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Introduction. Colorectal cancer 
(CRC) ranks among the leading oncolog-
ical diseases in terms of both incidence 

and mortality [18, 36]. According to the 
World Health Organization, CRC is the 
third most common malignant neoplasm 
worldwide [95]. In 2022, more than 1.9 
million new cases of CRC were reported, 
along with approximately 903,000 deaths 
related to the disease [36]. In the Rus-
sian Federation, CRC also holds a lead-
ing position in the structure of oncological 
morbidity, with a rising trend in the num-
ber of patients affected by this pathology, 
potentially reaching 2.2 million cases by 
2030 [2, 3].

Surgical intervention remains the pri-
mary treatment for CRC, where anas-

tomosis formation is a key stage deter-
mining functional outcomes and patients' 
quality of life [4, 84]. Anastomotic leakage 
(AL), occurring in 2–19% of cases, con-
tinues to be a serious complication [79, 
96].

The International Study Group on 
Rectal Cancer defines AL as a defect in 
the integrity of the intestinal wall at the 
anastomotic site [24]. This complication is 
associated with high morbidity (20–30%), 
mortality (up to 22%), prolonged hospi-
talization, increased risk of recurrence, 
reduced survival rates, and diminished 
quality of life [59, 89, 90].
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Despite numerous studies on AL in 
CRC, risk factors for this complication re-
main a subject of debate. Current litera-
ture identifies multiple potential predictors 
of AL, which can be categorized into sev-
eral groups: patient-specific (age, sex, 
comorbidities, nutritional status, harmful 
habits), tumor-related (location, stage, 
preoperative therapy), surgical (type of 
intervention, anastomotic level, operation 
duration, intraoperative complications), 
and perioperative factors (use of drains, 
preventive stoma, antibiotic prophylaxis) 
[35, 61, 69].

Systematization and analysis of AL 
risk factors are crucial for developing 
effective prevention strategies, espe-
cially considering emerging data and 
advancements in surgical techniques in 
recent years [56, 61]. Risk stratification of 
patients may help optimize preoperative 
preparation, intraoperative decision-mak-
ing, and postoperative management, po-
tentially reducing AL rates and improving 
CRC treatment outcomes [35, 89].

The aim of this review is to analyze re-
cent literature (within the last five years) 
to identify and evaluate the significance 
of risk factors for AL in patients undergo-
ing surgery for CRC.

Materials and Methods. A systematic 
literature review was conducted following 
the PRISMA guidelines [92]. The search 
was performed in electronic databases 
(PubMed, Google Scholar, and eLibrary) 
from January 2019 to February 2025 
using the following key terms and their 
combinations in English and Russian:"-
colorectal cancer", "колоректальный 
рак", "anastomotic leak", "несостоя-
тельность анастомоза", "risk factors", 
"факторы риска".

Inclusion Criteria
Studies were selected based on the 

following criteria: Research on risk fac-
tors for AL in surgical treatment of CRC; 
Articles reporting statistically significant 
risk factors for AL (p < 0.05); Publications 
in English or Russian; Full-text articles in 
peer-reviewed journals; Original studies, 
systematic reviews, and meta-analyses.

Study Selection Process
A two-stage screening was applied: 1. 

Initial screening of titles and abstracts. 2. 
Full-text review of selected articles. From 
each publication, the following data were 
extracted: Authors, study design, sample 
size; AL incidence rate; Statistically sig-
nificant risk factors with corresponding 
metrics.

Out of 1,522 initially identified records, 
after removing duplicates and applying 
inclusion criteria, 42 studies were includ-
ed in the final analysis (Figure 1).

Results and Discussion. Gener-

al Characteristics of Included Studies.  
This systematic review included 42 stud-
ies published between 2019 and 2025. A 
summary of the included studies is pre-
sented in Table.

The incidence of AL across the an-
alyzed studies ranged from 2.8% to 
24.7%, reflecting significant heterogene-
ity in methodological approaches to de-
fining and diagnosing this complication. 
In most studies (n=31, 73.8%), AL was 
defined according to the criteria of the 
International Study Group of Rectal Can-
cer [24], allowing for a more standardized 
analysis.

The identified statistically significant 
risk factors for AL were categorized into 
four groups (Figure 2). This classification 
is based on: pathophysiological mech-
anisms affecting anastomotic healing, 
chronological sequence of the treatment 
process, modifiable vs. non-modifiable 
risk factors. This approach has clinical 
significance for: preoperative risk strati-
fication, development of predictive mod-

els, personalization of surgical treatment. 
The proposed classification aligns with 
current scientific approaches, emphasiz-
ing the multidisciplinary nature of AL in 
patients undergoing CRC surgery.

Patient-Specific Risk Factors for Anas-
tomotic Leakage. Male Gender. Multiple 
studies with high statistical significance 
have identified male sex as an indepen-
dent risk factor for AL. Alekseev et al. [42] 
demonstrated that male patients have 
nearly a fourfold increased risk of AL (OR 
3.8, 95% CI 1.9-7.7, p<0.001). These 
findings were corroborated by Degiuli 
et al. [70] (OR 1.55, 95% CI 1.27-1.88, 
p<0.001) and Dias et al. [64], who report-
ed a relative risk of 1.56 (95% CI 1.40-
1.75, p<0.05) for male patients. Further 
supporting evidence comes from Kry-
zauskas et al. [74] (OR=2.40, p=0.004) 
and a comprehensive meta-analysis by 
He et al. [11] involving 115,462 patients 
(p<0.0001).

The elevated AL risk in male patients 
may be attributed to anatomical char-

Fig. 1. Flowchart of the systematic literature review conducted according to the PRISMA protocol
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Main characteristics of the studies included in the review

Study and year of publication Study type Number of patients

Alekseev et al. (2022) [42] Retrospective cohort study 429

Arron et al. (2021) [93] Multicenter retrospective study 70229

Artus et al. (2020) [46] Retrospective cohort study 200

Awad et al. (2021) [87] Prospective cohort study 315

Brisinda et al. (2022) [12] Multicenter retrospective study 583

Danardono et al. (2024) [23] Retrospective cohort study 85

Degiuli et al. (2022) [70] Multicenter retrospective study 5398

Dias et al. (2022) [64] Systematic literature review and meta-analysis 184110

Foppa et al. (2023) [80] Prospective cohort study 643

Harada et al. (2025) [76] Retrospective cohort study 304

He et al. (2023) [11] Systematic literature review and meta-analysis 115462

Herrod et al. (2019) [66] Retrospective cohort study 169

Ito et al. (2024) [13] Retrospective cohort study 102

Koskenvuo et al. (2024) [48] Multicenter prospective study 565

Kryzauskas et al. (2020) [74] Multicenter prospective study 900

Kryzauskas et al. (2020) [43] Systematic literature review and meta-analysis 7115

Litchinko et al. (2024) [79] Literature review Н/Д

Nordholm-Carstensen et al. (2019) [53] Multicenter retrospective study 1414

Nugent et al. (2021) [54] Systematic literature review and meta-analysis 32953

Phan et al. (2019) [28] Systematic literature review and meta-analysis 896

Rodriguez et al. (2024) [77] Multicenter retrospective study 360

Simillis et al. (2023) [55] Systematic literature review and meta-analysis 59813

Simpson et al. (2024) [57] Retrospective cohort study 522

Tan et al. (2021) [91] Systematic literature review and meta-analysis 666886

Toyoshima et al. (2020) [49] Retrospective cohort study 117

Tsai et al. (2022) [82] Retrospective cohort study 1249

Tsalikidis et al. (2023) [61] Literature review Н/Д

Wada et al. (2022) [20] Retrospective cohort study 593

Wallace et al. (2020) [33] Systematic literature review and meta-analysis Н/Д

Wang et al. (2022) [10] Retrospective cohort study 1013

Yang et al. (2019) [65] Systematic literature review and meta-analysis 8456

You et al. (2020) [37] Retrospective cohort study 322

Yu et al. (2021) [38] Retrospective cohort study 1058

Yue et al. (2023) [47] Systematic literature review and meta-analysis 8852

Zarnescu et al. (2021) [96] Literature review Н/Д

Zhang et al. (2023) [9] Retrospective cohort study 292

Zhou et al. (2020) [32] Retrospective cohort study 208

Zouari et al. (2022) [34] Retrospective cohort study 163

Ahmetzyanov et al. (2021) [6] Literature review Н/Д

Balkarov et al. (2021) [5] Prospective cohort study 115

Darbishgadzhiev et al. (2023) [7] Retrospective cohort study 248

Polishchuk et al. (2021) [1] Retrospective cohort study 74



YAKUT MEDICAL JOURNAL
94

Fig. 2. Summary of risk factors for anastomotic leakage included in the study

acteristics of the male pelvis, which is 
typically narrower and deeper, creating 
technical challenges during anastomosis 
formation, particularly in low rectal resec-
tions [74]. Additionally, hormonal factors 
may influence microcirculation at the 
anastomotic site, potentially increasing 
the risk of ischemia and subsequent leak-
age [26]. These findings underscore the 
importance of considering male sex as a 
significant risk factor in surgical planning 
and postoperative monitoring.

Age. The influence of age on AL risk 
was confirmed in two studies. Rodriguez 
et al. [77] showed that age ≥65 years is 
associated with an increased risk of AL 
(OR=2.48, 95% CI 1.24-4.97, p=0.003). 
Similar results were obtained by Danar-
dono et al. [23], where age over 50 years 
was a statistically significant risk factor 
(p=0.05).

The increased risk of AL in elderly pa-
tients may be associated with age-relat-
ed changes in microcirculation, reduced 
tissue regenerative capacity, impaired 
collagen formation, and a higher inci-
dence of comorbidities [31, 88]. These 
factors collectively may negatively affect 
the anastomotic healing process [62].

Obesity. Obesity was identified as a 
significant risk factor for AL in two stud-
ies. Nugent et al. [54] demonstrated that 
visceral obesity increases the risk of AL 
by 2.15 times (OR=2.15, 95% CI 1.46–
3.15, p<0.05), with this risk being partic-
ularly high in patients with colon cancer 
(OR=2.88) and rectal cancer (OR=2.74). 
The meta-analysis by He et al. [11] also 
confirmed a statistically significant asso-
ciation between body mass index (BMI) 
and the risk of AL (p=0.03).

The negative impact of obesity may be 
explained by technical difficulties during 
surgery associated with increased vis-
ceral fat, impaired tissue perfusion, and 
higher intra-abdominal pressure [60, 72]. 
Additionally, obese patients often present 
with chronic inflammation, which may 
adversely affect tissue regeneration and 
wound healing processes [8].

Diabetes Mellitus. Diabetes mellitus 
was identified as a risk factor for AL in 
three studies. A systematic review by 
Dias et al. [64] established that diabetes 
nearly doubles the risk of AL (RR=1.97, 
95% CI 1.44–2.70, p<0.05). An even 
stronger association was reported in a 
meta-analysis by Tan et al. [91], where 
the OR was 2.407 (95% CI 1.837–
3.155, p<0.001). The study by Zouari et 
al. [34] also confirmed this relationship 
(p=0.04).

The pathophysiology of the increased 
risk of AL in diabetic patients involves 
several mechanisms. Diabetic microan-
giopathy leads to impaired tissue perfu-
sion at the anastomotic site [81]. Chronic 
hyperglycemia disrupts neutrophil and 
macrophage function, potentially delay-
ing the inflammatory phase of wound 
healing [52]. Moreover, collagen protein 
glycation reduces the tensile strength of 
the anastomosis [16]. It is important to 
note that even short-term episodes of hy-
perglycemia in the perioperative period 
can negatively affect healing processes, 
highlighting the need for strict glycemic 
control [27].

Nutritional Status. Nutritional status 
disorders, particularly hypoalbuminemia, 
were identified as significant risk factors 
for AL in five studies. Rodriguez et al. [77] 

established that a preoperative albumin 
level <3.5 g/dL significantly increases the 
risk of AL (OR=22.2, 95% CI 11.5–42.9, 
p<0.001). Zhang et al. [9] also confirmed 
that low albumin levels (<37.5 g/L) are an 
independent risk factor (p=0.006). Sim-
ilar findings were reported by Danardo-
no et al. [23] (p=0.01), Zouari et al. [34] 
(p=0.01), and Awad et al. [87] (p=0.015).

Sarcopenia, as an indicator of mal-
nutrition, was also identified as an inde-
pendent risk factor for AL in the study by 
Herrod et al. [66], where a lumbar muscle 
density ≤43.5 HU on computed tomog-
raphy was associated with a 14-fold in-
creased risk of AL (OR=14.37, p=0.026).

Malnutrition negatively affects protein 
synthesis necessary for tissue repair, 
weakens the immune response, and im-
pairs regeneration processes [29]. Low 
albumin levels may reflect both insuffi-
cient protein intake and ongoing inflam-
matory processes, which together wors-
en the prognosis of anastomotic healing 
[63].

Smoking. Active smoking was identi-
fied as a significant risk factor for AL in 
four studies. In the systematic review by 
Dias et al. [64], the relative risk for smok-
ers was 1.48 (95% CI 1.30–1.69, p<0.05). 
Tsai et al. [82] found that not only active 
smoking at the time of surgery (p=0.022), 
but also a history of smoking with cessa-
tion less than 10 years prior (p=0.029), 
significantly increased the risk of AL. This 
association was also confirmed by Zouari 
et al. [34] (p=0.01) and Foppa et al. [80] 
(p=0.03).

The negative impact of smoking on 
anastomotic healing may be attributed 
to several mechanisms. Nicotine induc-
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es vasoconstriction, leading to tissue 
ischemia. Carbon monoxide in tobacco 
smoke reduces oxygen transport to tis-
sues [83]. Additionally, tobacco smoke 
components impair neutrophil and 
macrophage function, delaying wound 
cleansing and granulation tissue forma-
tion processes [21].

Anemia. Preoperative anemia was 
identified as a risk factor for AL in four 
studies. Harada et al. [76] found that he-
moglobin levels ≤10.9 g/dL for men and 
≤9.9 g/dL for women were associated 
with nearly a 10-fold increased risk of AL 
(OR=9.94, p=0.002). Brisinda et al. [12] 
showed that hemoglobin levels <10 g/
dL significantly increased the risk of AL 
(11.8% vs. 7.0% with ≥10 g/dL, p=0.02). 
The association between anemia and 
AL was also confirmed by Danardono et 
al. [23] (p=0.007) and Zouari et al. [34] 
(p<0.01).

Anemia may negatively affect anasto-
motic healing by reducing oxygen deliv-
ery to tissues, which is especially critical 
in the context of relative ischemia at the 
anastomotic site [14]. Inadequate tissue 
oxygenation can impair cellular prolifer-
ation, collagen synthesis, and neoan-
giogenesis processes, which collectively 
compromise anastomotic strength and 
integrity [17].

Comorbidity. A high Charlson Comor-
bidity Index (CCI) was associated with 
an increased risk of AL in two studies. 
Artus et al. [46] showed that CCI >5 is 
an independent risk factor for AL in rectal 
surgery (p=0.025). Wada et al. [20] found 
that CCI ≥2 increased the risk of AL by 
nearly fivefold (hazard ratio=4.91, 95% 
CI 2.23–10.85, p<0.001).

A high American Society of Anesthesi-
ologists (ASA) physical status classifica-
tion III-IV was also identified as a risk fac-
tor for AL in three studies: Dias et al. [64] 
(RR=1.70, 95% CI 1.37–2.09, p<0.05), 
Kryzauskas et al. [74] (OR=3.23, 95% CI 
1.10–9.50, p=0.013), and Rodriguez et 
al. [77] (p=0.032).

A high comorbidity burden reflects the 
general health status of the patient and 
may affect anastomotic healing through 
various mechanisms, including impaired 
microcirculation, reduced regenerative 
capacity of tissues, and altered immune 
response. Moreover, patients with a 
high comorbidity index often take mul-
tiple medications, some of which (e.g., 
non-steroidal anti-inflammatory drugs, 
corticosteroids) can negatively influence 
healing processes [62, 74].

Tumor-Related Risk Factors. Tumor 
Location. Distal tumor location in the rec-
tum was identified as one of the most sig-
nificant risk factors for AL in six studies. 

Rodriguez et al. [77] found a statistically 
significant association between rectal tu-
mor location and the risk of AL (p=0.001). 
This association was also confirmed by 
Zhang et al. [9] (p=0.007) and Brisinda 
et al. [12] (p=0.006). Kryzauskas et al. 
[74] showed that the incidence of AL af-
ter rectal resection was 10.7% compared 
to 5.1% after sigmoid resection (p<0.05). 
Wang et al. [10] established that tumor 
distance from the anal verge ≤5 cm and 
5–10 cm were independent risk factors 
for AL (p=0.009 and p=0.018, respective-
ly). Polishchuk et al. [1] also confirmed 
that tumor location 5–10 cm from the anal 
canal significantly increases the risk of AL 
(p=0.021).

The increased risk of AL in distal tumor 
locations may be explained by several 
factors. Technical difficulties in forming 
a low anastomosis within the confined 
space of the pelvis increase the risk of 
anastomotic failure [72]. Additionally, the 
blood supply to the distal rectum is less 
abundant compared to the proximal sec-
tions, which may predispose the anas-
tomosis to ischemia [15]. Finally, radio-
therapy, commonly used in rectal cancer, 
may negatively affect tissue healing [45].

Tumor Stage and Size. Stage III–IV 
CRC was associated with an increased 
risk of AL in the study by Rodriguez et 
al. [77] (OR=2.71, 95% CI 1.34–5.48, 
p=0.005). Kryzauskas et al. [74] also 
identified tumor stage T3/T4 as an in-
dependent risk factor for AL (OR=2.25, 
p=0.017). Tsalikidis et al. [61] noted in 
their study that a tumor diameter greater 
than 3 cm may also increase the risk of 
AL (p<0.05).

Stages III–IV and larger tumor size 
may increase the risk of AL through sev-
eral mechanisms. More extensive resec-
tions required to remove large tumors 
can lead to greater anastomotic tension 
[71]. Moreover, tumors at more advanced 
stages are often accompanied by sys-
temic metabolic disturbances, which may 
negatively affect the healing process [86].

Neoadjuvant Therapy. Preoperative 
chemoradiotherapy was identified as a 
risk factor for AL in the systematic review 
and meta-analysis by Dias et al. [64], 
where the relative risk was 2.16 (95% CI 
1.17–4.02, p<0.05).

Neoadjuvant therapy potentially im-
pairs anastomotic healing through endo-
thelial damage and tissue fibrosis caused 
by radiotherapy [41], as well as through 
suppression of cellular proliferation and 
collagen synthesis during chemotherapy. 
The combination of these methods may 
exacerbate negative effects [44]. How-
ever, recent studies have not confirmed 
an increased risk of AL in CRC patients 

undergoing neoadjuvant treatment [39, 
51, 58, 85].

Intraoperative Risk Factors. Type of 
Surgery. Emergency surgery was identi-
fied as a significant risk factor for AL in 
two studies. Dias et al. [64] demonstrat-
ed that emergency CRC surgeries are 
associated with an increased risk of AL 
(OR=1.61, 95% CI 1.26–2.07, p<0.05). 
Awad et al. [87] also confirmed this asso-
ciation in their study (p=0.043).

Emergency surgeries increase the risk 
of anastomotic leak due to the inability to 
adequately prepare the bowel, leading 
to higher bacterial contamination at the 
anastomotic site [75]. Additionally, un-
stable hemodynamics in emergency sit-
uations negatively affect tissue perfusion. 
Technical aspects of emergency inter-
ventions are often less optimal compared 
to elective procedures [67].

Anastomotic Level and Type. A low 
anastomotic level was identified as one 
of the most significant risk factors for AL 
in four studies. Litchinko et al. [79] not-
ed that a low anastomotic level signifi-
cantly increases the risk of AL (p<0.05). 
Tsalikidis et al. [61] also confirmed this 
association (p<0.05). Another study [7] 
demonstrated the relationship between 
anastomotic height and AL risk: the inci-
dence of AL was 0% at 9 cm and above, 
5.2% at 5–8 cm, and 13% at 4 cm or low-
er from the dentate line (p=0.006). Bris-
inda et al. [12] also found that the mean 
distance from the anal verge in patients 
with AL was 71.0±32.0 mm, compared 
to 89.0±21.0 mm in patients without AL 
(p=0.0001).

The type of anastomosis may 
also influence the risk of AL. Nord-
holm-Carstensen et al. [53] reported that 
stapled anastomosis was associated with 
a higher risk of AL compared to hand-
sewn anastomosis (p=0.004).

The higher risk of AL in low anasto-
moses is due to technical difficulties in 
forming the anastomosis within the con-
fined pelvic space, which can compro-
mise sealing [73]. Additionally, the distal 
rectum has a less abundant blood supply, 
increasing the likelihood of anastomotic 
ischemia [15]. The stapling technique 
may traumatize tissues and impair mi-
crocirculation along the anastomotic line 
[40].

Technical Aspects of Surgery. Op-
eration duration was identified as a risk 
factor for AL in four studies. Zouari et al. 
[34] found that procedures lasting more 
than 180 minutes significantly increased 
the risk of AL (p=0.04). Zhou et al. [32] 
showed that an operation time ≥140 min-
utes was an independent risk factor for 
AL (OR=5.427, 95% CI 1.355–21.727, 
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p<0.001). Zarnescu et al. [96] and Li-
tchinko et al. [79] also noted in their re-
views that surgeries lasting over 3 hours 
were associated with a higher risk of AL 
(p<0.05).

Intraoperative blood loss was associ-
ated with an increased risk of AL in the 
study by Simillis et al. [55], which showed 
that greater blood loss increased AL 
risk: for losses >250–300 ml, OR=2.06 
(p<0.001), and for >400–500 ml, 
OR=3.15 (p<0.001). Tsalikidis et al. [61] 
also confirmed this relationship (p<0.05).

Anastomotic tension was identified as 
a risk factor for AL in the study by Ito et 
al. [13], where tension at the anastomotic 
line was associated with an increased AL 
rate (31.3% in the high-tension group vs. 
2.2% in the non-tension group, OR=6.97, 
95% CI 1.45–33.6, p=0.016).

A narrow pelvis, particularly in men, 
was also identified as a risk factor for AL 
in two studies. Yu et al. [38] demonstrated 
that pelvic dimensions were independent 
predictors of AL risk (p<0.05). Toyoshima 
et al. [49] found that a narrow pelvic inlet 
area (≤10,074 mm²) was a significant risk 
factor (p=0.012).

Ligation of arteries (left colic artery 
and inferior mesenteric artery) [37, 65], 
as well as multivisceral resections [93], 
were also reported to affect AL risk.

Surgeon experience may also influ-
ence AL risk. Studies by Zarnescu et al. 
[96] and Wallace et al. [33] confirmed the 
impact of surgeon experience on AL de-
velopment risk (p<0.05).

The negative influence of prolonged 
surgery and blood loss may be attribut-
ed to several factors. Lengthy operations 
are often associated with technical diffi-
culties, increasing the risk of anastomotic 
failure. Additionally, prolonged anesthe-
sia exposure and hypothermia may nega-
tively impact tissue perfusion. Significant 
blood loss can lead to hypovolemia and 
tissue ischemia, which impair anastomot-
ic healing [68, 74].

Anastomotic tension reduces blood 
supply and increases mechanical stress, 
while a narrow pelvis complicates anas-
tomosis formation in low resections. Arte-
rial ligation compromises collateral circu-
lation, predisposing the anastomosis to 
ischemia and subsequent failure [26, 71].

Assessment of Anastomotic Integri-
ty. Lack of intraoperative assessment of 
anastomotic integrity (air leak test) was 
identified as a risk factor for AL in the 
meta-analysis by Kryzauskas et al. [43], 
which showed that using intraoperative 
tests significantly reduces the risk of AL 
(OR=0.52, 95% CI 0.34–0.82, p<0.001).

Lack of anastomotic reinforcement 
was also associated with an increased 

risk of AL in two studies. Balkarov et al. 
[5] found that the AL rate was 8.3% in the 
group with additional anastomotic rein-
forcement compared to 25.5% in the con-
trol group without reinforcement (p=0.01). 
Foppa et al. [80] also showed that using 
a single-layer transanal reinforcement 
technique was associated with a lower 
risk of AL compared to the double-layer 
technique (6.48% vs. 15.28%, p=0.002).

Intraoperative assessment of anasto-
motic integrity allows for immediate de-
tection and correction of defects during 
surgery, significantly reducing the risk 
of postoperative AL [40]. Reinforcing 
the anastomosis using various methods 
(additional sutures, biological glues, fi-
brin sealants) can improve mechanical 
strength and sealing, thereby reducing 
the risk of leakage [30].

Perioperative Risk Factors. Blood 
Transfusion. Perioperative blood transfu-
sion was identified as a risk factor for AL 
in two studies. Simpson et al. [57] found 
that blood transfusion significantly in-
creased the risk of AL (p<0.0001). Zouari 
et al. [34] also confirmed this association 
(p<0.01).

The negative impact of blood transfu-
sion on anastomotic healing may be due 
to its immunomodulatory effects, which 
can disrupt the normal inflammatory re-
sponse and regenerative processes. Fur-
thermore, the need for blood transfusion 
often reflects significant blood loss and 
hemodynamic instability, which them-
selves can adversely affect anastomotic 
healing [22, 50].

Preventive Measures. The absence 
of a protective stoma was identified as 
a risk factor for clinically significant AL 
in the meta-analysis by Phan et al. [28]. 
The study showed that the formation of 
a diverting stoma significantly reduced 
the risk of AL (6.3% vs. 18.3%, OR=0.36, 
95% CI 0.24–0.54, p<0.00001).

The absence of transanal drainage 
(TAD) may also increase the risk of AL, 
as shown in the systematic review by 
Akhmetzyanova et al. [6] (p<0.05). How-
ever, research results on this topic re-
main controversial.

The lack of mechanical bowel prepa-
ration combined with antibiotic prophy-
laxis was associated with an increased 
risk of AL in two studies. Yue et al. [47] 
found that combined preparation (me-
chanical bowel preparation + oral anti-
biotics) significantly reduced the risk of 
AL compared to mechanical preparation 
alone (p=0.009). Koskenvuo et al. [48] 
also confirmed this association (p<0.05).

A protective stoma reduces the risk of 
clinically significant consequences of AL 
by diverting intestinal contents proximally 

from the anastomosis, which decreases 
intraluminal pressure and minimizes bac-
terial contamination of the anastomotic 
area [25]. TAD may also reduce intralu-
minal pressure and promote evacuation 
of contents, potentially decreasing the 
risk of AL [94]. Mechanical bowel prepa-
ration with antibiotic prophylaxis reduces 
bacterial load in the intestine, which may 
positively influence anastomotic healing 
and reduce the risk of infectious compli-
cations [78].

According to the study by Carus et 
al. [19], intraoperative assessment of 
anastomotic perfusion using indocyanine 
green fluorescence angiography reduced 
the incidence of AL by 48%. Identifica-
tion of inadequate perfusion, observed 
in 3.4% of cases, prompted changes in 
surgical strategy, including the formation 
of a new anastomosis or creation of a 
protective stoma.

A significant advancement in AL pre-
vention was the development of the 
RALAR score, which allows prediction of 
AL risk based on nine independent vari-
ables. Although a protective stoma does 
not reduce the incidence of AL itself, it 
significantly decreases the severity of the 
complication, the need for reoperation, 
and complication-related mortality. The 
RALAR score enables surgeons to make 
informed decisions regarding the forma-
tion of a protective stoma in high-risk pa-
tients, aligning with the modern concept 
of a personalized surgical approach [70].

It is important to note that many risk 
factors are interrelated and may poten-
tiate each other's effects. For example, 
distal tumor location often necessitates 
low anastomosis, which, combined with 
male gender and a narrow pelvis, creates 
a situation of very high AL risk. Similarly, 
patients with diabetes mellitus often have 
obesity, creating an unfavorable back-
ground for anastomotic healing.

The findings highlight the necessity of 
an individualized approach to AL preven-
tion. Stratifying patients into risk groups 
allows for optimization of preoperative 
preparation, intraoperative strategy, and 
postoperative management.

Conclusion. This systematic litera-
ture review identified key risk factors for 
AL following surgical treatment of CRC, 
with an incidence ranging from 2.8% to 
24.7%. The most significant risk factors 
include male gender, age over 65 years, 
obesity, diabetes mellitus, impaired nu-
tritional status, distal tumor location, low 
anastomotic level, prolonged surgery 
(>180 minutes), and significant intraoper-
ative blood loss.

The implementation of the RALAR 
score has significantly improved the ob-
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jective assessment of AL risk, enabling 
more evidence-based decisions regard-
ing the formation of a protective stoma 
during surgery.

A comprehensive approach to AL pre-
vention, based on risk stratification and 
personalized treatment strategies, can 
substantially reduce the incidence of 
this complication. This, in turn, will lead 
to improved treatment outcomes, shorter 
hospital stays, reduced healthcare costs, 
and, most importantly, enhanced quality 
of life for patients undergoing CRC sur-
gery.
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