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a b s t r a c t

Background: Anastomotic leak (AL) after ileocolic anastomosis influences morbidity, mortality, length of
hospitalization and costs. This study analyzes risk and protective factors for AL on ileocolic anastomoses.
Methods: We retrospectively analyzed our single institution patients' series undergoing elective ileocolic
anastomosis for AL between 1/2008-12/2017. AL grade A/B (antibiotic treatment and/or radiological
drainage) were summarized as mild, grade C (surgical re-intervention) corresponds to severe AL.
Results: We included 470 patients (mean age 70.8 years, 43.2% females). Overall AL rate was 9.4% (44
patients) with 6.0% severe and 3.4% mild AL. There was no difference in AL between hand sewn and
stapled anastomoses. Multivariate analysis revealed preoperative serum albumin (p¼ 0.004), smoking
habits (p¼ 0.005) and perioperative blood transfusion (p¼ 0.038) as risk factors for AL. Suture over-
sewing as anastomotic reinforcement resulted as independent protective factor (p< 0.001).
Conclusion: Poor nutritional status, smoking habits and perioperative blood transfusion are negative
factors influencing on AL. Suture oversewing as anastomotic reinforcement associates with significantly
less AL.

© 2019 Elsevier Inc. All rights reserved.
Introduction

Anastomotic leak (AL) after colorectal surgery is the most
devastating complication. The huge range of its incidence
(1e15.9%)1e4 depends in part on the height of the anastomosis,5,6

but also on the lack of standard definitions and confounding pa-
tients' inclusion criteria. Anastomotic failure is the main cause of
increased morbidity, mortality, length of hospitalization and higher
costs.1 Reoperation constructing a temporary or definitive stoma is
often necessary, affecting patients’ quality of life,2 increases mor-
tality and seems to impair long-term oncological outcomes.3,7

Despite compliance with surgical principles of tension-free tissue
approximation and a correct blood supply of the anastomosis, the
incidence of AL is still high. Several factors have been identified that
influence AL rate, however confusion exists due to differences of
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colon and rectal resections.4 AL rates after rectal resection are
higher than in colon surgery, therefore results obtained in mixed
cohorts always confirm the known risk factors for AL after rectal
surgery,5 but underestimate risk factors specific in colonic anasto-
moses. To date there is still scarce evidence on risk factors for AL
after colonic surgery and even less evidence in protective factors.
Identifying patients with factors known as high-risk for AL could
help surgeons to optimize preoperative treatment, to tailor surgical
strategy and/or to intensify the postoperative monitoring. The
primary aim of this study was to identify pre-, peri- and post-
operative risk and protective factors for AL after elective ileocecal
resection, right and extended right colectomy with ileocolic anas-
tomosis. Secondary objectives were to describe the influence of AL
on the need for reoperation, length of hospital stay and mortality.
Methods

Study population

This observational study retrospectively analyzes all patients
who underwent a primary ileocolic anastomosis after ileocecal
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resection, right and extended right colectomy for cancer at the
University Hospital of Bellvitge between January 2008 and
December 2017. All patients' charts were reviewed for AL within 90
postoperative days. Data were prospectively entered into our
colorectal unit database and then retrospectively revised. Inclusion
criteria were: diagnosis of colon cancer, surgery in an elective
setting with any applied hand sewn or stapled anastomosis in pa-
tients of any ASA (American Society of Anesthesiologists) grade (I-
IV). Exclusion criteria were emergency surgery, diagnosis different
from cancer, resection without anastomosis, multivisceral resec-
tion, creation of a temporary loop-ileostomy, palliative surgery and
performance of an ileocolic anastomosis during a re-intervention
due to a complicated postoperative course.

Bowel preparation consisted in all cases in light diet and an
enema the night before surgery. All patients were given preoper-
ative antibiotic prophylaxis with a cephalosporin (or ciprofloxacin
in case of cephalosporin allergy) and metronidazole. Perioperative
treatment (progressive diet introduction, deep vein thrombosis
prophylaxis with a lowmolecular weight heparin) was the same for
all patients; a standardized ERAS program (Enhanced Recovery
After Surgery) including prehabilitation was established after the
study period. Perioperative period includes one preoperative day,
the day of surgery and the first postoperative day. After hospital
discharge, all patients were followed at our outpatient center.

Definition and categories of AL

AL is defined as recommended by the International Study Group
of Rectal Cancer as “a defect of the intestinal wall at the anastomotic
site, leading to a communication between the intra and the extra-
luminal compartments”.8 Clinical suspicion of AL included
abdominal tenderness, septicemia, or evidence of gas or fecal
discharge from the drainage. Routine radiological imaging was not
performed postoperatively unless AL was suspected. In that case, a
computed tomography or an enema with hydro-soluble contrast
was done. Patients with AL were divided into the three grades (A, B
and C), described by Rahbari et al.8 according to the severity of the
leakage and the therapeutic management. For analysis, we sum-
marized grade A þ B as clinically mild and grade C as severe.

- Severe AL: patients who needed surgical treatment due to
sepsis or peritonitis (Grade C);

- Mild AL: patients with perianastomotic localized collection
treated only with antibiotic therapy and/or radiologically (ul-
trasound or computed tomography) guided drainage (Grade A
and B).
Data collection

The colorectal surgery unit runs a prospective clinical database
of all colorectal patients. Variables entered in the database
comprise patient’s demographic data, smoking habits (no smokers,
smokers and ex-smokers - patients who quit smoking at least 2
months before surgery), comorbidities and history of immuno-
suppression (immunosuppressive medication, non-intestinal
active malignancy, end-stage renal failure, chronic corticosteroid
treatment, congenital or acquired immunodeficiency). Patient’s
pre-operative data (ASA, BMI -body mass index-, serum albumin
and hemoglobin level), diagnosis (colon cancer, inflammatory
bowel disease, unresectable polyps, bowel occlusion or ischemia,
localized peritonitis due to perforation after diverticulitis or colo-
noscopy, intestinal fistula and appendicopathy), tumor localization
and type of surgery (ileocecal resection, right colectomy and
extended right colectomy) were also prospectively registered. All
patients received an extracorporeal ileocolic anastomosis, also in
case of a laparoscopic approach. The type of anastomosis was
decided by the operating surgeon: stapled, linear side-to-side or
circular end-to-side with closure of the colon with a linear stapler;
handsewn, side-to-side or end-to-side either as continuous suture
or with interrupted stitches. Anastomotic reinforcement is defined
as seromuscular oversewing suture either with a running suture or
interrupted inverting stitches on the serosal layer of the entire
anastomotic line.

We analyzed perioperative data (serum albumin, need of vaso-
active drugs, blood transfusion) and postoperative data (time to the
detection of AL, length of hospital stay, need for re-intervention,
postoperative mortality) in relation to AL. Furthermore, we
analyzed if there was a correlation between these variables and the
severity of AL studying their influence on the severe and mild AL
groups.

Statistical analysis

Quantitative data are presented as mean and standard deviation
or median and interquartile range. Differences between groups
were evaluated using parametric or non-parametric tests as
appropriate. Qualitative variables were analyzed using the Chi-
Square test. Quantitative variables were analyzed using ANOVA or
Kruskal-Wallis test to compare more than 2 groups and T-student
or Mann-Whitney U test to compare two groups. A multivariate
logistic regression was performed to study AL. All variables which
turned out to be significant in the univariate analysis were checked
in themultivariate logistic regressionmodel. The statistical analysis
was performed using Software R 3.6 (R Foundation for Statistical
Computing, Vienna, Austria). Statistical significance was set at a p-
value of <0.05.

Results

Patients' inclusion

The database search identified 824 patients undergoing any
kind of ileocecal, right or extended right colectomy for various in-
dications between 2008 and 2017. Three hundred fifty-four pa-
tients were excluded. Reasons for exclusion are reported in Fig. 1. A
total of 470 consecutive patients, 203 women and 267 men, with a
mean age of 70.8 years, were included in the study (Fig. 1). All
analyzed patients underwent elective surgery with a confirmed
pathological result of colon cancer. The pre-operative demographic
characteristics of these patients are described in Table 1.

Surgical procedure

Standard right colectomywas the most frequent type of surgery,
whereas extended right colectomy was performed in 57 patients
(12.1%) and ileocecal resection in 13 patients (2.7%). A hand sewn
anastomosis was performed in 234 patients (49.8%) whilst a stapled
in 236 patients (50.2%). The median operating time was 178min,
without a statistical difference (p¼ 0.105) between patients
without AL (180min), mild (162min) or severe (157min) AL.

From 2011 on, a second seromuscular oversewing suture as
reinforcement of the entire anastomosis was introduced and per-
formed with increasing frequency until 2017. This oversewing su-
ture reinforcement in any kind of ileocolic anastomosis was
progressively applied by all surgeons of the colorectal unit covering
at least 94% of all ileocolic anastomoses in the last three years of the
study with a total of 268 patients (57.0%). Suture oversewing
reinforcement consisted in a running suture (104 patients) or
interrupted inverting stitches (164 patients). All intraoperative



Fig. 1. Flow Chart of all eligible patients according to their evolution.

Table 1
Demographic data of patients with colonic cancer included in the analysis; Data are
expressed as number of patients, n (%) or mean (SD).

[Total] n¼ 470

Gender
Female 203 (43.2%)
Male 267 (56.8%)

Age (years) 70.8 (10.5)
ASA score

I 5 (1.0%)
II 222 (47.2%)
III 227 (48.3%)
IV 16 (3.5%)

Diabetes mellitus
No 348 (74.0%)
Yes 122 (26.0%)

Chronic Obstructive Pulmonary Disease
No 370 (78.7%)
Yes 95 (20.3%)
Not known 5 (1.0%)

Smoking habits
Smoker/Ex-Smoker 224 (47.7%)
No Smoker 243 (51.7%)
Not known 3 (0.6%)

Chronic corticosteroid use
No 432 (91.9%)
Yes 32 (6.8%)
Not known 6 (1.3%)

Preoperative albumin (g/l) 40.1 (5.53)

ASA: American Society of Anesthesiologists.
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technical data are detailed in Table 2.
AL rates

In the study period, the overall AL rate was 9.4% with 3.4% in the
mild group and 6.0% in the severe group. The number of overall
anastomotic leaks decreased from 2008 (15.8%) to 2017 (5.4%).
Fig. 2 shows the reduction in overall and severe AL rate related to
the reinforcement of the anastomosis, significant both in the uni-
variate (p< 0.001, Table 2) and multivariate (p< 0.001, Table 4)
analysis. The incidence of severe andmild AL dropped in 2017 to 0%
and 5.4%, respectively. Reinforcement did not show any discrimi-
nant relation tomild or severe AL (Table 5). Themean time to detect
a mild AL was 11.0 days postoperatively, severe AL was detected
four days earlier (7th day, p¼ 0.028).
Postoperative findings

The median length of postoperative hospital stay was 12.8 days.
Postoperative blood transfusionwas required overall in 95 patients.
In patients without AL, necessity of postoperative blood trans-
fusion, vasoactive drug therapy and the length of hospital stay was
less than in the AL group; subgroup analysis revealed the same for
mild versus severe AL. The postoperative mortality rate (14 pa-
tients: 9 for respiratory complications, 2 for cardiovascular failure
and 3 due to multiorgan failure related to septic shock) was
significantly lower in the group without AL and increased accord-
ingly to mild and severe AL (Table 3)



Table 2
Univariate analysis on the association of surgical details with anastomotic leak (mild and severe) in all elective procedures for colonic cancer. Data are expressed as number of
patients, n (%) or mean (SD).

[TOTAL] n¼470 No AL
n¼426 (90.6%)

Mild AL
n¼16 (3.4%)

Severe AL
n¼28 (6.0%)

p-valuea

Type of surgery 0.805
Ileocecal resection 13 (2.8%) 13 (100%) 0 (0%) 0 (0%)
Right colectomy 400 (85.1%) 363 (90.8%) 14 (3.5%) 23 (5.7%)
Extended right colectomy 57 (12.1%) 50 (87.7%) 2 (3.5%) 5 (8.8%)

Operating time (minutes) 178 (63.1) 180 (64.4) 162 (40.4) 157 (47.6) 0.105b

Anastomosis technique 0.447
Manual (hand-sewn) 234 (49.8%) 216 (92.3%) 7 (3.0%) 11 (4.7%)
Stapled 236 (50.2%) 210 (89.0%) 9 (3.8%) 17 (7.2%)

Type of anastomosis 0.716
Side-to-side manual 211 (44.9%) 195 (92.5%) 6 (2.8%) 10 (4.7%)
Side-to-side stapled 118 (25.1%) 106 (89.8%) 7 (6.0%) 5 (4.2%)
End-to-side stapled 118 (25.1%) 104 (88.1%) 2 (1.7%) 12 (10.2%)
End-to-side manual 23 (4.9%) 21 (91.4%) 1 (4.3%) 1 (4.3%)

Reinforcement <0.001
No 202 (43.0%) 172 (85.1%) 9 (4.5%) 21 (10.4%)
Yes 268 (57.0%) 254 (94.8%) 7 (2.6%) 7 (2.6%)

AL: anastomotic leakage
a chi-squared test.
b Anova Test
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Factors, related to AL

Table 4 shows the univariate and multivariate analysis of vari-
ables associated with AL. In the univariate analysis COPD, smoking
habits and preoperative serum albumin were patient-specific fac-
tors associated with AL. Perioperative factors, associated with AL
were: operating time, perioperative blood transfusion and anas-
tomotic reinforcement.

Multivariate analysis showed current or past smoking habits,
value of preoperative serum albumin, perioperative blood trans-
fusion and anastomotic reinforcement as independent factors
associated with AL. In contrast, history of COPD and operating time
lost their statistical significance. AL neither was related to the type
of surgery nor to the anastomotic technique (manual versus sta-
pled), nor to the type of anastomosis performed (linear stapled
side-to-side, circular stapled end-to-side, hand sewn side-to-side
or end-to-side).

Factors showing significance for AL in the multivariate analysis
were tested for an association to severe versus mild AL. This anal-
ysis could not detect an association of the identified risk factors
with the severity (mild or severe) of AL (Table 5).

Discussion

Analysis of factors related to AL in ileocolic anastomoses showed
that serum albumin level smoking habits and perioperative blood
transfusion, independently influence AL. In addition, reinforcement
of the entire anastomosis either with single seromuscular inter-
rupted stitches or a continuous oversewing suture proved to be a
protective factor significantly reducing AL rates.

The incidence of AL in colorectal surgery differs largely between
series.5,9e11 We found a globally elevated AL rate of 9.4% which is
higher than previously described.10,12e14 Due to the inconsistency
of AL definition and the time of diagnosis, studies may underesti-
mate AL rates.15 This study includes all AL detected within 90
postoperative days. Moreover, this study considers not only the
clinically evident grade C anastomotic leakage but also a contained
collection adjacent to the anastomosis (grade A þ B).8 As to elimi-
nate confounding factors, we decided to exclude from analysis
cases of surgery in the emergency setting16,17 that could have
reduced the study's power in identifying risks factors for AL and we
focused our attention on patients treated for colonic cancer in an
elective setting.18

Recently, ileocolic anastomoses have been shown to have a
higher risk of AL compared to other sites of an intestinal
anastomosis.15e18 Segelman et al.18 found a 13.2% of AL after ileo-
colic (sigmoid or rectum) anastomosis, explaining this result as
possible consequence of the altered perfusion of the remaining
colon. Hyman et al.15 discussed the role of the terminal ileum:
despite the fact that the ileum is usually well perfused and free of
tension, it may has “too narrow and/or thin walls” for stapler
placement. Another possible explanation could be that in high
volume and University Hospitals, experienced surgeons usually
perform a primary anastomosis also in sub-optimal conditions
challenging ileocolic anastomoses more than colorectal ones,
frequently covered by a diverting stoma.17

Technique is obviously a crucial point when analyzing anasto-
motic failure. Recently various studies on AL rates have been pub-
lished, but results are diverse regarding the role of technique.

The present study did neither find significant differences be-
tween hand sewn and stapled anastomoses nor in the subgroup
analysis of the different ileocolic anastomotic techniques applied.
The ESCP snapshot study on ileocolic anastomoses identified in the
adjusted analysis stapled anastomosis to be at higher risk of AL than
the hand sewn.19 However, focusing on inflammatory bowel dis-
ease, there was no difference between the two techniques.20 A
recent Swedish population based study found also a significant
higher AL in stapled ileocolic anastomoses than in hand sewn
ones.21 On the other side, a Cochrane review on ileocolic anasto-
moses found stapled anastomoses associated with significantly
fewer AL.22 A recent multicenter Spanish study confirms the results
from this study for ileocolic anastomoses showing no differences in
AL between hand sewn (8.0%) and stapled techniques (8.9%,
p¼ 0.46).10

Perioperative variables are considered as potential risk factors
for AL. An altered albumin synthesis correlates with sepsis,
inflammation and malnutrition as a known risk factor for AL.23

Preoperative nutritional status, expressed as serum albumin level,
is important in the proliferative and remodelling phase of the
healing process, influencing collagen synthesis and fibroblast pro-
liferation.24e26 Our findings aline with studies on low overall pro-
tein levels as a possible risk factor for AL.10,21,25,26

In the present series, perioperative blood transfusion was also
identified as independent risk factor for AL and in line with



Fig. 2. Reduction of overall AL (dotted green line) and severe AL (dotted blue line) related to suture oversewing reinforcement (orange) over the study period in relation to the first
year of the study (%). (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)
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previous studies.27 Clear reasons explaining this association are not
completely known: preoperative anemia or loss of blood requiring
blood transfusionmay be correlatedwith hypoxia and hypovolemia
undermining the anastomotic healing process.28 Also immuno-
suppressive effects in the context of blood transfusion could impair
the recently performed anastomosis.29

Current or past smoking habits showed also significant corre-
lation to AL. As shown in other studies, tobacco use is a risk factor
for AL due to various nicotine-related mechanisms.9 Vasoconstric-
tion with reduced perfusion, decreased tissue oxygenation and
micro-thromboses caused by enhanced platelet adhesiveness may
are relevant pathomechanisms.30 Our findings, supported by pre-
vious literature results,9,30 suggest that patients with active or
recent smoking habits should be informed about the increased risk
of AL.

The most remarkable finding of this study, however, is the AL
protective effect of sero-muscular oversewing reinforcement of the
anastomosis as either continuous suture or interrupted stiches
(Tables 2 and 4, Fig. 2). The gastrointestinal (anastomotic) healing
process has particular characteristics31; involving specific collagen
subtypes, the gastrointestinal microbioma,32 and especially the
serosal layer strengthening the wound, are important factors.



Table 3
Univariate analysis on the association of postoperative data with anastomotic leak (mild or severe). Data are expressed as number of patients’ n (%) or mean (SD).

[TOTAL]
n¼470

No AL
n¼426

Mild AL
n¼16

Severe AL
n¼28

p-valuea

Length of stay (days) 12.8 (12.1) 10.9 (8.7) 26.1 (17.2) 34.8 (23.1) <0.001 b

Postoperative blood transfusion <0.001
No 359 (76.4%) 348 (81.7%) 7 (43.8%) 4 (14.3%)
Yes 95 (20.2%) 63 (14.8%) 8 (50.0%) 24 (85.7%)
Not known 16 (3.4%) 15 (3.5%) 1 (6.2%) 0 (0.0%)
Postop AL detection (days) 8.5 (5.7) 11.0 (6.9) 7.07 (4.5) 0.028 $
Postop albumin (g/l) 33.5 (48.7) 34.2 (51.3) 28.6 (3.8) 26.0 (5.07) 0.647
Need for vasoactive drug treatment <0.001
No 418 (88.9%) 401 (94.1%) 12 (75.0%) 5 (17.9%)
Sí 41 (8.7%) 15 (3.5%) 3 (18.8%) 23 (82.1%)
Not known 11 (2.4%) 10 (2.4%) 1 (6.2%) 0
Mortality <0.001
No 456 (97.0%) 421 (98.8%) 15 (93.8%) 20 (71.4%)
Yes 14 (3.0%) 5 (1.2%) 1 (6.2%) 8 (28.6%)

AL: anastomotic leakage.
a chi-squared test.
b Anova Test. $ Student's t-test

Table 4
Univariate and multivariate analysis to identify Independent Risk Factors for overall AL (Logistic Regression). Association of demographic characteristics and surgical details
with anastomotic leak (overall). Data are expressed as number of patients’ n (%) or mean (SD).

Univariate Multivariate

No AL N¼ 426 AL N¼ 44 OR CI95% p-value* OR CI95% p-value**

Gender NS
Female 185 (91.1%) 18 (8.9%) Ref. Ref.
Male 241 (90.3%) 26 (9.7%) 1.11 [0.59; 2.12] 0.756

Age, years 60.6 (10.6) 72.5 (9.3) 1.02 [0.99; 1.05] 0.256 NS
ASA NS
I-II 209 (92.1%) 18 (7.93%) Ref. Ref.
III 204 (89.9%) 23 (10.1%) 1.31 [0.68; 2.53] 0.419
IV 13 (81.2%) 3 (18.8%) 2.75 [0.56; 9.72] 0.187

Diabetes mellitus NS
No 312 (89.7%) 36 (10.3%) Ref. Ref.
Yes 110 (94.0%) 7 (6.0%) 0.56 [0.22; 1.23] 0.158

Chronic Obstructive Pulmonary Disease NS
No 343 (92.7%) 27 (7.3%) Ref. Ref.
Yes 78 (82.1%) 17 (17.9%) 2.77 [1.41; 5.31] 0.004

Smoking habits
No Smoker 228 (93.8%) 15 (6.2%) Ref. Ref. Ref. Ref.
Smoker/Ex-Smoker 195 (87.1%) 29 (12.9%) 2.25 [1.18; 4.43] 0.013 2.652 (1.37; 5.34) 0.005

Chronic corticosteroid use NS
No 390 (90.3%) 42 (9.7%) Ref. Ref.
Yes 30 (93.8%) 2 (6.2%) 0.66 [0.10; 2.32] 0.566

Preop albumin (g/dl) 40.3 (5.4) 37.7 (5.6) 0.93 [0.88; 0.98] 0.004 0.927 (0.88; 0.97) 0.004
Perioperative blood trasfusion
No 378 (92.4%) 31 (7.58%) Ref. Ref. Ref. Ref.
Yes 48 (78.7%) 13 (21.3%) 3.31 [1.57; 6.67] 0.002 2.252 (1.02; 4.77) 0.038

Type of Surgery NS
Ileocecal resection 13 (100%) 0 (0.0%) e e

Right colectomy 363 (90.8%) 37 (9.2%) Ref. Ref.
Extended right colectomy 50 (87.7%) 7 (12.3%) 1.39 [0.54; 3.14] 0.466

Operating time (min) 180 (64.4) 159 (44.7) 0.99 [0.99; 1.00] 0.034 NS
Anastomosis technique NS
Manual (hand-sewn) 216 (92.3%) 18 (7.7%) Ref. Ref.
Stapled 210 (89.0%) 26 (11.0%) 1.48 [0.79; 2.83] 0.221

Type of anastomosis NS
Side to side manual 195 (92.4%) 16 (7.6%) Ref. Ref.
Side to side stapled 106 (89.8%) 12 (10.2%) 1.38 [0.61; 3.04] 0.427
End to side stapled 104 (88.1%) 14 (11.9%) 1.64 [0.76; 3.52] 0.207
End to side manual 21 (91.3%) 2 (8.7%) 1.23 [0.17; 4.81] 0.802

Reinforcement
No 172 (85.1%) 30 (14.9%) Ref. Ref. Ref. Ref.
Yes 254 (94.8%) 14 (5.2%) 0.32 [0.16; 0.61] < 0.001 0.294 (0.14; 0.57) < 0.001

**Wald’s Test.
AL: anastomotic leakage.
OR: Odds ratio.
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Table 5
Association of the identified risk factors with the severity of the anastomotic leakage (mild and severe). Data are expressed as number of patients’ n (%) or mean (SD).

Mild AL n¼ 16 Severe AL n¼ 28 p-valuea

Chronic Obstructive Pulmonary Disease 0.279
No 12 (44.4%) 15 (55.6%)
Yes 4 (23.5%) 13 (76.5%)

Smoking habits 0.176
No Smoker 8 (53.3%) 7 (46.7%)
Smoker/Ex-Smoker 8 (27.6%) 21 (72.4%)

Preop albumin (g/dL) 38.8 (3.7) 37.1 (6.4) 0.300 $
Perioperative blood transfusion 0.738
No 12 (38.7%) 19 (61.3%)
Yes 4 (30.8%) 9 (69.2%)

Reinforcement 0.343
No 9 (30.0%) 34 (70.0%)
Yes 7 (50.0%) 7 (50.0%)

AL: anastomotic leakage.
a chi-squared test. $ Student’s t-test.
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In recent years suture line reinforcement products have been
developed to improve anastomotic healing outcomes.33 Bio-
absorbable (fibrin glue)34 and semiabsorbable (bovine pericardial
patches)35 products have been studied, particularly in obesity
surgery. None of these could demonstrate to be a protective factor
to prevent AL. Also autologous patches like an omentum flap have
been used as a buttressing agent. Analyzing a population of 112
colorectal patients, Tocchi et al. obtained less AL in the omento-
plasty group (3.8% vs 11.8% of AL).36

In our series, a sero-muscular reinforcement with serosal
approximation of the anastomosis decreased significantly AL rates.
More importantly, the more ileocolic anastomoses were reinforced
the less severe AL rates (grade C) were seen (Fig. 2). In 2008, 63
patients underwent an ileocolic anastomosis, without any patient
receiving reinforcement and the AL rate was 15.8% (30.8% of which
were radiologically documented collections successfully treated
with antibiotics). Due to the high AL rate reported in 2008, the chief
of the colorectal surgery department (S.B.) suggested to all sur-
geons of the department a seromuscular oversewing suture rein-
forcement of the ileocolic anastomosis with an institutional
standardized technique as either running suture or interrupted
inverting stitches on the serosal layer of the entire anastomotic line.
Three surgeons of the colorectal unit started to implement this
technique and due to the progressive reduction of the AL rate, this
easy applicable technique is now widely implemented and
accepted within the department of surgery for any kind of ileocolic
anastomosis. In 2017, an ileocolic anastomosis was performed in 55
patients, with an anastomotic reinforcement in 96.4% (53 patients).
Overall, in this group, 3 patients presented AL (5.4%) and all were
mild AL with no need for reoperation. Of these three patients, two
anastomoses had been reinforced (Fig. 2).

However, the role of suture line reinforcement in gastrointes-
tinal surgery is conflicting in literature. Karam et al.,37 who spe-
cifically evaluated the role of reinforcement in ileocolic
anastomosis or ileostomy closure, found a strong reduction of
anastomotic leak in reinforced patients (0% of 1862 patients),
however without a group of comparison. Widmar et al. also
described a protective effect of oversewing the anastomotic line in
Crohn’s disease patients undergoing an ileocolic resection.38 Con-
trary, other studies do not support oversewing the anastomotic
staple line to decrease the AL rate in ileocolic anastomosis.39,40 Our
findings seem to be in part contrary to the findings of the ESCP
snapshot study on right sided colorectal resections40 analyzing the
sub-group of antiperistaltic side-to-side ileocolic anastomoses. It
may be that oversewing just the apical staple line of the “Barcelona”
anastomosis is not sufficient in preventing anastomotic dehiscence.
In our experience, the cross-stapling in the apical line discourages
the use of this technique.
Secondary objectives of the present study were to analyze the

relationship of the aforementioned variables with the severity of AL
(severe or mild). As widely documented in literature, we found that
the presence of AL, and especially severe AL, is an independent risk
factor that worsens patients’ hemodynamic status, increases
morbidity and mortality.12,13,41e43

The identification of various preoperative (patient-related) and
operative (technical-related) variables as potential risk factors for
AL enables identifying high-risk patients and allows to choose the
best surgical strategy to prevent AL or to mitigate its severe clinical
consequences.

Focusing only on ileocolic anastomoses in a homogeneous
cohort of patients with a confirmed diagnosis of cancer strengthens
this analysis. Analyzing different types of ileo-colic anastomoses in
an inhomogeneous cohort of patients could have been an impor-
tant confounder and as so a limitation of the study. Other limita-
tions are its single center design and its retrospective nature.
However, all the variables of the present series were prospectively
collected before the design of the study and all were included in the
analysis. Cases were not selected but consecutive in order to reduce
the possible bias and to document their impact on the objectives.

Conclusion

In conclusion, this study focusing on a homogeneous cohort of
patients treated for colon cancer in elective surgery revealed that
poor nutritional status, smoking habits and perioperative blood
transfusion are factors influencing negatively anastomotic dehis-
cence. Oversewing suture reinforcement of the anastomosis asso-
ciates with a significantly reduced AL risk. Randomized and
multicentric studies are required to definitely determine the role of
the anastomotic reinforcement as a protective factor reducing AL in
ileocolic anastomoses.
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