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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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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% I:1.009-1.082), 
and female gender OR=3.054(95% CI:1.434-6.504) increased 
the risk of developing postoperative hernia.

Conclusions: 
l	 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). 

l	 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 

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.

In addition, other patient data have been collected: demographic: 
age, sex, body mass index (BMI), smoking status; comorbidities: 

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/m², 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.
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Variable Anemia group (n= 
79)

Non-anemia group 
(n= 209) t or Chi-square p

Demographic
Age (years), mean+SD 57+4.1 55+5.2 -2.19 0.029
BMI (kg/m²), mean+SD 28.2+2.7 27.9+1.4 -1.26 0.2100
Smoking (%) 21(26.58%) 46 (22.01%) 0.50 0.478

Comorbidities
Diabetes mellitus (%) 10(12.66%) 26 (12.44%) 0.002 0.961

Hypertension (%) 10(12.66%) 30(14.35) 0.14 0.711
COPD (%) 6(7.59%) 15(7.18%)  0.02 0.904

Surgical criteria 
Duration of surgery (min) mean+SD 132+15 136+18 1.76 0.080
Incision: midline-n (%) 68(86.08%) 184(88.04%) 0.20 0.654
Drains used - n (%) 25(31.65%) 61(29.19%) 0.17 0.685

Postoperative 
outcome 

Surgical site infection - n(%) 10(12.66%) 4(1.91%) 7.06 0.008
Wound dehiscence (%) 4(5.06%) 2(0.96%) 4.74 0.030
Length of hospital stay (days), mean 6+1.2 4+0.9 -15.28 < 0.001

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

Patients with 
incisional hernia

Patients without 
incisional hernia Total Chi-square p

Patients with anemia 31 48 79
39.94 p<0.0001Patients without 

anemia 17 192 209

Table 2. Incisional hernia incidence during exposure to anemia.

Risk estimate Value 95%CI
Risk in Exposed to anemia 39.24% 29.2- 50.28
Risk in Unexposed anemia 8.13% 5.07-12.71
Risk Ratio 4.82 2.83-8.21
Risk Difference 31.11% 19.72-42.49

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

B S.E. Wald p OR 95% C.I. for OR
Lower Upper

Age  0.023 0.022 1.109 0.2920 1.024 0.98 1.069
Anemia 1.917 0.377 25.845 0.0000 6.804 3.249 14.249
Duration of surgery (min) 0.044 0.018 6.106 0.0130 1.045 1.009 1.082
Female 1.117 0.386 8.383 0.0040 3.054 1.434 6.504
Constant -9.831 2.568 14.66 0.0000 0

Table 4. Incisional hernia risk assessment.

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).

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% I: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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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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