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Abstract: Background: Anastomotic leakage (AL) is one of the most feared complications in colorectal
cancer (CRC) surgery. Although many series have reported the general risk factors for AL, published
studies focusing on ileocolic anastomosis are scarce. The main aim of this study was to identify
potential risk factors associated with ileocolic anastomosis dehiscence in surgery for CRC. Methods:
A total of 188 patients who underwent primary ileocolic anastomosis after elective CRC surgery in
Braga’s Hospital from November of 2018 to February of 2022 were included. A multivariate logistic
regression analysis was carried out to identify independent risk factors for AL. Results: AL occurred
in 13 patients (6.9%), and about three-fourths of these patients required surgical re-intervention. The
mortality rate was 5.3%. Diabetes mellitus, ASA score of ≥3, laparotomy or conversion to laparotomy
approach, postoperative blood transfusion, and postoperative hypoalbuminemia were associated
with an increased risk of AL. In the multivariable analysis, postoperative hypoalbuminemia (p = 0.018;
OR: 0.281; CI: 0.098; 0.806) and shorter operating time (p = 0.038; OR: 0.985; CI: 0.972; 0.999) were
independent risk factors for AL. Conclusions: Postoperative hypoalbuminemia and shorter operating
time are independent risk factors for AL after ileocolic anastomosis.
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1. Introduction

On a global level, colorectal cancer (CRC) is the third most common cancer in male and
female populations [1]. Considering that surgical treatment represents the only curative
option [2], CRC surgery accounts for a noteworthy proportion of all the surgical procedures
performed in general surgery.

Anastomotic leakage (AL) is one of the most feared complications in CRC surgery.
Despite improvements in surgical technique and perioperative care, AL still occurs and
is associated with a significant increase in 30-day morbimortality, length of hospital stay,
and associated costs [3–7]. Some studies have also showed the adverse effect of AL on
the late oncologic outcome in survivors, with a probability of a 5-year tumor-free survival
significantly worse for patients with AL [6].

In spite of being a serious, heavily studied complication, it has yet to be completely
understood. For instance, its incidence is not consensual among studies, varying from 1 [8]
to 15.9% [9], probably due to the lack of a validated and universal definition that surgeons
can agree upon [10], as well as confounding patient inclusion criteria.

There is a high prevalence of CRC located in the right colon; consequently, the on-
cologic right colectomy with ileocolic anastomosis is a common surgical procedure [11].
Although it is not the most common, AL after ileocolic anastomosis has been reported to
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be as high as 8.4% [12]. Regarding ileocolic anastomosis, most studies emphasize specific
surgical details, such as the difference between stapled and hand sewn anastomosis, with
divergent results. A Cochrane meta-analysis, including seven randomized trials and a
total of 1125 patients, concluded that stapled anastomosis had a lower AL rate compared
with hand-sewn anastomosis [13]. However, some recently published studies have shown
contradictory results [12,14–16], while others found no difference between the two [16].

Similarly, regarding other risk factors for AL after ileocolic anastomosis, substantial
results have been scarce. A prospective and multicenter study, including 1102 patients
that underwent elective right colectomy, identified only preoperative nutritional status
and the stapled anastomosis as independent risk factors for this complication [11]. More
recently, other variables, such as male sex, hypertension (HTN) [17], and diabetes mellitus
(DM) [14] have been suggested as possible factors associated with AL. Current smoking
habits [8,14,18], a poor nutritional status [8,11], and perioperative blood transfusions [8,17]
also seem to be variables associated with this complication.

Indeed, although there are numerous papers on this subject, the majority of the
studies included a mixed cohort of patients with different pathologies, as well as differ-
ent performed procedures. Depending on the type of anastomosis, the epidemiology,
pathophysiology, and its impact and prognosis are different, and therefore should be
studied independently.

Thus, the primary end point of this study was to identify the pre-, intra-, and post-
operative risk factors associated with AL after ileocolic anastomosis in elective CRC surgery.
The secondary end points included the assessment of the impact of AL on clinical manage-
ment, length of hospital stay, and the 30-day morbimortality rate.

The knowledge of these risk factors may influence and aid surgeons in optimizing
the preoperative management of well-known risk factors to tailor a surgical plan, as well
as to intensify the postoperative monitoring in high-risk patients [8]. Such measures
would hopefully reduce the incidence rate of this complication and allow early diagnosis
and anticipation of its treatment, resulting in better oncologic and overall outcomes for
these patients.

2. Results
2.1. Baseline Clinical and Preoperative Data

The patient demographic characteristics are shown in the Table 1, and their association
with AL is reported in Table 2.

Table 1. Patient demographic characteristics.

[Total] N = 188

Age (years) (Mdn, IQR) 73 (17)
Gender (n, %) Female 68 (36.2)

Male 120 (63.8)
ASA score (n, %) I 5 (2.7)

II 109 (58)
III 64 (34)
IV 10 (5.3)

COPD (n, %) No 178 (94.7)
Yes 10 (5.3)

DM (n, %) No 136 (72.3)
Yes 52 (27.7)

HTN (n, %) No 61 (32.4)
Yes 127 (67.6)

Smoking Habits (n, %) Non Smoker 163 (86.7)
Previous Smoker 9 (4.8)
Active Smoker 16 (8.5)

BMI (Mdn, IQR) 32.5 (72.8)
Obesity (body mass index ≥ 30)

(n, %)
No
Yes

125 (77.6)
36 (22.4)

ASA, American Society of Anesthesiologists; COPD, chronic obstructive pulmonary disease; DM, diabetes mellitus;
HTN, hypertension; BMI, body mass index; IQR, interquartile range; Mdn, median.
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Table 2. Association of baseline clinical and preoperative data with AL, expressed as number of
patients, n (%), or median (IQR).

NO AL AL Statistics Test p-Value

Gender (n, %) Fisher’s exact test >0.990
Female 63 (36.0) 5 (38.5)
Male 112 (64.0) 8 (61.5)

Age, years (Mdn, IQR) 73 (17) 77 (9) Mann–Whitney test 0.107
ASA score (n, %) Fisher’s exact test 0.046

I–II 107 (61.1) 7 (53.8)
III 61 (34.9) 3 (23.1)
≥IV 7 (4.0) 3 (23.1)

DM (n, %) Fisher’s exact test 0.009
No 131 (74.9) 5 (38.5)
Yes 44 (25.1) 8 (61.5)

COPD (n, %) Fisher’s exact test 0.520
No 166 (94.9) 12 (92.3)
Yes 9 (5.1) 1 (7.7)

Smoking habits (n, %) Fisher’s exact test 0.685
Non Smoker 152 (86.9) 11 (84.6)

Active Smoker/Previous Smoker 23 (13.1) 2 (15.4)
HTN (n, %) Fisher’s exact test 0.553

No 58 (33.1) 3 (23.1)
Yes 117 (66.9) 10 (76.9)

Obesity (n, %) Fisher’s exact test 0.685
No 117 (77.0) 8 (88.9)
Yes 35 (23.0) 1 (11.1)

Ca 19.9 (Mdn, IQR) 6.80 (14.40) 5.16 (6.74) Mann–Whitney test 0.655
CEA (Mdn, IQR) 1.70 (2.20) 2.30 (2.80) Mann–Whitney test 0.402

Albumin
4.20 (0.77) 4.0 (0.92) Mann–Whitney test 0.504(g/dL) (Mdn, IQR)

Total proteins (g/dL) (Mdn, IQR) 7.1 (0.7) 7.1 (1.45) Mann–Whitney test 0.413
Haemoglobin (g/dL) (Mdn, IQR) 12.6 (3.5) 10.9 (2.8) Mann–Whitney test 0.066

Glucose (g/dL) (Mdn, IQR) 105.5 (35) 117 (31) Mann–Whitney test 0.992
Blood transfusion (n, %) Fisher’s exact test >0.990

No 159 (90.9) 12 (92.3)
Yes 16 (9.1) 1 (7.7)

ASA, American Society of Anesthesiologists; COPD, chronic obstructive pulmonary disease; DM, diabetes mellitus;
HTN, hypertension; CEA, carcinoembryonic antigen; IQR, interquartile range; Mdn, median.

Of the 188 included patients, 120 (63.8%) were men, with a median age of 73 years;
22.4% of patients possessed a BMI in the obese category (BMI ≥ 30).

Of the preoperative medical conditions evaluated, HTN was the most common (67.6%),
followed by DM (27.7%), and CPOD (5.3%). Only DM showed a significant relationship
with AL (p = 0.009). Most patients exhibited an ASA score of II (58.0%) or III (34.0%). The
ASA score had a significant association with AL (p = 0.046), with the statistical difference
occurring in patients with a score ≥ IV, representing 23.1% of the AL group. None of the
remaining preoperative variables analyzed showed an association with the occurrence
of AL.

2.2. Surgical Procedure

The median operating time was 135 min, without a statistical difference between
patients with and without AL (p = 0.050).

Regarding the surgical approach, the most frequent was the laparoscopic approach
(86.7%). There was a 3.2% conversion rate to laparotomy surgery. Patients with a laparo-
tomy, or converted to a laparotomy approach, exhibited a significantly higher risk of AL
(53.8%), (p = 0.010).
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Suture reinforcement was performed in 127 patients (67.6%); however, there was no
difference (p = 0.553) between the two groups.

There was a very asymmetrical patient distribution noted in terms of anastomosis
performed. The majority of the anastomoses were the stapled (98.4%) and side to side
configurations (98.7%). Given the very few cases of handsewn and end-to-end anastomosis,
these variables were not compared in terms of AL risk. When we analyzed the group
with isoperistaltic Vs, anisoperistaltic (p = 0.163), and intracorporeal Vs, extracorporeal
(p > 0.990), there were no significant differences in either variable in terms of AL rates.

Surgical data and their association with AL are reported in Table 3.

Table 3. Association of surgical data with AL, expressed as number of patients, n (%), or median
(IQR).

NO AL AL Statistics Test p-Value

Operating time (min)
(Mdn, IQR) 140 (60) 120 (75) Mann–Whitney test 0.050

Surgical approach
(n, %) Fisher’s exact test 0.001

Laparoscopic 151 (86.3) 6 (46.2)
Laparotomy/Converted to laparotomy 24 (13.7) 7 (53.8)
Suture Reinforcement (n, %) Fisher’s exact test 0.553
No 58 (33.1) 3 (23.1)
Yes 117 (66.9) 10 (76.9)

IQR, interquartile range; Mdn, median.

2.3. Postoperative Findings

The most frequent tumor location was the ascending colon (60.1%), followed by the
transverse colon (18.1%), the hepatic flexure (13.8%), the caecum (5.3%), and the ileocecal
appendix (2.7%).

The majority of the operated tumors were in a TNM stage of II (39.3%), followed
by stage I (29.5%) and stage III (25.7%). Tumor location and TNM staging were similar
between the two groups in terms of AL occurrence.

Patients without AL had a significantly shorter hospital stay (4 days) compared with
those who had AL (11 days), (p = 0.001). Postoperative blood transfusions were required in
6 patients and were related to a higher risk of AL (p = 0.008).

The 30-day morbidity rate was 25.0%. The most frequent complication was AL (13 pa-
tients), with a median detection at 5 postoperative days. A total of 3 of the patients were
treated with antibiotics only (AL Grade B), while the remaining 10 (76.9%) required surgical
re-intervention (AL Grade C). According to the Clavien–Dindo Classification: 3 patients
required treatment grade II, 6 patients required treatment grade IIIb, 1 exhibited multiorgan
dysfunction (grade IV), and the remaining 3 had passed away at the 30-day mark (grade V).

The 30-day postoperative mortality rate was 5.3%, with a significant difference be-
tween the two groups in terms of AL occurrence (p = 0.024).

Postoperative findings and their association with AL are reported in Table 4.

Table 4. Postoperative findings and their association with AL, expressed as number of patients, n
(%), mean (SD), or median (IQR).

NO AL AL Statistics Test p-Value

Length of stay (days)
(Mdn, IQR) 4.00 (2) 11.00 (8) Mann–Whitney test <0.001

Blood transfusion
(n, %) Fisher’s exact test 0.005

No 172 (98.3) 10 (76.9)
Yes 3 (1.7) 3 (23.1)
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Table 4. Cont.

NO AL AL Statistics Test p-Value

Haemoglobin
(g/dL) (M, SD) 10.38 (1.91) 9.80 (2.17) t-test 0.294

Albumin
(g/dL) (M, SD) 3.34 (0.57) 2.96 (0.54) t-test 0.026

Total proteins
(g/dL) (M, SD) 5.67 (0.57) 5.51 (0.58) t-test 0.455

CRP (Mdn, IQR) 140.7 (107.8) 171 (111.30) Mann–Whitney test 0.07
Mortality (n, %) Fisher’s exact test 0.024
No 168 (96.0) 10 (76.9)
Yes 7 (4.0) 3 (23.1)

CRP, C-reactive protein; IQR, interquartile range; Mdn, median.

2.4. Association with AL

Multivariable logistics regression initially included all variables with a p value < 0.100.
The variables were introduced in the following hierarchical order (modifiable risk factors
followed by non-modifiable risk factors): postoperative albumin; preoperative hemoglobin,
postoperative transfusion; surgical approach; DM; ASA score; operating time; postopera-
tive CRP. From this first model, preoperative hemoglobin (p = 0.646), surgical approach
(p = 0.983), the ASA score (p = 0.201), and postoperative CRP (p = 0.700) were removed, as
they did not contribute to the model.

A second model was analyzed with the remaining variables. In this model, all vari-
ables made a statistically significant contribution; however, the variables postoperative
transfusion and DM exhibited an OR with a very large CI (p = 0.009; OR: 29.028; CI: 2.2334;
361.081), (p = 0.046; OR: 4.227; CI: 1.027; 17.399), respectively, and were therefore removed
from the model.

A third model was analyzed with the variables: postoperative albumin and operating
time. This model was statistically significant (X2 (2) = 10.07, p = 0.007), but only explained
16% of the AL variance (Nagelkerke R2 = 0.160). Both variables were independent risk
factors for AL: postoperative hypoalbuminemia (p = 0.018; OR: 0.281; CI: 0.098; 0.806)
and shorter operating time (p = 0.038; OR: 0.985 IC: 0.972; 0.999) (Table 5). In this model,
although the percentage of correctly classified cases was 90.2%, none of the AL cases were
correctly classified (specificity of 100%, and sensitivity of 0%).

Table 5. Multivariate analysis to identify independent risk factors for AL.

Multivariate

B S.E p-Value OR IC 95%

Operating time (min)
(Mdn, AIQ) −0.015 0.007 0.038 0.985 0.972;

0.999
Postop albumin (g/L)
(M, SD) −1.268 0.537 0.018 0.281 0.098;

0.806
IQR, interquartile range; Mdn, median; M, mean; SD, standard deviation.

A ROC curve was then created, using the model’s predictive probabilities. The area
under the curve (AUC) obtained was 0.795 (CI: 0.716; 0.860) (Figure 1). A cut-off point of
0.138 was chosen as the value that maximized both specificity and sensitivity. A second
analysis was performed using the new cut-off point, resulting in a model that could correctly
classify 84.2% of cases (with 75.0% sensitivity and 85.1% specificity).
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3. Materials and Methods

An observational, analytic, retrospective, and descriptive study was conducted. This
study used a non-random convenience sample, and several inclusion and exclusion criteria
were applied. The target population consisted of the patients submitted to primary ileo-
colic anastomosis after elective surgery for CRC, performed in Braga’s Hospital, between
November of 2018 and February of 2022.

The exclusion criteria were as follows:

• Patients undergoing to emergency surgery or surgical re-intervention;
• Patients with a non-cancer diagnosis (i.e., inflammatory bowel disease or diverticu-

lar disease);
• The presence of metastatic disease at diagnosis, or synchronous tumors in other locations;
• The presence of a diverting stoma or a tumor resection surgery, with no

ileocolic anastomosis;
• Insufficient information in the clinical process to determine the variables used in

the study.

According to these criteria, a sample size of 188 patients was obtained (Figure 2).

3.1. Data Collection

Data was collected through access to the informatics clinical processes in the Glintt—
Soluções Clínicas® and registered in a Microsoft Excel confidential document.
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Variables related to patient demographic data (gender, age, and body mass index);
presence of comorbidities, such as HTN, DM, or chronic obstructive pulmonary disease
(COPD); American Society of Anesthesiology (ASA) score; smoking habits; pre-operatory
data; value of hemoglobin, glucose, albumin, and serum protein levels; carcinoembryonic
antigen (CEA) and carbohydrate antigen 19.9 (CA 19.9); preoperative blood transfusions;
intra-operatory data; surgical procedures (such as ileocecal resection, right colectomy, and
extended right colectomy; open vs. laparoscopic approach; surgical anastomosis performed,
such as hand-sewn vs. stapled; side to side Vs, end to side; intra vs. extracorporeal; iso vs.
anisoperistaltic; reinforcement of sutures; duration of surgery; intraoperative complication
or unplanned event/finding and blood transfusions); and postoperative data, including
value of hemoglobin, C-reactive protein (CRP), albumin and serum protein levels; blood
transfusions; tumor location; and cancer staging were collected retrospectively.

The time for AL diagnosis, diagnostic criteria (clinical features, laboratory and imaging
tests), impact of AL on clinical management, length of hospital stay, and the overall 30-day
morbimortality were also registered.
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3.2. Definitions

AL was defined using the proposed consensus from the International Study Group of
Rectal Cancer (ISREC) in 2010 as a “communication between the intra and extraluminal
compartments owing to a defect of the integrity of the intestinal wall at the anastomo-
sis” [19–21]. Furthermore, a grading system was suggested, subdivided into three grades
of AL severity, according to its impact on clinical management [19–21]:

• Grade A: Corresponds to the definition of a “radiologic leakage”, used by several
authors. This grade of AL is not associated with clinical symptoms or abnormal
laboratory tests, and no active therapeutic intervention is required.
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• Grade B: Patient’s clinical condition requires an active therapeutic intervention, such
as the administration of antibiotics and/or radiologically guided drainage, that can be
managed without operative reintervention.

• Grade C: Patients are often quite ill and require operative re-laparotomy.

The diagnostic criteria for AL were based on clinical features such as abdominal pain
and distension, fever, signs of peritonitis or a purulent/fecal drainage from the wound or in
their drains, markedly increased parameters of infection (leukocytosis and/or an increase
in CRP), and imaging tests, in particular computed tomography, showing leakage of the
endoluminally administered contrast agent into the extra intestinal space via the suture or
staple line.

Tumor location was verified intraoperatively. Cancer staging was based on postopera-
tive histopathologic evaluation, with TNM grading.

Tobacco use was registered as non-smoker, active smoker, or previous smoker. Blood
transfusions were only registered as having occurred or not (number of units administered
was not collected).

The ASA score was collected and divided in three categories for statistical analysis,
considering the associated risk and the number of patients receiving each score: score of I
and II in the first category, score of III in the second, and scores ≥ IV in the third category.

The 30-day morbidity was registered according to the Clavien–Dindo Classification of
surgical complications [22].

3.3. Statistical Analysis

The statistical analysis was performed using the Statistical Package for Social Sciences
(SPSS®) version 22.0.

The normality of the distribution of continuous variables was assessed using the
Kolmogorov–Smirnov and the Shapiro–Wilk tests, skewness and kurtosis, and by analyzing
the graphics and histogram. Not all variables showed a normal distribution; therefore,
parametric and non-parametric tests were performed as needed. When normality was met,
group comparisons were performed using the independent samples t-test. Homogeneity of
variances was assessed using Levene’s test. The effect size reported was Cohen’s d. If the
variable did not follow a normal distribution, the Mann–Whitney test was performed, and
r was reported as effect size [23].

Categorical variables were compared with the Chi-squared test. If the percentage of
cells with an expected count bellow 5 was greater than 20%, the Fisher’s exact test was
performed. For effect size, when both variables were dichotomous, the Phi coefficient was
used. For variables with more than one category Cramer’s V was reported [24].

For continuous variables, measures of central tendency and dispersion are presented
as the mean and standard deviation, or median and interquartile range (if normality was
not met), whereas categorical variables are reported as the total number and percentage.

To determine the independent risk factors related with AL, a multivariate logistic
regression model was used. Variables with a p < 0.100 [25] in the univariate analysis were
included. Variables were introduced in hierarchical order (primarily, the modifiable, and
secondarily, the non-modifiable risk factors) and removed if they did not contribute to the
model. Additionally, considering the small sample size of the outcome, some variables
were removed when associated with a 95% confidence interval (CI) with a very large range.
To assess the model’s goodness of fit, the Hosmer and Lemeshow test was used. The
effect estimates are presented as odds ratio (OR), with 95% CI and two-sided p-values. A
receiver operating characteristic (ROC) curve was then performed to analyze the model’s
discriminative capacity. Statistical significance was defined at the level of p < 0.05.

3.4. Ethical Considerations

This project required the collection of confidential data regarding the patients included
in the sample. They were properly codified, and their anonymity is guaranteed.
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The study received the approval of all the necessary institutions: the Ethics Committee
for Health of Braga’s Hospital (protocol code: 76_2022; date of approval: 22 June 2022),
the Data Protection Office of Braga’s Hospital (protocol code: 20220057_CirGeral240522;
date of approval: 24 May 2022) and the Ethics Committee for Research in Life and Health
Sciences (protocol code: CEICVS 041/2022; date of approval: 6 June 2022).

4. Discussion

In this study the AL rate was 6.9%, within range of that described in the litera-
ture [11,13]. Similar to what has been reported in previous studies, the mortality rate was
5.3% and was significantly increased in patients with AL [8,14].

Analyzing the surgical technique is always important when considering anastomotic
failure. As verified in our study, in which 83.5% of surgeries were laparoscopic, cur-
rently, the laparoscopic approach is considered the standard of care in almost all CRC
surgeries [25,26], providing equivalent surgical [26,27] and long-term oncological outcomes
when compared to the laparotomy approach [28,29].

In terms of AL occurrence, most studies have reported similar rates between the two
approaches [30,31]. However, a recent study that included 25,097 patients experiencing
CRC surgery, after adjusted analysis and exclusion of emergency surgeries, reported that
patients who underwent laparotomy or conversion to laparotomy procedures had a two-
fold increase in the occurrence of AL and were more than 2 times more likely to die [32].
Another study, focused on right hemicolectomy, also reported the laparotomy approach
as an independent risk factor for AL [13]. This study revealed similar results, with a
higher rate of AL in laparotomy and conversion to laparotomy procedures compared to
the laparoscopic approach (p = 0.001) in univariate analysis. However, in the multivariate
logistics regression model, lost statistical significance. A plausible explanation for these
findings is that the surgeon’s choice of laparotomy approach may be a marker of operative
difficulty and therefore, enhance the risk of AL [13].

In our cohort, the majority of the laparoscopic surgeries exhibited an intracorporeal
anastomosis (78.2%). Despite its technical difficulty [33,34], this procedure has been in-
creasingly implemented in our institution, considering its safety [35,36] and the benefits
regarding postoperative outcomes, such as an early return of bowel function, a shorter
hospital stay, and better cosmetic results, in comparison with extracorporeal anastomo-
sis [33,34,37]. Nevertheless, no studies have been able to show the superiority of one of
these techniques in terms of AL occurrence [26,34,37,38]. Similarly, this study found no
significant differences between these two types of anastomosis. In terms of configura-
tion, isoperistaltic was the most performed (91.7% vs. 8.3% of anisoperistaltic), without
a statistical difference in AL risk. Our findings seem in accordance with those of a recent
randomized trial that found comparable results using both approaches regarding post-
operative complication rates. Nonetheless, it seemed that in the long term, patients with
an anisoperistaltic anastomosis had a shorter intestinal transit time and a non-statistically
significant tendency to increased chronic diarrhea [39].

The role of suture reinforcement in AL prevention has been conflicting [8,40,41]. In
this study, anastomosis with reinforced sutures were not associated with significantly less
AL. Our results are in agreement with a European Society of Coloproctology snapshot
study that included 1347 patients undergoing right hemicolectomy or ileocolic resection,
in which no differences in the oversewing of the anastomotic staple lines were found, in
terms of reducing leak rates [40]. However these results are in contrast with a recently
published study which showed that suture oversewing as anastomotic reinforcement
was an independent protective factor for AL [8]. In the mentioned study, anastomotic
reinforcement was defined as a seromuscular oversewing suture, either with a running
suture or interrupted inverting stiches on the serosal layer of the entire anastomotic line.
The results obtained showed a significant decrease in AL rate, as well as in severe AL
(grade C). In this study, suture reinforcement was performed with running sutures, either
using barbed or traditional sutures. Given the retrospective nature of this study, the type
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of suture reinforcement performed was chosen according to the surgeon’s preference, so
it was not standardized, making the comparison of our results with those of the previous
study less accurate.

Operating time has also been described to impact the occurrence of AL. A prolonged
operating time has been related to the occurrence of AL [42]. However, in this study, we
found contradicting results, with a shorter operating time being an independent risk factor
for AL. Further studies should be conducted, with more complete operative records and
more detailed operative times, in order to understand its true impact on the occurrence of
this complication.

Perioperative variables have also been suggested as potential risk factors for AL. In
this study, 52 patients had a previous diagnoses of DM. In the univariate analysis, there
was an association between these patients and the occurrence of AL (p = 0.009). In the
multivariate analysis, significance was maintained, but with an OR with a very large 95%
CI range, and it was therefore removed from the model. A recent study focused on right
hemicolectomy also found an association of AL with DM in the univariate and multivariate
analysis. Similar to this study, in the multivariate analysis, the 95% CI reported was between
2.23 and 15.90, resulting in a need to interpret these results with caution [14].

Regarding postoperative variables, blood transfusions after CRC resections have been
associated with AL and postoperative infections in a number of studies. This association
is thought to be related to the immunosuppression effect caused by homologous blood
transfusions [43–47]. In addition, severe postoperative anemia may lead to tissue hypoxia
and, consequently, impair the anastomotic healing process [8]. This study is in agreement
with previous findings, suggesting that the possible detrimental effect of blood transfu-
sions is only a factor in intra- or postoperative transfusions [46,48]. Postoperative blood
transfusions were associated with AL in the univariate analysis, but also in multivariate
analysis, although with an OR with a very large CI range.

Serum albumin levels, as well as other hepatic proteins, correlate to the patient’s
nutritional status and are indicators of risk for morbimortality in recovery from acute
and chronic disease [49,50]. In major gastrointestinal surgery and CRC surgery, hypoal-
buminemia has been associated with postoperative complications, in particular with the
occurrence of AL [8,51–55]. While the exact pathophysiology by which low albumin levels
can affect the correct healing of anastomosis is not fully understood, studies on experi-
mental colonic anastomosis demonstrated an association with decreased collagen content,
decreased values of tensile strength, and lower bursting pressures [56–58].

Postoperative hypoalbuminemia was significantly associated with AL in both the
uni- and multivariate analysis. Note that in our institution, the postoperative levels of
albumin were not routinely requested, with some patient’s showing missing information
regarding this variable (53/188 patients), which could have impacted the observed results.
In agreement with this study, Shimura et al. found only postoperative hypoalbuminemia to
be significantly associated with AL [59]. The authors considered the low number of patients
afflicted with advanced CRC with distant metastasis, or cancer cachexia (that would result
in pre-operative hypoalbuminemia) in their cohort as a possible explanation for the absence
of a relationship between AL and preoperative albumin levels. This explanation is also
plausible to justify our results, since the majority of our patients possessed tumors at earlier
stages (74.3% of the patients in our cohort had a TNM score ≤ 2).

One of the limitations of this study is its retrospective nature. This affected data
collection, as most patients did not have information available for all the variables included
in the study. A prospective study would increase the amount of information accessible for
each variable and allow for a standardization of the surgical procedures being analyzed,
contributing to more reliable and accurate results and allowing for future comparison
with other studies. Another limitation was the single-center design. The sample size
was relatively small, especially for the AL subgroup. This may explain why relatively
consensual risk factors for ileocolic AL were not significant in the group comparison
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analysis. This also affected the number of variables that could be included and their
possible significance in the multivariate regression model.

One of the strengths of this study was the rigorous exclusion criteria. By applying the
exclusion criteria (mentioned in Materials and Methods section), we were able to eliminate
potential confounding elements that could have affected the ability of the study to identify
independent AL risk factors. Therefore, further studies should be conducted prospectively
with larger samples, while maintaining stringent exclusion criteria in order to draw more
accurate conclusions.

5. Conclusions

AL is one of the most devastating complications in CRC surgery, with serious impacts
on morbidity and mortality.

Early diagnosis and prevention of AL based on the reliable identification of risk factors
is and crucial. In this study, shorter operating time and postoperative hypoalbuminemia
were independent risk factors for ileocolic anastomosis dehiscence.

Future studies should be performed, focusing on AL after ileocolic anastomosis in
surgery for CRC, with larger sample sizes and standardized protocols. The continuation
of research in this area, with a better understanding of the risk factors involved and their
pathophysiology, could potentially improve the outcome of patients with AL, and hopefully
reduce its occurrence.
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