX FOCTPUX Xipypriunux marosorii OUII, y
SIKUX Hiciis onepanii npotsirom 5-10 poxis He Oynu Binmiveni o3naku CXO. Konrponsny rpyny ckianu 30 gitei, omepoBaHUX
3 MPUBOAY HaXOBHUX TPHIK.

VY Bcix OaTbkiB/OmikyHiB Oyn0 B3sTO iH(pOpPMOBaHY HOOPOBINIBHY 3rofly y HHCHMOBOMY BHUIJISIAI Ha NMPOBEACHHS JOCHTi-
mxeHb. CratucTudHa 06poOKa OTpUMaHUX Pe3yiIbTaTiB BUKOHyBanach y nporpamax Microsoft Office Excel ra Statistica 10.0
(StatSoft Inc.).
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PesyastaTn pocaigkenns. [Ipu BuBuenHi piBHsa 'K y KOHTponbHINH, OCHOBHIN Ta MOPIBHAIBHIH Ipymax BiAMi4eHO HOTO
3pocTaHHA Ha 5-Ty 100y micasonepariiinoro nepioay, Bignosiguo Ha 31,94, 126,96 ta 39,60 %, mopiBHAHO i3 MOKa3HUKAMH
1o omnepauii, Ha 14-ty 100y cnoctepiranu 3umxkeHHs piBus 'K B ycix rpynax, mopiBHsHO 3 5-Toto no6oto Ha 21,24, 32,79 Ta
25,83 % BIAMOBIAHO.

Busnauenns piBaa N-IIK III y Bcix rpymax cympoBOIKyBasocs 30iIbIICHHSIM HOTO KITBKOCTI Ha 5-Ty 100y, HOpPiBHSAHO i3
IOKa3HUKaMu Jio onepauii Ha 64,62, 57,40 ta 79,32 % BignoBigxo. Ha 14-ty no0y piBens OyB B 2 pa3u BUIIUM B OCHOBHIHU rpyi
Ta B 2,86 pa3u y rpyIi NopiBHSIHHS BIJHOCHO 3 ITOKa3HUKAaMH KOHTpoJo. Ile cBigunio mpo crabdinizamito opranizanii cromydHoi
TKaHWHH Ta PETreHEepalilo O4epeBUHU B OCHOBHIN IpyIli Ta BiICYTHICTh YiTKOI pereHepanii O4epeBUHH y TPYIli MOPiBHAHHS.

Bucnosku.

1. Piui I'K ta N-IIK III Tuny y cupoBaTii KpoBi AiTeit MOXYTh OyTH MapkepaMu BUHHKHEHHs Ta po3BUTKYy CXO y miteit.

2. 36inpmenHs piBHsA 'K 6inpmre wixk Ha 30 %, a N-IIK I1I Ty ua 90 %, mopiBHSIHO 3 MOKa3HUKAMH KOHTPOIIIO, Yepe3 pik
Ta Oinpure micias nepenecenoi omnepauii 3 mpusoay CXO ta [ICKH, mMoxe CBiAYUTH NPO BUCOKHH PU3HK PO3BUTKY PELHANUBY
Ta BUKOPUCTOBYBATHCH SIK JJOJATKOBHH NMPOTHOCTUYHHH NMOKA3HUK.

3. IaTpaoneparniiiHe 3acTOCYBaHHS HaTpilO0 TiadypoHATy Ta IE€KaMETOKCHHY IPH ONEpamisix Ha YEepeBHIH MOPOXKHUHI Ta
3aCTOCYBaHHS JIOKAJIBHOIO aJAre3ioii3ucy, sk aHTHAAre3UBHI 3aX0H, CIPHUIIOTh 3MCHIICHHIO PU3UKY OBTOPHOTO CHANKOYT-
BOPEHHS y JiTeH.

Karo4oBi cjioBa: crnaiikosa xBopo6a ouepeBuHy; rianypoHoBa Kicnora; N-mentun xonareny I111-ro Tumy; aiTu; TikyBaHHS.
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