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Aim: to investigate the relationship between different risk factors and the neonatal development of necrotizing enterocolitis (NEC).

Material and methods. A prospective retrospective case-control study of premature infants with suspected of NEC in 2020-2021 was
conducted. A total of 88 cases of preterm neonates with suspected NEC and 30 preterm neonates in the control group were identified and
analyzed. NEC diagnosis was performed in 29 (32.5%) infants. The collected variables included pregnancy- and maternal-related risk factors,
physical developmental indicators of infants, Apgar score, mechanical ventilation, mode and type of delivery, sex of infants. Statistical processing
of indicators was carried out in the Windows SPSS20 system. Differences at p<0.05 were considered reliable.

Results. A relationship between the number of pregnancies and NEC in preterm infants was found. The birth of a newborn from
the 3rd—4th pregnancy increased the risk of NEC development (p=0.001). In babies whose diagnosis of NEC is not confirmed, the height was
38.940.5 sm (min 30, max 47); with a confirmed diagnosis of NEC, it was 41.220.7 cm (min 34, max 48) (p=0.019).

Conclusions. The factors recognized by this case-control study that increased the risk of neonatal NEC contained heterogeneity. There were
no significant differences in terms of other maternal, pregnancy and neonatal risk factors in the development of NEC.

The research was carried out in accordance with the principles of the Declaration of Helsinki. The research protocol was approved by the Ethics
Committee of Azerbaijan Medical University. 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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HekpoTu4HUi1 eHTEePOKONIT Y HEAOHOLIEeHUX AiTein: 3HauyeHHs PpaKTopiB pU3nKy
B AOro pO3BUTKY

I.1. Huseynova, R.O. Baylarov, P.A. Orujova

A3epbanaxaHCbKUin MeauyHUn yHiBepeuTeT, M. baky

MeTa: 10CnianTn 38'A30K MiX PIsHUMY hakTopamm PU3KNKY Ta HEOHATaIbHUM PDO3BUTKOM HEKDOTU3YIOHOrO eHTepokonity (HEK).

Martepian i MmeTogu. Byno npoBeaeHO NPOCNEKTUBHE PETPOCNEKTUBHE AOCIAXEHHS TUMY «BMNAA0K-KOHTPOMb» HEAOHOWEHVX ATel i3
nino3poto Ha HEK y 2020-2021 pokax. BusieneHo Ta npoaHanizaosaHo 88 BuUMNaaKiB HEAOHOLLEHMX HOBOHAPOMXEHVIX i3 Miao3poto Ha HEK
Ta 30 HeooHOLWEeHVX KOHTPONBbHOI rpynn. [iarHoctnky HEK nposeneHo y 29 (32,5%) aitert rpyaHoro Biky. 1o 3i6paHnx 3MmiHHKUX Hanexanu
GakTopu pr3KKy, NOB'A3aHI 3 BariTHICTIO Ta Marepi, NOKagHMKK MI3NYHOro PO3BUTKY HEMOBJIST, OLLIHKY 3a LWKaIO0 Anrap, LWTYYHY BEHTUNFLIIO
nereHb, cnocié Ta TMn nonoris, ctarb HeMoBAAT. CTaTncTu4Hy 06pPOOKY MokasHKKiB NposeaeHo B cuctemi Windows SPSS20. BigMiHHOCTI
npu p<0,05 BBaXanucs HagiNnHUMN.

Pes3ynbratu. BriseneHo 38'a30K Mix KinbkicTio BariTHocTen i HEK y HegoHoweHnx Aitein. HapoaxeHHs HOBOHapOaXXeHoro Bia, 3—4-i BaritTHOCTI
niaguLLysano prank possntky HEK (p=0,001). Y aiten, y aknx He nigTeepaxeHo aiarHos HEK, 3pict ctaHosms 38,9£0,5 cm (min 30, max 47);
3 niaTBEpAXeHUM aiarHo3om HEK — 41,2+0,7 cm (min 34, max 48) (p=0,019).

BucHoBKku. Daktopu, BM3HaHI B LIbOMY AOCAIAKEHH] TUMNY «BMNAA0K-KOHTPOMAb», WO NiABULLYBaIV PU3MK HeoHatansHoro HEK, Mictunm pis-
HOPIAHICTL. He Byno B1SBNEHO CYTTEBMX BIAMIHHOCTEN LLIOAO iHWWX hakTopiB pramky po3suTtky HEK y matepi, BaritHoi Ta HOBOHaPOAKEHOMO.
JlocnipXeHHA BUKOHaHO BIANOBIAHO 0 NPUHLMMIB FenbCiHCbkoi Jeknapauii. Ha npoBeoeHHs O0CHioXeHb OTpMMaHO iHGOPMOBaHy 3roay na-
LieHToK. [MpoTokon gocniaxeHHs yxsaneHnii ETnaHim komitetom AsepbaiiikaHCbkoro MeanyHoro yHiBepeuTeTy.

ABTOPV 3a8BNSHOTb NP0 BIACYTHICTb KOHMNIKTY iIHTEPECIB.

Kntouvosi cnosa: HeJOHOWEHI AIT1, HEKDOTUYHNIA EHTEPOKONIT, PaKTOPU PUSNKY.

Introduction

ecrotizing enterocolitis (NEC) is

a devastating multifactorial disease in

newborns, characterized by intestinal
necrosis in the ileum, jejunum, and colon, with
clinical signs such as abdominal distension, vo-
miting, bloody stool, septic shock, and in severe
cases, signs of disseminated intravascular coagula-
tion [17]. This disease leads to high service costs,
prolonged hospitalization, long-term neurological
(49%) and gastrointestinal (39%) complications
[3,7]. Because the pathogenesis of the disease
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is multifactorial, it is difficult to predict which
infants will develop NEC, as there are very
few clear risk factors associated with NEC and
many suspected risk factors [13]. In addition
to the generally accepted neonatal risk factors
[8,11,12,14] for the development of NEC, such as
prematurity, low birth weight, artificial feeding,
and neonatal infection, there is little informa-
tion about maternal (prenatal) risk factors [10].
The observation of different relationships in dif-
ferent studies is likely due to geographic location,
population diversity, and other environmental
factors [9]. There is no general estimate of the in-
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cidence of NEC worldwide. With the continuous
increase in the survival of premature births, the
risk factors related to NEC should be studied
and used in the preparation of a plan for reducing
the disease and its complications [2]. The identifi-
cation of factors contributing to the development
of NEC can lead to the selection of infants with
risk factors for NEC and the creation of develop-
mental strategies aimed at the prevention and early
treatment of NEC [4].

Taking into consideration the above, we con-
sidered it important to study the relationship be-
tween maternal risk factors, pregnancy-related
pathologies, physical development indicators
and the occurrence of NEC.

All of the above confirms the relevance
of this research work and creates conditions for
conducting research on this basis.

The aim of the study: to investigate the role
of risk factors in the development of neonatal NEC.

Material and methods of the study

The study is based on the results obtained
from the study of the role of maternal risk factors,
somatic diseases, pregnancy-related pathologies,
physical development indicators of the newborn in
the development of the disease in premature new-
borns with initial clinical signs of suspected NEC.

This  prospective-retrospective  case-con-
trol study was conducted at Scientific Research
Institute of Pediatrics named after K. Farajo-
va, Republican Perinatal Center, Baku Medical
Plaza and Maternity hospital No. 5 named af-
ter Shamama Alasgarova (2020-2021). A total
of 118 infants were included in the study. Of
these, 88 were suspected of NEC, and 30 were
healthy. Out of 88 babies, there were 43 girls
and 45 boys, the average gestational age (GA)
was 31.03+2.68 weeks (min 26, max 36),
and the average weight was 1478.3£464.35
(min 800 g, max 2500 g). The average GA of
30 conventionally healthy preterm infants (15
girls and 15 boys) was 34.3£1.97; min 28, max
36 weeks; and the average weight was
2042.6%356.03 g; min 900 g, max 2500 g.

In turn, 88 sick children were divided into two
groups: infants with symptoms of central nervous
system damage along with suspicion of NEC
were in the Group I (n=32), and those without
the damage to central nervous system were in
the Group II (n=56). After confirmation of the
NEC diagnosis, all children were grouped into
subgroups: A — confirmed (IA, n=9; ITA, n=20)

56

and B — unconfirmed (IB, n=23; IIB, n=36)
subgroups according to the confirmation of NEC
diagnosis. The control group consisted of 30
premature infants without NEC.

The diagnosis of NEC was confirmed based on
clinical, laboratory (blood cell count, C-reactive
protein, stool test) and instrumental (abdominal
X-ray and abdominal ultrasonography) indica-
tors. The primary clinical symptoms of NEC in all
patients are abdominal distention with foam,
food intolerance, emesis, vomiting (mainly with
bile), blood in stool, apnea and other signs.

Exclusion criteria in the study:

— congenital and chromosomal anomalies;

— infants without suspicion of NEC during the
first 3 weeks.

The maternal and child risk factors (in vitro fer-
tilization — IVF cases; the presence of preeclamp-
sia and anemia during pregnancy, the number
of pregnancies, GA, Apgar scores, CPAP (conti-
nuous positive airway pressure) therapy cases ap-
plied in the early neonatal period were studied. In
addition, physical development indicators of the
children (weight, height, head circumference,
chest circumference) were measured. The weight
of the children was measured by a hanging scale,
height — in the supine position with a recumbent
baby length scale.

Statistical processing of indicators was carried
out in the Windows SPSS20 system. The arithmetic
average indicators (based on all the quantitative
indicators we received — mean (average indicator);
SD — how much the indicators differ from
the mean squared difference and minimum,
maximum indicators are given (Mean+SD). The
Chi-Square (y2) table was used for descriptive
evaluation of quality indicators. The odds ratio
(OR) with 95% confidence interval (CI) was also
calculated by univariate (one variable) analysis
and p<0.05 was considered statistically significant.

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

Results of the study

The data related to risk factors with the
development of neonatal NEC was analyzed.
The relationship between in vitro fertilization
cases; the presence of preeclampsia and anemia
during pregnancy, GA, Apgar scores, and CPAP
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The relationship of risk factors with the development of ne onatal_ NE_C fable 1
Groupligon | rouplfoo,) | UnivanateoR T p

Test-tube baby (IVF) L\Ieos 227((2205;/3) ?(g(?‘;f)) 0.8(0.15-3.8) 0.725
0, 0,

Sex Fg/lni:e 11l5((2i51/§/2) 421&5(%59/:/3)) 0.9(0.41-2.2) 0.913
0, 0,

Preeclampsia sei 5?2(122;;)) 1:8(%?6/;2) 0.818 (0.21-3.2) 0.771

[0) [0)

Anemia sez 290((22;'71%/0)) 22 gig;g; 1.09(0.44-2.7) 0.852

The number of pregnancies ;:i E Eigizﬁ;; ?é Eigg;ﬁ; 4.5(1.7-1.4) 0.001

Gestational age zgj xzziz 22((158?10/02) 262 ((3?_'552)) 2.4(0.8-7.7) 0.12

Apgar score in the 1stmin Zigc?ii:tt E EZS?;;; 28 E;g?gﬁ; 0.72 (0.31-1.68) 0.458

Apgar score in 5t min zg gg:gi 118((5;5(;2; g; Eggi(;z)) 1.86 (0.76—4.54) 0.169

CPAP therapy \’/\Ieos 1;7(2:;1:/(2) 3209((7??:2) 0.68 (0.28-1.68) 0.403

therapy applied in the early neonatal period
and the development of NEC was investigated
and reflected in Table 1.

In the Group with confirmed NEC, newborns
from the 1st and 2nd pregnancies accounted
for 48.1%, and newborns from the 3rd—4th pregnan-
cies — 51.9% (the expected count is 7.4, but the
actual count is 14, which is related to crosstabula-
tion) (x2=11.0; p=0.001). Thus, 5 children (18.5%)
in the Subgroup TA (expected count is — 2.9)
and 7 children (8.4%) (expected count — 9.1)
in the Subgroup IB were born from the 4th preg-
nancy (y2=11.20; p=0.082).

The frequency of test-tube babies was more
common in the Group II (n=9; 16.1%), while
in the Group I only one baby (3.1%) was a test-
tube baby (%2=8.125, p=0.017). However, the
relationship between confirmation of the NEC
diagnosis and NEC outcome (surgery or death)
and test-tube infants was not noted.

Literature data assessing the relationship
between maternal preeclampsia and the devel-
opment of neonatal NEC are controversial [11].
L. Perger [15] and others in their study considered
maternal preeclampsia as an independent risk fac-
tor in the development of NEC in some subgroups,
while in other study, it was shown that there
is a negative relationship between NEC and
preeclampsia (PE) [1]. In our study, there was
no relationship between groups and subgroups
with the presence of PE and anemia during preg-
nancy. In particular, since these pathologies are
more common in pregnant women and cause fe-

tal hypoxia, these pathologies were investigated
and the results are given in the Table 1.

There was no difference between Group I
and Group II in maternal somatic diseases. There
were: coagulation disorder — 1 (3.1%), hypo-
thyroidism — 1 (3.1%) in the mothers of babies
from Group I; in the Group IT — 1 hypothyroidism
(1.8%); HELLP syndrome was noted in 1 (1.8%),
cardiovascular diseases in 2 (3.6%) (y2=7.18;
p=0.304).

The literature data on type of deli-
very — vaginal or by caesarean section
is controversial. In our study, according to the
study of Yan Su et al. [17], no relationship was
found between vaginal or cesarean delivery and the
development of NEC. Thus, 24 (75%) in the Group
I, and 42 (75%) in the Group II were delivered
by caesarean section (y2=0.88, p=0.64). There
was no relationship between the type of delivery
and the confirmation of NEC diagnosis, as well
as the results of NEC.

Among the indicators of physical development
of the newborn, especially low birth weight is con-
sidered an important prognostic factor of NEC.
In studies, more intrauterine growth retardation
and low birth weight were considered risk factors
for developing NEC [11].

Since the odds ratio of birth weight as a
prognostic factor of NEC varies between 0.999
and 1.001, its relationship with NEC has been
controversial [16]. In our study, the birth weight,
height, head and chest circumference of all new-
borns were measured in the delivery room, and the
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Table 2
The comparison of physical development indicators of infants within groups
95% Confidence
Indicators Groups Mean |, e?it:t.i on grtrc(’) . In:s;‘l’:: for tI:jepI'\)lI:fn Minimum | Maximum
Bound Bound
Weight Group | 1391.87 417.98 73.89 1241.17 1542.57 800.00 2200.00
Group |l 1527.76 485.55 64.88 | 1897.73 1657.80 800.00 2500.00
Height Group | 39.21 3.53 0.62 37.94 40.49 32.00 47.00
Group Il 39.93 4.34 0.58 38.77 41.10 30.00 48.00
Head circumference Group | 27.64 2.59 0.45 26.70 28.57 20.00 31.00
Group |l 28.16 2.86 0.38 27.39 28.92 22.00 34.00
Chest circumference Group | 25.93 2.27 0.40 2511 26.75 22.00 30.00
Group |l 26.28 2.84 0.38 25.52 27.04 20.00 32.00

comparison of the indicators by groups is given
in the Table 2.

Indicators were not statistically different be-
tween the Group I and Group II.

In 88 infants suspected of NEC, when physical
development indicators were compared according
to the confirmation of the diagnosis, a statistical
difference was noted only according to the height
indicator. In babies whose diagnosis of NEC is not
confirmed, the height was 38.9+0.5 cm (min 30,
max 47); with confirmed diagnosis of NEC, it was
41.220.7 cm (min 34, max 48) (p=0.019). Con-
sidering that height, especially intrauterine deve-
lopment, is affected by various factors in the ear-
ly fetal period of pregnancy, it is seen that there is
no relationship between the progress of this period
of pregnancy and NEC in these babies.

Although maternal hypertension is not sta-
tistically significant in the risk of neonatal NEC,
children of these mothers had 2 times more cases
of NEC. In our case, the statistical accuracy of
height in the development of NEC suggests that
this disease is more likely to be related to patho-
logies associated with the last trimester of preg-
nancy. Thus, in our study, the height of babies di-
agnosed with NEC is greater in Subgroup IA than
Subgroup IB, and it is related to the normal course
of fetal development in the 2nd trimester of preg-
nancy. The impact of these pathological factors
mostly coincided with the 3rd trimester of preg-
nancy and caused premature birth.

No statistical difference was noted between
groups and subgroups according to GA. Thus,
GA was 30.7£0.48 weeks (min 26, max 36) in
the Group I, and 31.2+2.66 weeks (min 26,
max 35) in the Group II, in the Subgroup
IA — 30.67+3.2 weeks (min 26, max 35); and
in the Subgroup IB 30.74+2.6 weeks (min 27,
max 36); 31.4+3.0 weeks (min 26, max 35)
in the Subgroup IIA; in the Subgroup IIB it
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was 31.1£2.47 weeks (min 26, max 35) (p>0.05).
The non-significance of a statistical difference
in GA between subgroups was due to the fact that
our groups were matched by weight and GA, as we
wanted to reduce sampling errors, and other fac-
tors were our research objective.

Discussion

The condition of newborns in the early neo-
natal period is often formed depending on intra-
uterine developmental status. Also, adaptation
disorders during this period can lead to NEC by
causing intestinal ischemia. From this point of view,
it is interesting to study the role of pathologies en-
countered in the early neonatal period in the deve-
lopment of NEC. First of all, when the baby is born,
the baby's condition is assessed with the Apgar
scale in the delivery room. Although the indicators
of the assessment with the Apgar scale do not have
prognostic significance, they dictate the necessary
action plan by reflecting the current condition
of the baby.

Although the infants of the control group
were statistically significantly different from other
groups according to Apgar scale scores (p=0.001),
there was no statistically significant difference
between the main and comparison groups. At the
same time, 11 (37.9%) babies were diagnosed with
NEC, the assessment with Apgar score in the {st
minute was 4—5 points (x2=6.206, p=0.102), and in
15 (55.7%), in the 5th minute it was estimated at
6—7 points (x2=5.7; p=0.126). Low Apgar scores at
the 5th minute indicate the presence of early adap-
tation disorders of the baby and reflect the disorder
of compensatory mechanisms. The results of our
study deny the prognostic value of the Apgar score
in the delivery room in confirming the diagnosis
of NEC. The presence of hypoxia in these infants
raised the suspicion of NEC due to general clinical
signs in the early neonatal period.
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There was no statistical difference between
the groups according to the sex of the newborn.
In the control and main groups, girls and boys had
the same frequency, and in the comparison group,
there were 29 (51.8%) boys, 27 (49.2%) girls
(2=0.012; p=0.913). A number of studies have also
shown no relationship between the sex of the new-
born and NEC [6].

Since 28 (87.5%) infants had signs of respirato-
ry distress, CPAP therapy and mechanical ventila-
tion were performed. The need for respiratory sup-
port in infants is associated with prematurity and
surfactant deficiency. In our study, there was no
statistically significant difference between CPAP
therapy and the development of NEC (Table 1).

Study limitations. We could not com-
pare the stages of the disease according to the
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NEC, especially in cases where previous pregnan-
cies ended in miscarriages, the number of current
pregnancies did not correspond to the number of
births, and in cases of complications of previous
pregnancies. The research work has been informa-
tive for the diagnosis of NEC in low birth weight
and very low birth weight children by demonstrat-
ing predictive performance in assessing risk factors,
increasing the scope of early clinical interventions,
improving survival and the quality of life of chil-
dren affected by the disease, reducing the pro-
longed course of the disease and hospital costs.

1. Ahle M, Drott P, Elfvin A et al. (2018). Maternal,
fetal and perinatal factors associated with
necrotizing enterocolitis in Sweden. A national case-control
study. 13(3): 0194352.

2. Alsaied A, Islam N, Thalib L. (2020). Global incidence of Nec-
rotizing Enterocolitis: a systematic review and Meta-analysis.
BMC Pediatr. 20(1): 344.

3. Arnold M, Moore SW, Sidler D etal. (2010). Long-term outcome
of surgically managed necrotizing enterocolitis in a developing
country. Pediatric Surgery International. 26(4): 355-360.

4. BerkhoutDJC, Klaassen P, Niemarkt HJ et al. (2018). Risk Fac-
tors for Necrotizing Enterocolitis: A Prospective Multicenter
Case-Control Study Subject Area: Women's and Children's
Health. Neonatology. 114(3): 277-284.

5. Cho H, Lee EH, Lee KS, Heo JS. (2022). Machine learn-
ing-based risk factor analysis of necrotizing enterocolitis in
very low birth weight infants. Scientific Reports. 12(1): 21407.

6. Feng B, ZhangZ, Wei Q, MoY et al. (2023). A prediction model
for neonatal necrotizing enterocolitis in preterm and very low
birth weight infants. Front Pediatr. 11: 1242978.

7. Fullerton BS, Hong CR, Velazco CS, Mercier CE, Morrow KA,
Edwards EM et al. (2017, Oct). Severe neurodevelopmental
disability and healthcare needs among survivors of medical
and surgical necrotizing enterocolitis: A prospective cohort
study. J Pediatr Surg. 12: S0022-3468(17)30651-6. Epub
ahead of print. doi: 10.1016/j.jpedsurg.2017.10.029. PMID:
29079317.

8. Gephart SM, Jacqueline MM, Effken JA. (2012). Necrotizing
Enterocolitis Risk. Adv Neonatal Care. 12(2): 77-89.

9. Gitau K, Ochieng R, Limbe M, Kathomi C, Orwa J. (2023,

Dec). The incidence and modifiable risk factors for necrotizing
enterocolitis in preterm infants: a retrospective cohort
study. J Matern Fetal Neonatal Med. 36(2): 2253351. doi:
10.1080/14767058.2023.2253351. PMID: 37648650.

10. Lee JY, Park KH, Kim A et al. (2017). Maternal and Placental
Risk Factors for Developing Necrotizing Enterocolitis in Very
Preterm Infants Pediatrics & Neonatology. 58(1): 57-62.

11. March MI, Gupta M, Modest AM. (2015). Maternal Risk Factors
for Neonatal Necrotizing Enterocolitis. J Matern Fetal Neonatal
Med. 28(11): 1285-1290.

12. Markel TA, Engelstad H, Poindexter BB. (2014). Predicting
Disease Severity of Necrotizing Enterocolitis: How to Identify
Infants for Future Novel Therapies. J Clin Neonatol. 3(1): 1-9.

13. Neu J, Walker WA. (2011). Necrotizing Enterocolitis. N Engl J
Med. 364(3): 255-264.

14. Patel S, Dammann O, Martin CR et al. (2011). Presumed and
definite bacteremia in extremely low gestational age newborns.
Acta Paediatr. 100(1): 36-41.

15. Perger L, Komidar L, Mukhopadhyay D et al. (2016). Maternal
pre-eclampsia as a risk factor for necrotizing enterocolitis. J
Matern Fetal Neonatal Med. 29(13): 2098-2103.

16. Samuels N, van de Graaf RA, de Jonge RCJ et al. (2017). Risk
factors for necrotizing enterocolitis in neonates: a systematic
review of prognostic studies. BMC Pediatr. 17(1): 105.

17. Su Y, Xu RH, Guo LY, Chen XQ, Han WX, Ma JJ et al. (2023.
Jan 6). Risk factors for necrotizing enterocolitis in neonates:
A meta-analysis. Front Pediatr. 10: 1079894. doi: 10.3389/
fped.2022.1079894. PMID: 36683790; PMCID: PMC9853297.

Binomocri npo aBropis:

Huseynova llaha ligar — ron. nabopanTka | kad. auTaymx xBopob A3epbainxaHCbkoro Megu4Horo yHisepcutety. Agpeca: AsepbarigxaH, M. baky, Byn. racumsage, 14.

https://orcid.org/0009-0006-4317-8134.

Baylarov Rauf Oruj — a.mea.H., npod., 3aB. | kad. anTaymx xeopob AsepbaiigxaHCbkoro MeauyHoro yHisepeuteTy. Aapeca: AsepbaiaxaH, M. baky, Byn. lacumsage, 14.

https://orcid.org/0000-0002-5382-7429.

Orujova Pusta Ali — g.dinoc., acuctentka Il kad. antaumnx xsopod AsepbainxaHCbkoro MeANYHOMO yHiBepcuTeTy. Anpeca: Asepbaiaxar, M. baky, Byn. lacumsaaae, 14.

https://orcid.org/0000-0002-9159-2915.
CrartTa Hagjnwna no pepakuii 29.06.2024 p., npuitHata go apyky 09.09.2024 p.

ISSN 2663-7553 Cyuacna nexniatpisa. Yxpaina 5(141)/2024

59



