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Abstract

This study aimed to analyze the incidence and risk factors of acute anastomotic leak (AL) in patients with colorectal cancer
(CRC) during and after the COVID-19 pandemic. Active COVID-19 was evaluated as a risk factor of acute AL. A retrospec-
tive multicenter analysis was performed on 390 patients with CRC between April 2020 and October 2024. Patients were
divided into acute AL (n=27) and no acute AL (no AL) (n=363) groups. In the acute AL group, there were 24 (88.8%)
men and three (11.2%) women, with a median age of 63 (65-67) years. Twenty-seven patients in both groups had a previ-
ous COVID-19 infection and 15 patients (55.5%) who complained of COVID-19 had AL. The incidence of clinical AL was
6.9% (27/390), of which 11.1% (3/27) and 88.9% (24/27) were grade B and C, respectively. 24/27 (88.9%) had free AL with
peritonitis requiring surgical re-intervention. Multivariate analysis showed that active COVID-19 infection (OR =176, 95%
CI 14.27-2172.57, p <0.001) and serum albumin level <3 g/dl (OR =16.249, 95% CI 1.033-255.544, p=0.04) were associ-
ated risk predictors of AL, while the laparoscopic approach (OR =0.032, 95% CI 0.002-0.434, p=0.01) and splenic flexure
mobilization (OR =0.022, 95% CI 0.003—4.844, p=0.02) were protective. The incidence of AL after CRC surgery did not
increase during or after the COVID-19 pandemic. Active COVID-19 and serum albumin levels < 3 g/dl were associated risk
factors for AL, while the laparoscopic approach and splenic flexure mobilization were protective.
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Introduction Currently, surgery is the principal treatment for CRC [2].

Advances in surgical techniques and new instruments have

Colorectal cancer (CRC) is a common intestinal malignancy.
In 2020, nearly two million new CRC cases and one million
deaths from CRC were reported worldwide, making CRC the
third most common cancer incidence and the second cause
of cancer-related mortality [1].
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enabled surgeons to achieve substantial advances in radical
treatment of CRC. Nevertheless, surgical complications are
unavoidable, and acute anastomotic leak (AL) is the most
feared complication after CRC surgery, with serious effects
on morbidity and mortality [3]. The reported acute AL rates
in colorectal surgery range from 0.8 to 26% [4-7]. Acute
AL leads to severe postoperative complications, including
peritonitis, sepsis, need for reoperation or percutaneous
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intervention, prolonged hospitalization, and increased medi-
cal costs [5]

At the end of 2019, an outbreak of COVID-19 caused a
massive health crisis and was considered a global pandemic
by the World Health Organization (WHO) [8]. The COVID-
19 pandemic has influenced public health-seeking behavior,
as some patients expressed fear of contracting the virus in
hospitals, leading to delays or complete deferrals in seeking
treatment [9]. Another strategy involves restricting the avail-
ability of cancer screening [10]. Moreover, full lockdowns
directly postponed elective cancer surgeries [11]. Delays in
the diagnosis of CRC are associated with a higher stage of
CRC, with increased mortality and morbidity or necessitate
emergency admission [12].

The precise etiology of AL remains controversial. The
current knowledge suggests that AL is associated with
several risk factors [13—18]. Knowledge of the risk fac-
tors for AL is important for risk assessment to provide the
best treatment options. Currently, there is a lack of infor-
mation regarding the incidence and risk of postoperative
acute AL after CRC surgery with pTTI—pTIII in patients with
active or previous COVID-19 infection during and after the
COVID-19 pandemic. This study assessed the incidence of
AL during and after the COVID-19 pandemic. In addition,
we analyzed active COVID-19 as a specific risk factor for
postoperative acute AL.

Materials and methods
Study and patient eligibility

A retrospective analysis of 390 consecutive histopathologi-
cally validated stage I-1II CRC (TNM: T1-3, NO-2b, M0)
patients, aged > 18 years, with active COVID-19 infection or
a previous history of COVID-19 infection at the time of hos-
pital admission, undergoing radical resection of CRC based
on a prospectively maintained database from April 2020 to
October 2024 were included in the study. A total of 390
patients were divided into anastomotic leak (AL) (n=27)
and no anastomotic leak (no AL) (n=363) groups. Figure 1
shows a flowchart of the inclusion and exclusion criteria for
study patients.

Site recruitment

The study was conducted in six centers in Egypt, including
three academic centers (Zagazig, Al-Azhar, and Suez Canal
Universities) and three non-academic centers (Mataryia
Teaching Hospital, El Mahala Institute and Alahrar Oncol-
ogy centre).
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Outcome definition and measurement

The outcome measures were clinically evident acute AL
incidence during and after the pandemic and active COVID-
19 as a risk factor. COVID-19 was confirmed by PCR [19],
while a previous COVID-19 infection was a history diagnosis.
According to the International Study Group of Rectal Cancer
(ISGRC), AL is defined as a defect in the intestinal wall at
the anastomotic site that leads to a connection between the
intra- and extraluminal compartments. The clinical diagnosis
of AL includes increased abdominal pain, tachycardia, fever,
tachypnea, ileus, and feculent drainage. ISGRC classifies AL
into grades A, B, or C, according to its influence on clinical
management [20]. The imaging technique for the identification
of acute AL depends on computed tomography (CT) using oral
and intravenous (IV) water-soluble contrast media [21]. Acute
ALs were treated according to previous guidelines [22]. Tumor
staging adhered to the 8th edition of the American Joint Com-
mittee on Cancer (AJCC) pathological tumor-node/metastasis
(pTNM) classification and staging system for CRC [23]. Rec-
tal tumor location was categorized as upper (distal border of
the tumor 10—15 cm from the anal verge), middle (5-10 cm),
or lower rectum (<5 cm) [24]. The tumor size was determined
by histological examination. Postoperative morbidity (within
30 days of operation) was assessed using the Clavien—Dindo
classification [25]. All patients were managed following the
National Comprehensive Cancer Network (NCCN) guidelines
for CRC management [26].

Data collection

Patient and anesthesiologist records (electronic and paper)
were used to detect the patient-related factors analyzed in
this study. These included age, sex, body mass index (BMI),
comorbidities, smoking, COVID-19 [active COVID-19 infec-
tion or previous history of COVID-19 infection at the time of
hospital admission], serum albumin (<3.5 or >3.5 g/dl) [27],
Carcino-embryonic antigen (CEA) level, tumor (site, size,
differentiation, stage), ASA score, and previous abdominal
surgery. The surgery-related factors analyzed were time of
surgery, onset of surgery (elective or emergent), blood trans-
fusion, laparoscopic or open surgery, operative time, anasto-
motic time, stapled or hand-sutured anastomosis, and urgent
or elective surgery. Postoperative data included hospital stay
(days), postoperative complications (CD classification), and
postoperative acute anastomotic leaks (incidence, grade, time
of AL, and dealing with AL).

Preoperative evaluation and surgical procedures

The multidisciplinary team (MDT) approach has become
the standard for perioperative patient care and has been
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Excluded (n=61)
peritoneal carcinomatosis (n=3) ,

tumors directly invading or adherent to
other organs or structures on preoperative
investigations (T4b) (n=4)

®  contraindications to pneumoperitoneum
(n=4)

® palliative resections without

(n=451)

Assessed for eligibility

lymphadenectomy (n=4)
tumor perforation(T4a)(n=5)
patients operated on for neuroendocrine

tumors (n=6)

patients with end-organ failure (n=3),
patients lost to follow-up (n=7)
patients with incomplete records(n=12)

\4

patients with preoperative colorectal stent
insertion in patients with malignant
obstruction (n=6)

Enrolled in the study (390)

® patients with distant metastasis (n=3),
®  recurrent colorectal cancer (n=3)

pregnancy (n=1)

A 4

\4

Acute anastomotic leak (AL)

[ Groups
group(n=27)

] No acute anastomotic leak (no AL)
group(n=363)

Fig. 1 Flowchart of the inclusion and exclusion criteria for study patients

established for all patients with gastrointestinal cancer
undergoing surgery, as previously described [28]. All the
patients underwent physical examination, total colonos-
copy, pelvi-abdominal computed tomography (CT), carci-
noembryonic antigen (CEA) testing, and pelvic magnetic
resonance imaging (MRI) for rectal cancer. Every patient
received intravenous Cefazolin and Metronidazole proph-
ylaxis before incision. Mechanical bowel preparation is
routinely used only for elective left-sided colon and rectal
tumors. Experienced surgeons performed all the surgeries.
The procedures were performed laparoscopically or via open
surgery. Surgical techniques adhered to standardized pro-
tocols for laparoscopic/open resection and anastomosis as
described in previous literatures [29—-31]. One-stage surgery
was performed for patients with resectable right-sided CRC.
Primary anastomosis was attempted for elective left-sided
CRC; otherwise, a stoma was formed based on the patient's
condition. The choice between staplers or hand sewing for
anastomosis was determined by the surgeon's preference
and the anastomosis site. The Hartmann procedure was

implemented in patients with left-sided or rectal tumors, but
at a high risk of anastomotic dehiscence. Intracorporeal or
extracorporeal anastomoses were performed during laparo-
scopic surgery. Extracorporeal anastomoses in laparoscopy
or open approaches were performed using either a stapler
or a handsewn.

We performed high ligation of the IMV in all cases of left
colon and rectal surgeries. In left-sided tumors, the splenic
flexure may be mobilized after ligation of IMV vessels. After
mesenteric division, we confirmed the presence of an arterial
blood supply to the anastomosis site by palpating the pulse
or Doppler. After rectal mobilization for anterior resection,
autonomic nerves were preserved. Ileocolic and colo-colic
anastomoses were intraperitoneally or extracorporeally
achieved using hand-sewn or stapled anastomoses [32]. In
anterior resection, the marginal artery and terminal bifur-
cation of the ascending left colic artery were preserved to
ensure adequate blood supply to the descending colon if the
marginal artery at the splenic flexure was inadequate. After
resection, the anastomosis was checked by hydropneumatic
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testing through a proctoscope with the anastomosis under
irrigation and with the intestine occluded proximal to the
anastomosis [33]. The doughnuts were inspected for integ-
rity after stapler retrieval.

Postoperative follow-up

All patients underwent an enhanced recovery program post-
operatively according to the previous guideline [34]. The
prolonged antibiotic regimen (5 days) was based on institu-
tional protocols for high-risk patients (e.g., hypoalbumine-
mia, open surgery) to mitigate sepsis risk. AL was diagnosed
both clinically and using CT. Patients diagnosed with anas-
tomotic leakage within 30 days of surgery were identified.

Statistical analysis

All analyses were conducted utilizing SPSS software (ver-
sion 26.0.1.0). Continuous variables are presented as median
(IQR) or mean (SD). Continuous variables following a nor-
mal distribution were assessed using Student's ¢ test, whereas
non-normally distributed variables were represented using
the Mann—Whitney U test. Categorical variables are pre-
sented as numbers and percentages and were compared
using the chi-square or Fisher's exact test. Variables with a
p value <0.25 in univariate analysis were entered into a mul-
tivariate logistic regression model to determine associated
predictors of AL, with results reported as odds ratios (ORs)
and 95% confidence intervals (CIs). No data were missing
for variables included in the final regression model. This
analysis identified statistical associations rather than causal
relationships. Statistical significance was set at P <0.05.

Results
Patient and tumor characteristics

The demographics, baseline patient characteristics, and
tumor characteristics are shown in Table 1. Statisti-
cally significant differences were observed between the
groups in terms of age (p =0.001), sex (p=0.01), BMI
(p<0.001), DM (p=0.02), CHD (p <0.001), smoking
(»<0.001), COVID-19 infection (p < 0.001), serum albu-
min (p <0.001), CEA (p <0.001), family history of CRC
(p <0.001), tumor differentiation (p <0.001), histology
(p <0.001), vascular and perineural invasion (p <0.001),
previous abdominal surgery (p <0.001), tumor size
(»=0.003), and tumor stage (p <0.001). In the AL group,
there were 24 (88.8%) men and 3 (11.2%) women, with a
median age of 63 (65—67) years and a median tumor size
of 9.35 cm (8.2-9.8). Twenty-seven patients in both groups
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had a previous COVID-19 infection, and 15 patients
(55.5%) who complained of COVID-19 had AL.

Intraoperative data are shown in Table 2

There were no statistically significant differences between
the AL and no-AL groups concerning all intraoperative
data except the approach (open or laparoscopic)
(»<0.001), splenic flexure mobilization (p =0.009), and
intraoperative blood transfusion (p <0.001). Elective
surgeries were performed in 26 (96.3%) and 340 (93.7%)
patients in the AL and no-AL groups, respectively. A
stoma was performed in 18 patients in the no-AL group,
including 14 with ileostomies and four with colostomies.
Intraoperative colonic irrigation was not performed in

the emergent cases. The open approach was performed
mainly in the AL group (n =24, 88.9%), whereas the
laparoscopic approach was the main approach in the no-AL
group (n=308, 84.8%). Splenic flexure mobilization

was performed in 12 (44.4%) and 282 (77.7%) patients,
respectively.

Postoperative anastomotic leak and mortality

The incidence of clinical AL was 6.9% (27/390), and the
incidence rates of grades B and C AL were 11.1% (3/27)
and 88.9% (24/27), respectively. 21/27 (77.8%) patients
developed AL within the first 10 days. Twenty-four
patients (88.9%) had free AL and peritonitis and required
surgical re-intervention. Three patients (11.1%) had AL
that required percutaneous drainage, bowel rest, and anti-
biotics; One patient improved without surgery, while two
patients required surgical re-intervention. Overall, 26
patients requiring re-intervention showed intraoperative
findings during re-intervention in the form of phlegmon
bowel in 7patients(26%) requiring drainage and proximal
diversion, minor anastomosis defect (<1 cm) in 14 patients
(51.9%) requiring repair of the leak, drainage, and proxi-
mal diversion in seven patients; seven patients required
resection and anastomosis of the leak site with proximal
diversion, and major anastomosis defect (>1 cm) in five
patients (18.5%) requiring resection and anastomosis of
the leak site with proximal diversion. Of the 4/390 patients
(1%) who died within 30 days after surgery, 2/27 (7.4%)
had refractory septic shock after re-intervention in the AL
group, and 2/363 (0.6%) had postoperative myocardial
infarction in the no AL group (Table 3).
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Table 1 Demographics, Acute AL (n=27) No acute AL (n=363) P value
baseline patient characteristics,
and tumour characteristics in Age, years (median, IQR) 63 (65-67) 56 (52-62) .001*
the studied groups Sex 01%
Male 24 (88.8%) 242 (66.7%)
Female 3(11.1%) 121 (33.3%)
BMI (Mean +SD) 33.1+22 29.8+3.9 <0.001*
DM 9(33.3%) 58 (16%) .02
HTN 9 (33.3%) 83 (22.9%) 216
CHD 10 (37%) 43 (11.8%) <0.001*
Smoker 21 (77.8%) 72 (19.8%) <0.001%
COVID-19 infection (n=27) 15 (55.5%) 12 (3.3%) <0.001*
Active COVID-19 during index admission 12 (44.4%) 3 (0.8%)
Past history of COVID-19 infection during index 3(11.1%) 9 (2.5%)
admission
Serum albumin <0.001*
<3.5g/dl 18 (66.7%) 23 (6.3%)
>3.5g/dl 9(33.3%) 340 (93.7%)
CEA <0.001*
<50 ng/ml 8 (29.6%) 333 (91.7%)
>50 ng/ml 19 (70.4%) 30 (8.3%)
ASA 372
I 0 (0%) 35 (9.6%)
I 9 (33.3%) 114 (31.4%)
I 16 (59.2%) 197 (54.3%)
v 2 (7.4%) 17 (4.7%)
Family history of previous colorectal cancer 12 (44.4%) 20 (5.5%) <0.001*
Site of tumor 0.763
Caecum 9 (33.3%) 39 (10.7%)
Right colon 1(3.7%) 38 (10.5%)
Transverse colon 0 (0%) 20 (5.5%)
Left colon 1(3.7%) 49 (13.5%)
Sigmoid 2 (7.4%) 52 (14.3%)
Hepatic flexure 2 (7.4%) 20 (5.5%)
Splenic flexure 2 (7.4%) 12 (3.3%)
Upper rectum>10-15 cm 1(3.7%) 74 (20.4%)
Middle(5-10 cm)-low rectum(<5 cm) 9 (33.3%) 59 (16.2%)
Tumor differentiation <0.001%*
Poorly differentiated 25(92.6%) 33(9.1%)
Well-differentiated 0 (0%) 31 (8.5%)
Moderately differentiated 2 (7.4%) 299 (82.4%)
Histology <0.001*
Mucinous 25(92.6%) 19 (5.2%)
Adenocarcinoma 2 (7.4%) 344 (94.8%)
Vascular and perineural invasion 23 (85.2%) 19 (5.2%) <0.001%*
Previous abdominal surgery <0.001*
Yes 25 (92.6%) 34 (9.4%)
No 2 (7.4%) 329 (90.6%)
Size of tumor (cm) (Median, IQR) 9.35 (8.2-9.8) 7.4 (6.3-9.2) .003*
Stage of tumor <0.001*
I 0 (0%) 24 (6.6%)
I 5(18.5%) 126 (34.7%)
1 22 (81.5%) 213 (56.7%)
Neoadjuvant treatment 10 130 .899

CEA: Carcinoembryonic Antigen; ASA: American Society of Anesthesiologists
*Statistically significant
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Table 2 Intraoperative data of the studied groups

Acute AL (n=27) No acute AL (n=363) P value
Onset of surgery 1.00
Elective 26 (96.3%) 340 (93.7%)
Emergent(obstruction) 1(3.7%) 23 (6.3%)
Preoperative colonic preparation .583
Yes 26 (96.3%) 340 (93.7%)
No 1(3.7%) 23 (6.3%)
Type of surgery 155
Right hemicolectomy 10 (37%) 77 (21.2%)
Left hemicolectomy 1(3.7%) 47 (12.9%)
Left hemicolectomy with covering proximal ileostomy 0 (0%) 2 (0.6%)
Transverse colectomy 0 (0%) 19 (5.2%)
Extended sigmoid colectomy 2 (7.4%) 51 (14%)
Anterior resection with covering proximal ileostomy 0 (0%) 7(1.9%)
Anterior resection 10 (37%) 120 (33.1%)
Hartmann operation 0 (0%) 4(1.2%)
Extended left hemicolectomy 4 (14.8%) 13 (3.6%)
Extended right hemicolectomy 0 (0%) 18 (5%)
Transverse colectomy with covering proximal ileostomy 0 (0%) 1(0.3%)
Extended left hemicolectomy with covering ileostomy 0 (0%) 1(0.3%)
Extended sigmoid colectomy with proximal ileostomy 0(0%) 3(0.9%)
Surgical approach <0.001*
Open approach 24 (88.9%) 55 (15.2%)
Laparoscopic approach 3(11.1%) 308 (84.8%)
Splenic flexure mobilization .009%*
Yes 12 (44.4%) 282 (77.7%)
No 15 (55.6%) 81 (22.3%)
Intra or extra corporeal anastomosis in laparoscopic approach .300
Intracorporeal anastomosis 2 (7.4%) 225 (62%)
Extracorporeal anastomosis 1(3.7%) 83 (38%)
Hand sewen or stapler in open surgery or extracorporeal anastomosis in lap 138
approach
Stapler 13 (48.1) 93 (25.6%)
Hand sewen 12 (44.4%) 45 (12.4%)
Operative time(mean, SD) 148.14+18.2 146.06 +16.3 461
Anastomotic time (mean, SD) 252+6.8 26.2+5.5 795
Intraoperative complications 303
Anastomotic leak 10 (37%) 19 (5.2%)
Intraoperative bleeding 9 (33.3%) 6 (1.7%)
Urinary bladder injury 0 (0%) 1(0.3%)
Splenic injury 0(0%) 1(0.3%)
Intestinal injury 0 (0%) 1(0.3%)
Dealing with intraoperative complications 447
Suturing of intestinal leak 10 (37%) 9 (2.6%)
Intestinal reanastomosis of intestinal leak 0 (0%) 10 (2.8%)
Control the bleeding intraoperatively by ligation of bleeding vessels 9 (33.3%) 6 (1.7%)
Repair of injury of Urinary bladder 0 (0%) 1(0.3%)
Repair of intestinal injury 0 (0%) 1(0.3%)
Controlled splenic injury by open splenectomy 0 (0%) 1(0.3%)
Intraoperative blood transfusion <.001*
Yes 10 37%) 10 (2.8%)
No 17 (63%) 353 (79.2%)

p < 0.05 are in bold

*Statistically significant
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Table 3 Postoperative data of anastomotic leak in the studied groups

Acute AL (n=27) No acute AL (n=363) P value
Postoperative hospital stay
7 days 3(11.1%) 316 (87.1%) <0.001*
>7 days 24 (88.9%) 47 (12.9%)
CD classification
Grade 0 0 (0%) 325 (89.5%) <0.001*
Grade [ 0 (0%) 12 (3.3%)
Grade 11 0 (0%) 5(1.4%)
Grade 111 20 (74.1%) 19 (5.2%)
Grade IV 7 (26%) 2 (0.6%)
Grades of postoperative anastomotic leak
Grade B leakage 3(11.1%) -
Grade c leakage 24 (88.9%) -
Time from surgery to leak
6th day 2 (7.4%) -
7th day 3(11.1%) -
8th day 7 (26%) -
9th day 4 (14.8%) -
10th day 5 (18.5%) -
11th day 2 (7.4%) -
12th day 3(11.1%) -
13th day 1 (3.7%) -
Forms of leak
Free leak 24 (88.9%) -
Contained leak 3(11.1%) -
Treatment of postoperative leak
Surgical intervention 24 (88.9%)
Broad spectrum antibiotic 4+ bowel rest 4+ percutaneous drainage 3(11.1%)
Outcomes of radiological drainage of the contained leak
Improvement 1(3.7%) -
Not improved, requiring surgery 2 (7.4%) -
The finding of a leak during the operation
Phlegmon bowel unable to reach anastomosis 7 (26%) -
Minor anastomosis defect(<1 cm) 14 (51.9%) -
Major anastomotic defect (>1 cm) 5 (18.5%) -
Dealing with leaks during operation
Drainage and proximal diversion 7 (26%) -
Repair, drainage, and proximal diversion 7 (26%) -
Resection of the anastomosis and redo anastomosis with proximal 12 (44.4%) -

diversion

p < 0.05 are in bold

*Statistically significant

Risk factors for postoperative leakage were
identified (Table 4)

Multivariate analysis showed that COVID-19 infection
(OR=176,95% CI 14.27-2172.57, p<0.001), serum
albumin <3 g% (OR=16.249, 95% CI 1.033-255.544,

p=0.04) were associated risk factors of postoperative AL,
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Table 4 Univariate and
multivariate logistic regression
analyses to predict postoperative
acute anastomotic leak

Univariate Multivariate

OR (95% CI) Pvalue OR (95% CI) P value
Age (years) 1.014 (1.014-1.1) 0.008 1.113 (0.968-1.280) 0.113
Sex 0.250 (0.074-0.847) 0.026 2.760 (0.310-24.575) 0.363
Smoker 14.146 (5.580-36.331)  <0.001 3.964 (0.563-27.932) 0.167
Active COVID-19 infection 337 (34.962-2583.32) <0.001 176 (14.27-2172.57)  <0.001*
Serum albumin < 3.5 g/dl 0.034 (0.014-0.084)  <0.001 16.249 (1.033-255.544) 0.04*
Emergency surgery 1.759 (0.228-13.546)  0.588 - -
Stage of the tumor 2.9 (1.178-7.559) 0.02 4.875 (0.815-19.144) 0.08
Size of the tumor 1.240 (1.029-1.493) 0.023* 1.121 (0.704-1.787) 0.63
type of surgery 0.992 (0.884-1.114) 0.897 - -
Laparoscopic approach 0.021 (0.006-0.072)  <0.001 0.032 (0.002-0.434) 0.01*
Splenic flexure mobilization 0.359 (0.162-0.798) 0.012 0.022 (0.003-4.844)  0.02*

IMV ligation

0.787 (0.358-1.728) 0.5 - -

p < 0.05 are in bold

IMV: Inferior mesenteric vessel; OR: Odds ratio; 95% CI: 95% confidence interval

*Significant P value

while the laparoscopic approach (OR=0.032, 95% CI
0.002-0.434, p=0.01) and splenic flexure mobilization
(OR=0.022, 95% CI 0.003—4.844, p=0.02) were
protective.

Discussion

This study investigated the updated incidence of acute AL
during and after the COVID-19 pandemic, focusing on
COVID-19 as a potential risk factor. The incidence of clini-
cally acute AL was 6.9% (27/390), which is consistent with
the reported studies between 0.8 and 26% [4—7]. The study
incidence of AL was considered the average, and most AL
developed within the first 10 days. Notably, 88.9% of the AL
cases required surgical re-intervention because of free leaks
with peritonitis. COVID-19 and hypoalbuminemia<3.5 g/
dl were independent risk factors for AL, whereas the lapa-
roscopic approach and splenic flexure mobilization were
protective factors.

Early identification of risk factors can predict acute AL
occurrence, and appropriate measures can be focused on
high-risk groups, thereby reducing AL. A previous system-
atic study showed no differences in AL before and during
COVID-19 [35]. However, this study did not evaluate AL
after the COVID-19 pandemic. In our multivariate analysis,
active COVID-19 was identified as a risk factor for AL.

Several etiologies may explain the relationship between
AL and COVID-19. COVID-19 causes a delay in the diagno-
sis and treatment of CRC, and subsequently, a higher tumor
stage and technically complex surgery. In this study, most
acute AL patients were stage III. However, our multivariate
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analysis failed to confirm a significant association between
tumor stage and acute AL, probably because of the small
sample size of acute AL.

Besides staging, COVID-19 directly damages the epithe-
lial cells lining the GI tract using its spike protein, damaging
the surrounding tissues, causing inflammation in the wall,
making the intestinal wall unhealthy, and further weakening
the anastomosis [36], disrupting various defense systems
that protect the GUT wall, including a thick mucus layer
[37], colonization resistance conferred by the gut micro-
biome [38], an epithelial layer with tight junctions, and
numerous host factors (immunoglobulin A, proteases, and
peptides) with protective functions [39], inhibits beneficial
bacteria, namely, Clostridia (butyric acid-producing bacte-
ria in the gut) [40], and releases many pro-inflammatory
cytokines that damage the microvascular system and ini-
tiate abnormal coagulation system activation. The result
will finally be small-vessel vasculitis and extensive micro-
thrombi (microangiopathy) [41]. All of these causes lead to
delayed anastomotic healing and a weak intestinal wall to
hold sutures or stapler closure of the intestinal anastomosis
with subsequent AL. We believe that it is crucial to consider
COVID-19 infection as a significant risk factor for AL.

Furthermore, at the beginning of the COVID-19 outbreak,
most societies warned about using minimal invasive surgery
(MIS) owing to the potential risk of aerosol viral transmis-
sion [42]. Laparoscopic surgery was associated with reduced
AL rates in this study, likely due to improved visualization,
minimal tissue trauma, and reinforcement of the anastomo-
sis, especially in low rectal resection, which supports previ-
ous findings [43, 44]. Open surgeries predominated in the AL
group, possibly reflecting a selection bias for high-risk cases
or pandemic-related shifts in practice. We believe that recent
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advancements in laparoscopic surgery and standardized surgi-
cal techniques have led to better pelvic exposure, which leads
to better bowel protection and enables conventional reinforce-
ment of the anastomosis, especially in low rectal resection.

In addition, patients undergoing colorectal surgery are
often malnourished. Our data showed that the incidence of
acute AL is higher in hypoalbuminemia < 3.5 g/dl and con-
firmed by multivariate analysis. Hypoalbuminemia causes
edema in the intestinal wall, interfering with anastomosis
and weakening the anastomosis. This result is consist-
ent with those of previous studies linking malnutrition to
impaired wound healing [45]. Significantly decreased albu-
min levels are common in severe COVID-19 [46]. Hypoal-
buminemia is a risk factor for postoperative ileus with bowel
distension and tension on the suture [47]. Preoperative
maximization of nutrition, preferably enteral nutrition, is
important to reduce the risk of malnutrition in malnourished
patients.

Furthermore, favorable blood perfusion is a critical
factor in anastomotic healing, as ischemia at the anasto-
motic site has been associated with AL [48]. We believe
that COVID-19 is associated with vasculitis, which inter-
feres with the blood supply to the colon [49]. We did not
routinely mobilize the splenic flexure during the colorectal
cancer surgery. However, our data showed that the incidence
of AL in patients with no mobilization of the splenic flex-
ure was, and multivariate data confirmed the protective risk
of splenic flexure mobilization against AL development.
These findings support the current literature, emphasizing
the importance of tension-free anastomoses with optimal
perfusion [50]. We recommend mobilization of the splenic
flexure during colorectal cancer surgery to induce tension-
free anastomosis and to reduce the risk of AL.

Limitations and strengths

This study has certain limitations. This was a retrospective
study; therefore, a selection bias was unavoidable. This mul-
ticenter trial included centers representative of academic and
public hospitals with an excessive overload of COVID-19
patients throughout the outbreak, which enhances generaliz-
ability. However, the AL sample in COVID-19 patients was
relatively small, which precludes the application of a more
robust statistical analysis with enhanced power. Therefore,
it is essential to conduct large-scale studies to obtain more
representative samples.

Conclusion
Postoperative AL during and after the COVID-19 pan-

demic did not increase above average. COVID-19 infec-
tion and hypoalbuminemia are critical risk factors, whereas

laparoscopic approaches and splenic flexure mobilization
offer protective benefits. These insights may guide the pre-
operative risk stratification and surgical planning.
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