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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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1. Articles must be provided with a double copy, in English or Russian languages and typed or
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http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Objective: An incisional hernia is a common postoperative
complication following abdominal surgery, influenced by various
contributing factors, including the patient's comorbidities and
the surgical technique used. The role of perioperative anemia
in the development of incisional hernia remains insufficiently
studied. The aim of the study is to determine the role of anemia
in the manifestation of incisional hernia.

Materials and Methods: The study included patients who
underwent either elective or emergency abdominal surgery.
Postoperative follow-up lasted for 18 months. The patients were
classified into two groups: those with anemia (preoperative
or within the early postoperative period) and those without
anemia. The primary outcome of the study was the development
of incisional hernia during the follow-up observation period,
while the secondary outcomes included wound complications
and recurrence.

Results: The incidence Incisional hernia was significantly
higher in the anemic group compared to the non-anemic group:
39.2% vs. 8.1% respectively

Surgical site infection significantly more frequent in the anemia
group - 10(12.66%) vs. 4(1.91%); p=0.008). Wound dehiscence
was also statistically significantly higher among anemic patients
- 4(5.06%) vs. 2(0.96%), p=0.030. The mean length of hospital
stay was significantly longer in the anemia group (6+1.2 vs.
4+0.9 days, p< 0.0001). Anemia - OR=6.804(95% CI:3.249-
14.249), duration of surgery - OR=1.045(95% 1:1.009-1.082),
and female gender OR=3.054(95% CI:1.434-6.504) increased
the risk of developing postoperative hernia.

Conclusions:

1 Anemia, whether present preoperatively or within the
first 72 hours after the surgery, significantly increases risks of
incisional hernia following abdominal surgery (OR=3.054(95%
CI:1.434-6.504).

1 Early identification and correction of anemia may
serve as a preventive strategy for surgical patients at risk of
developing incisional hernia.

Key words. Anemia, risk incisional hernia, complications.

Introduction.

Incisional hernia is one of the most common postoperative
complications following abdominal surgery [1], rates range
between 4% and 10.5%. However, these estimates relied solely
on inpatient data, inevitably underestimating the true rate of IH,
as evidenced by the rate of 13% to 25% [2]. This type of hernia
develops at the site of the surgical incision and may manifest
months or even several years after the initial procedure. While
the technical aspects of surgery, such as suture material, incision
type, and closure technique, have been well-studied, increasing
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attention is now being directed toward modifiable patient-
related factors that influence wound healing and the integrity
of the abdominal wall [3]. The incidence of IH depends on the
primary surgical pathology, incision site and extent, associated
medical comorbidities, and risk factors [4].

One such factor is anemia - a condition defined by the World
Health Organization (WHO) as a hemoglobin level below
13 g/dL in men and below 12 g/dL in women [5]. Anemia is
common among surgical patients, particularly those undergoing
major abdominal procedures. It has been documented that
approximately 40% of such patients exhibit preoperative anemia
[6]. Despite its high prevalence, anemia is often undertreated,
even though growing evidence indicates that it negatively
impacts wound healing and postoperative recovery [7].

The biological rationale linking anemia and incisional hernia
is based on the critical role of oxygen in tissue recovery.
Hemoglobin plays an essential role in transporting oxygen
to healing tissues. Oxygen is required for various cellular
processes, including fibroblast proliferation, collagen synthesis,
and neovascularization [6]. Hypoxia, which can be exacerbated
by anemia, impairs fibroblast function and collagen deposition,
both of which are vital for maintaining the integrity of fascial
closure [7]. In addition, oxygen tension at the wound site
significantly influences the tensile strength of healing tissue;
therefore, anemia may delay wound healing and increase the
likelihood of hernia formation [8].

Emerging evidence suggests that anemia is associated with an
increased risk of wound complications, including dehiscence and
infections, both of which are significant risk factors for incisional
hernia formation [9]. For example, a large-scale retrospective
analysis conducted by Musallam et al. demonstrated that even
mild preoperative anemia is independently associated with
increased postoperative morbidity and mortality, including
wound-related complications [10]. Another study focusing on
colorectal surgery found that anemic patients had significantly
higher rates of wound infections and impaired wound healing,
which may contribute to fascial dehiscence and subsequent
hernia development [11].

Despite these associations, the specific link between
preoperative anemia and the subsequent development of
incisional hernia remains underexplored in the literature. Most
existing studies primarily focus on anemia as a contributing
factor to surgical site infections or general wound complications,
rather than on incisional hernia itself [12]. Furthermore, many
studies aggregate risk factors without isolating anemia as an
independent variable, making it difficult to draw direct causal
conclusions [13].

From a surgical and anesthetic perspective, anemia can also
affect intraoperative management. Reduced oxygen-carrying
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capacity may necessitate the use and maintenance of higher
oxygen concentrations and, in some cases, require blood
transfusion, an intervention itself associated with increased
postoperative  complications [14]. Additionally, blood
transfusion has been linked to immunomodulation and a higher
incidence of surgical infections, potentially exacerbating the
risk of incisional hernia in anemic patients [15]. Thus, both the
direct and indirect effects of anemia may have a meaningful
impact on the wound healing process in surgical patients.

Poor nutritional status and comorbidities such as diabetes
mellitus and chronic obstructive pulmonary disease (COPD)
are acknowledged, anemia is rarely considered a predictive risk
factor as an independent variable [16]. This oversight may limit
the ability of current risk models to fully assess the potential for
hernia development in the postoperative period.

Currently, several clinical guidelines recommend identifying
and correcting anemia prior to elective surgery, when feasible,
through the use of iron supplementation, erythropoiesis-
stimulating agents, or blood transfusions if necessary [17,18].
However, the impact of these interventions on the prevention of
incisional hernia has not yet been definitively studied.

The aim of the study is to determine the role of anemia in the
manifestation of incisional hernia.

Materials and Methods.

A prospective clinical study was conducted at Batumi
Republican Clinical Hospital from January 2020 to January
2025. A total of 306 patients who underwent scheduled or
emergency abdominal participated in the study. After applying
the inclusion and exclusion criteria, 288 patients - 156 women
and 132 men, were finally included in the study. The patients
included in the study were aged 45-70 years. The primary
surgeries were major interventions on the small or large
intestine, including for cancer.

Of the total study population, 79 patients (27.4%) were
classified into the anemia group — including those with
preoperative anemia (47 patients) and those who developed
anemia within the first 72 hours after surgery (32 patients).
The main objective of the study was to identify the potential
relationship between preoperative or early postoperative anemia
and the development of incisional hernia.

The study included patients who underwent elective or
emergency abdominal surgery and remained on the registry for
18 months after surgery to assess whether anemia increased the
risk of postoperative incisional hernia.

Exclusion criteria included: pre-existing ventral or incisional
hernia, anticipated life expectancy of less than 6 months post-
surgery, or absence of laboratory data.

Patients were divided into two groups based on the presence
or absence of anemia.

Anemia was defined as a hemoglobin level <13.0 g/dL in men
and <12.0 g/dL in women.

Patients in the anemia group met one or both of the following
criteria: Preoperative anemia; Anemia that developed within
the first 72 hours after surgery, as detected through routine
postoperative laboratory testing.

Inaddition, other patientdatahave been collected: demographic:
age, sex, body mass index (BMI), smoking status; comorbidities:
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diabetes mellitus, hypertension, chronic obstructive pulmonary
disease; Surgical criteria: type and duration of surgery, type of
incision (midline/paramedian), surgical closure technique, use
of drains and antibiotic prophylaxis; Postoperative outcome:
presence of surgical site infection, wound dehiscence,
reoperation, and length of hospital stay.

Statistical Analysis:

For qualitative indicators, frequency and percentage values
were determined, for quantitative indicators - mean and standard
deviation. The difference between groups was determined using
the Student's test for quantitative indicators, and the Chi-square
test for qualitative indicators; Multiple logistic regression was
conducted to account for covariates, including age, gender,
Anemia, Duration of surgery (min). Statistical analysis was
performed using the SPSS 23 software package.

Results.

Comparison of patient characteristics across groups is given
in Table 1.

The primary outcome of the study was the development
of incisional hernia during the observation period, while
the secondary outcome included wound complications and
recurrences, comparing the incidence between anemic and non-
anemic patients.

There were no differences between the groups in terms of
baseline characteristics - age and comorbidities, as well as
surgical factors.

The average age is significantly higher in the anemia group -
57+4.1years vs 55+5.2 years in the non-anemia group (p=0.029).
The mean BMI was similar between groups (28.2+2.7 vs.
27.9+1.4 kg/m?, p=0.210).

Smoking prevalence was 21(26.58)% in the anemic group and
46(22.01%) in the non-anemic group(p=0.478); Comorbidities,
including diabetes mellitus - 19(12.66%) vs. 26(12.44%) -
p=0.961, hypertension - 10(12.66%) vs. 30(14.35%) - p=0.711,
and COPD 6(7.59%) vs. 15(7.18%) - p=0.904, A midline
incision was performed in 68(86.08%) and 184(88.04%),
respectively(p=0.654). Drains were used in 25(31.65%) of
anemic patients and 61(29.19%) of non-anemic patients -
p=0.685 showed no significant differences.

The average operative time in the anemia group was 132+15
minutes, while in the non-anemia group it was 141+18 minutes,
which is longer, although the difference is not statistically
significant(p=0.080).

Surgical site infection occurred significantly more in the
anemia group - 10(12.66%) vs. 4(1.91%); p=0.008). Wound
dehiscence was also statistically significantly higher among
anemic patients - 4(5.06%) vs. 2(0.96%), p=0.030. The mean
length of hospital stay was significantly longer in the anemia
group (6+1.2 vs. 4+0.9 days, p< 0.0001).

Incisional hernia incidence during exposure to anemia is given
in Table 2.

The incidence Incisional hernia was significantly higher in the
anemic group compared to the non-anemic group: 39.2% vs.
8.1% respectively (Figure 1).

As we can see, the incidence of incisional hernia is significantly
higher in the anemia group.



Table 1. Comparison of patients in the anemia and non-anemia groups.

Variable

79)

Age (years), mean+SD 57+4.1
Demographic BMI (kg/m?), mean+SD 28.2+2.7

Smoking (%) 21(26.58%)

0,

Diabetes mellitus (%) 10(12.66%)
Comorbidities . tension (%) 10(12.66%)

COPD (%) 6(7.59%)

Duration of surgery (min) mean+SD | 132+15
Surgical criteria  Incision: midline-n (%) 68(86.08%)

Drains used - n (%)

Surgical site infection - n(%)
Wound dehiscence (%)

Length of hospital stay (days), mean

Postoperative

0,
outcome 4(5.06%)

6+1.2

Table 2. Incisional hernia incidence during exposure to anemia.

Patients with Patients without

incisional hernia incisional hernia
Patients with anemia 31 48
Patients without
atients withou 17 192
anemia

Table 3. Estimating the risk of developing incisive hernias in anemia.

Risk estimate Value
Risk in Exposed to anemia 39.24%
Risk in Unexposed anemia 8.13%
Risk Ratio 4.82
Risk Difference 31.11%
Table 4. Incisional hernia risk assessment.

B S.E. Wald
Age 0.023 0.022 1.109
Anemia 1.917 0.377 25.845
Duration of surgery (min) 0.044 0.018 6.106
Female 1.117 0.386 8.383
Constant -9.831 2.568 14.66

The risk assessment for developing a hernia is given in Table
3.

As the table shows, anemia increases the risk of developing
incisional hernias (RR=4.82, 95%CI:2.83-8.21).

Among them, 21(26.6%) had preoperative anemia and 10
(12.7%) developed anemia postoperatively. incisional hernia
developed in 50% of the preoperative anemia group and of the
postoperative group - p=0.2600

The time to herniation was also shorter in the anemic group,
2+0.4 months vs. 5.3+0.6 months respectively (t=31.41,
p<0.0001). Postoperative wound complications (e.g., surgical
wound infection, wound dehiscence, seroma) occurred in 19%
of anemic patients and 4% of non-anemic patients.

We conducted a multivariate logistic regression analysis. The
dependent variable was the existence or absence of hernia,
while the independent factors included the presence or absence
of anemia, age, gender, and operation duration (table 4).
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Anemia group (n= Non-anemia group

25(31.65%)
10(12.66%)

t or Chi-square p

(n=209)
55+5.2 -2.19 0.029
27.9+1.4 -1.26 0.2100
46 (22.01%) 0.50 0.478
26 (12.44%) 0.002 0.961
30(14.35) 0.14 0.711
15(7.18%) 0.02 0.904
136+18 1.76 0.080
184(88.04%) 0.20 0.654
61(29.19%) 0.17 0.685
4(1.91%) 7.06 0.008
2(0.96%) 4.74 0.030
4+0.9 -15.28 <0.001

Total Chi-square P

79

<
209 39.94 p<0.0001
95%CI
29.2-50.28
5.07-12.71
2.83-8.21
19.72-42.49
p OR 95% C.I. for OR
Lower Upper
0.2920 1.024 0.98 1.069
0.0000 6.804 3.249 14.249
0.0130 1.045 1.009 1.082
0.0040 3.054 1.434 6.504
0.0000 0
Multivariate logistic regression analysis identified the

following as risk factors: anemia- OR=6.804(95% CI:3.249-
14.249), duration of surgery OR=1.045(95% 1:1.009-1.082),
and female gender OR=3.054(95% CI:1.434-6.504).

Discussion.

Incisional hernias (IH) are a frequent complication following
open abdominal surgery [19], with significant implications for
patient quality of life and healthcare costs [20].

The incidence of recurrent incisional hernias is approximately
20% of incisional hernias [21]; In our study, incisional hernia
was detected in 48 (16.67%) of 288 patients, Incisional hernia
was significantly higher in the anemic group compared to the
non-anemic group: 39.2% vs. 8.1% respectively.

Risk factors like hypertension, diabetes mellitus, anemia and
emergency surgery are the major risk factors for abdominal
wound dehiscence [22]. However, some studies suggest that
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Figure 1. The incidence Incisional hernia was significantly higher in the anemic group compared to the non-anemic group, 39.2% vs. 8.1%

respectively.

variables that are widely considered risk factors for the initial
development of incisional hernias (obesity, diabetes, smoking)
do not play a significant role in the development of recurrence
[23]. According to our study, Smoking, Comorbidities,
including diabetes mellitus, hypertension and COPD showed
no significant differences between the anemia and non-anemia
groups.

There is statistical significance in post-operative outcomes
percentage of serious surgical site infection, transfusion, and
unplanned remission in those with preoperative anemia who
underwent VHR [24].

According to our study, patients who had anemia before
surgery had a higher incidence of postoperative complications,
namely, they had significantly more Surgical site infection,
Wound dehiscence.

Preoperative anemia prolongs patient hospital stay [25].
According to our study, the mean length of hospital stay was
longer in the anemia group.

Post-operative wound infection, obesity and anemia were the
crucial factors for the development of incisional hernias [26].

Preoperative anemia is a risk factor for poor postoperative
outcomes in those undergoing ventral hernia repair and should
be considered when evaluating a patient for repair [27].

Our research confirmed that anemia increases the risk of
developing incisional hernias.

Conclusion.

* Anemia, whether present preoperatively or within the first 72
hours after the surgery, significantly increases risks of incisional
hernia following abdominal surgery (OR=3.054(95% CI:1.434-
6.504).

+ Early identification and correction of anemia may serve as
a preventive strategy for surgical patients at risk of developing
incisional hernia.

Limitations.

The paper presents a single-center study.
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