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Abstract
Background Anastomotic leakage (AL) is a potential feared complication after colorectal resection, which is associated with an
increased risk of postoperative mortality and frequently requires additional surgery. The aim of this study was to assess major
independent risk factors for AL after elective colonic resection for cancer, including anastomotic location.
Methods Among 1940 consecutive patients referred to our institution for colorectal adenocarcinoma, 1025 patients had elective
colonic resection with intraperitoneal anastomosis without diverting stoma. Risk factors were assessed among preoperative,
operative, and histological data.
Results Clinical AL was observed in 36 patients (3.5%) with 24 patients requiring revisional surgery (67%). In multivariate
analysis, endoscopic impassable tumor and colo-colic or ileo-colic anastomosis were independent risk factors for AL. The
occurrence of AL was associated with poor overall (43.1 months vs. 146.4 months; p <0.001) and disease-free survival
(40.5 months vs. 137.3 months; p =0.003).
Conclusion Anastomotic leakage occurs more frequently after colo-colic and ileo-colic anastomosis than after intraperitoneal
colorectal anastomosis.

The right colectomy appears to be at higher risk of AL, with a greater risk of surgical intervention than after an elective left

colectomy. Ileo-colic anastomosis should be avoided in cases of suboptimal conditions.
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Introduction:

With an estimated 1,360,000 new cases diagnosed in 2012, co-
lorectal cancer is the third most frequently diagnosed cancer and
the fourth leading cause of cancer-related death in the world." In
70% of these newly diagnosed patients, a curative treatment
could be done, mainly based on resection of the colorectal tumor
with immediate intestinal continuity restoration except in emer-
gency situations including obstruction and perforation. Despite
advances in anastomotic techniques, postoperative monitoring
and diagnostics, an anastomotic leak (AL) remains a feared
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complication after colorectal resection, which has an incidence
and consequences that have not changed appreciably during the
past 20 years. In recent publications, the incidence rate of AL
ranges widely from 1 to 16%° © depending on the definition of
AL chosen and patient-inclusion criteria.

The consequences of these leaks are well known, including
longer hospital length of stay, an increase in postoperative mor-
tality and morbidity rates,” and potentially the need for another
surgery in order to create a definitive or temporary diverting
stoma. Moreover, among patients with colorectal cancer, anasto-
motic leakage seems to increase the risk of cancer recurrence and
diminishes overall survival.* '" Anastomotic leakage is therefore
a dreaded complication that severely impacts patient quality of
life and increases the cost of medical care. Thus, the occurrence
of stage I1Ib postoperative complications according to Clavien-
Dindo’s classification after colorectal resection, such as anasto-
motic leakage requiring surgery, increases full inpatient costs
from $26,420 to $95,550(USD)."?
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Recently, it has been demonstrated that the surgeon’s clin-
ical judgment is not accurate in predicting anastomotic leak-
age after intestinal surgery.'? Therefore, an accurate risk as-
sessment for anastomotic leakage is needed in order to help
tailor treatment in colorectal surgery.

Unfortunately, the majority of studies designed to assess
risk factors for anastomotic leakage included numerous and
various situations. Thus, most studies have included both colic
resection with intraperitoneal anastomosis and rectal resection
with extra-peritoneal anastomosis, while it has been shown
that the rate of anastomotic leakage greatly increased after
extra-peritoneal anastomosis.>'*'®

Those studies also included patients with proximal diversion
through a stoma, while it has been demonstrated that this stoma
reduces the consequences that are feared when AL occurs.!”'®

It therefore seems important to distinguish colonic resection
with anastomosis performed during an emergency and a resec-
tion performed electively to limit cohort heterogeneity and focus
on risk factors for leakage after elective colonic resection.

Thus, the aim of this study was to assess major independent
risk factors for anastomotic leakage after elective colonic re-
section for cancer and notably identify the impact of the loca-
tion of anastomosis on this risk of leak. Treatment of such a
leakage depending on the type of anastomosis performed and
consequences of these leakages has also been assessed.

Patients and Method
Patients

From January 1990 to December 2015, 1940 consecutive pa-
tients were referred to our institution for colorectal adenocar-
cinoma; medical data were included in a prospectively main-
tained database. Among these patients, 1025 fulfilled the fol-
lowing inclusion criteria: colic resection with intraperitoneal
anastomosis, without proximal diversion through a stoma,
during elective surgery. A flow chart of the patient selection
is presented in Fig. 1.

Preoperative Investigations

Preoperative assessment included a complete medical his-
tory with familial and personal cancer history, obesity, on-
going anticoagulant treatment, complete colonoscopy
when possible, or at least until the tumoral stenosis,
allowing the clinician to locate the colic adenocarcinoma,
and abdominopelvic and chest computed tomographic
scans. The suitability of patients for colonic resection was
discussed during multidisciplinary weekly meetings of sur-
geons, oncologists, pathologists, and radiologists.
Preoperative chemotherapy would be proposed in patients
with potentially resectable metastatic colonic adenocarcinoma.
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The American Society of Anesthesiologists (ASA) score
was used to stratify patients according to their preoperative
risk. This score was assigned at the time of surgery by the
anesthesiologist according to the following guidelines:
ASA 1, normal healthy patient; ASA 2, patient with mild
systemic disease; ASA 3, patient with severe systemic dis-
ease; ASA 4, patient with severe systemic disease and a
constant threat to life.

Postoperative Outcomes

Morbidity and mortality at 30 days and 90 days were recorded
in our database, according to Clavien-Dindo’s classification of
surgical complications.?’

The outcome of interest was the presence of clinical AL dur-
ing the first 90 postoperative days, defined as a leakage of bowel
content and/or gas from the surgical connection between the two
bowel segments into the abdomen with either spillage or collec-
tion around the anastomotic site or extravasation through a
wound or drain. Clinical manifestation of this AL could either
be fever, abscess, septicemia, peritonitis, and/or organ failure.
Finally, AL or its consequences must be confirmed by an imag-
ing technique (computerized tomography scan, magnetic reso-
nance imaging, echography) or during surgery.

The treatment of such an anastomotic leakage was con-
sidered medical when the fistula could be treated only by
antibiotics and/or when the fistula was externalized by a
drain placed during the initial surgery. Radiologic treat-
ment was defined by the realization of drainage during
the postoperative period. Surgical treatment for the anasto-
motic leakage was defined by another surgery with or with-
out stoma placement.

Pathological Analysis

Specimens were examined by pathologists with expertise in
digestive diseases. Retrieved lymph nodes, surgical margins,
and mural extension of the tumor were systematically exam-
ined. TNM stages were defined according to the seventh edi-
tion of the UICC/TNM classification.”'

Curative resection (R0) was defined by the lack of any tumor
macroscopically or microscopically detectable after resection. An
R1 resection indicates microscopic residual tumor (positive mar-
gins), and R2 indicates macroscopic residual tumor.

Follow-up

All patients had follow-up control monitoring at 6-month in-
tervals for at least 5 years. This control monitoring included
physical examination, tumor marker evaluation, and alterna-
tively either abdominal echography and chest radiography or
chest and abdominopelvic computed tomography scans.
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Fig. 1 Flow chart of the study
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Histological, cytological, or specific radiological proof was
required for the diagnosis of recurrence if a recurrence was
suspected. Locoregional recurrence was defined as being located
in anastomotic sites or in the regional resection area. Distant
recurrences included peritoneal carcinomatosis, liver metastasis,
and metastasis in other extra-abdominal sites. The last informa-
tion from included patients was updated in December 2015.

Statistical Analysis

Categorical data were compared by the chi-square test
or Fisher’s exact test. The independent-samples 7 test or

Mann-Whitney’s test was used for continuous data. To
consider potential confounders that assess anastomotic
leak risk factors, a multivariate analysis was performed
using binary logistic regression with a stepwise proce-
dure, including non-redundant variables chosen by uni-
variate analysis. The 0.1 level was defined for system-
atic entry into the model. Survival rates and recurrence
rates were calculated using the Kaplan-Meier method
and included postoperative deaths. These survival curves
were calculated from the date of surgery, and all causes
of death were considered for survival estimation. The
log-rank test was used to compare survival curves. All
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statistical analyses were performed using SPSS for Mac
version 22.0 (SPSS Inc., Chicago, IL). A p value <0.05
was considered significant.

Results
Risk Factors of Anastomotic Leakage

Among the 1025 patients electively operated on for colon
cancer between 1990 and 2015, 490 patients had a right
colectomy (47.8%), 24 had a transverse colectomy
(2.3%), 479 (46.7%) had a left colectomy, and 32 (3.2%)
received a subtotal colectomy (Fig. 1). To restore intestinal
continuity, ileo-colic anastomosis was performed in 490
patients (always after right colectomy), colo-colic anasto-
mosis was performed in 99 patients (24 after transverse
colectomy and 75 after left colectomy), 404 intraperitoneal
colorectal anastomoses were performed (always after left
colectomy), and 32 ileo-sigmoid anastomoses were
performed.

During the study period, 36 anastomotic leakages were
diagnosed, representing a rate of leakage after elective co-
lonic resection for cancer of 3.5%. The distribution of
those leaks during the study period was harmonious, with
an annual rate ranging from 0 to 8.7% (Fig. 2).

Among these 36 anastomotic leaks, 20 (55.5%) were
observed after ileo-colic anastomosis, 7 (19.4%) after
colo-colic anastomosis, 7 (19.4%) after intraperitoneal co-
lorectal anastomosis, and 2 (5.5%) after ileo-sigmoid anas-
tomosis, leading to leak rates of 4.1%, 7.1%, 1.7%, and

6.2% after ileo-colic, colo-colic, intraperitoneal colorectal,
and ileo-sigmoid anastomosis, respectively. In univariate
analysis, four variables were associated with a high risk
of leakage, including preoperative obesity defined by a
body mass index (BMI) greater than 30 kg/m? (p =
0.030), endoscopic impassable tumor (p =0.018), tumor
location (p=0.010), and type of anastomosis (p =0.034)
(Table 1). Thus, compared to an intraperitoneal colorectal
anastomosis, the risk of leakage was multiplied by 2.41
(p=0.047) after an ileo-colic anastomosis, by 4.32 (p =
0.008) after a colo-colic anastomosis and by 3.78 (p=
0.106) after an ileo-sigmoid anastomosis.

During the study period, five expert surgeons in co-
lorectal surgery performed colonic resection. The rate of
anastomotic leakage ranged from 0 to 4,7% without any
statistical difference (p =0.181) (Table 1), even after
analysis according to the type of anastomosis performed
(data not shown).

After including potential confounding factors in the
multivariate analysis such as age, sex, personal, or fa-
milial cancer history, ASA score and tumor stage, the
independent risk factors for anastomotic leakage were
determined to be obesity (HR =5.404; p=0.012), endo-
scopic impassable tumor (HR=2.109; p=0.032), and
ileo-colic anastomosis (HR =2.562; p=0.035) or colo-
colic anastomosis (HR =3.890; p=0.014) (Table 2).

Management of Anastomotic Leakage

Treatment of anastomotic leakage varied depending on
the site of anastomosis. When the afferent segment was

Fig. 2 Distribution of
anastomotic leakage during the
study period
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Table 1 Prognostic factors for anastomotic leakage after elective colic resection (univariate analysis)
Variables Whole population No anastomotic leak Anastomotic leak p value
W=1025) @) @)

Age>70 553 (54.0) 536 (54.2) 17 (47.2) 0410
Male gender 502 (49.0) 482 (48.7) 20 (55.6) 0.421
Family history of cancer 75(7.3) 71 (7.2) 4 (11.1) 0.328
Personal history of cancer 119 (11.6) 114 (11.5) 5(13.9) 0.599
ASA score 3—4 239 (23.4) 227 (23.0) 12 (33.3) 0.151
Obesity 20 (2.0) 17 (1.7) 3(8.3) 0.030
Anticoagulant 57 (5.6) 53 (54) 4 (11.1) 0.135
Endoscopic impassable tumor 353 (34 .4) 334 (33.8) 19 (52.8) 0.018
Tumor location 0.010
Right colon 458 (44.7) 440 (44.5) 18 (50.0)

Transverse colon 84 (8.2) 78 (7.9) 6 (16.7)

Left colon 109 (10.6) 102 (10.3) 7(19.4)

Sigmoid 374 (36.5) 369 (37.3) 5(13.9)

Type of resection 0.098
Right colectomy 490 (47.8) 470 (47.5) 20 (55.6)

Transverse colectomy 24 (2.3) 22 (2.2) 2 (5.6)

Left colectomy 141 (13.8) 134 (13.5) 7(19.4)

Sigmoidectomy 338 (33.0) 333 (33.7) 5(13.9)

Subtotal colectomy 32 (3.1 30 (3.0) 2(5.6)

Type of anastomosis 0.034
Ileo-transverse anastomosis 490 (47.8) 470 (47.5) 20 (55.6)

Colo-colic anastomosis 99 (9.7) 92 (9.3) 7 (19.4)

Intraperitoneal colorectal anastomosis 404 (39.4) 397 (40.1) 7 (19.4)

Ileo-sigmoid anastomosis 32 3.1 30 (3.0) 2(5.6)
Preoperative treatment 13 (1.3) 13 (1.3) 0 1
Surgeon 0.181
Surgeon A 453 (44.2) 433 (43.8) 20 (55.6)

Surgeon B 190 (18.5) 181 (18.3) 9 (25)

Surgeon C 65 (6.3) 65 (6.6) 0

Surgeon D 85 (8.3) 84 (8.5) 12.8)

Surgeon E 232 (22.6) 226 (22.9) 6 (16.7)
pT stage 0431
pTis-T1-T2 255(25.0) 244 (24.8) 11 (30.6)

pT3-T4 766 (75.0) 741 (75.2) 25 (69.4)
pN stage 0.123
pNO - N1 835 (81.9) 809 (82.3) 26 (72.2)

pN2 - N3 184 (18.1) 174 (17.7) 10 (27.8)
Positive lymph node status 398 (39.1) 382 (38.9) 16 (44.4) 0.500
pM stage 197 (19.2) 187 (18.9) 10 (27.8) 0.185
pTNM stage 0.339
Stage 1 or 2 219 (21.4) 209 (21.1) 10 (27.8)

Stage 3 or 4 806 (78.6) 780 (78.9) 26 (72.2)

the small bowel, a surgical treatment was preferred
(68.2%); colic afferent segments typically received ei-
ther medical or radiological treatments (64.3%; p=

0.056). The full description of treatments carried out
according to the type of anastomosis performed is de-
tailed in Fig. 3.
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Table 2 Prognostic factor for

anastomotic leakage after elective Variables

HR 95%CI p value

colic resection (multivariate
analysis) Age>70

Male gender

Personal cancer history
Familial cancer history
Anticoagulant

Obesity

ASA score 34

Endoscopic impassable tumor
Preoperative treatment

pT 3-T4

Positive lymph nodes
Metastatic disease

Type of anastomosis

1.444-20.223

1.065-4.175

0.068

(ref: intraperitoneal colorectal anastomosis)

Tleo-colic anastomosis
Colo-colic anastomosis

Ileo-sigmoid anastomosis

2.562
3.890
3.776

1.066-6.156
1.313-11.524
0.727-19.621

0.035
0.014
0.114

Consequences of the Occurrence of Anastomotic
Leakage

The occurrence of anastomotic leakage after colonic resection for
cancer had both short- and long-term consequences. In this study,
20 patients died during the first three postoperative months, lead-
ing to a global postoperative mortality rate of 1.95%. This postop-
erative mortality rate was higher when an AL occurred (11.1%)
compared to the group of patients who did not have AL (1.6%;
p=0.004), corresponding to an odds ratio of 6.9.

Long-term Outcomes

Follow-up data were available for all patients with a
mean length of follow-up in the surviving patients of

Fig. 3 Management of

73.2 months (95%CI 68.6-77.8 months). During fol-
low-up, 321 patients died (31.3%), and the mean overall
survival (OS) for all patients was 144.5 months (95%CI
133.9-155.2 months) with a S5-year OS rate of 65.5%.
There were 16 deaths (44.4%) among the 36 patients
with AL and 305 deaths (30.8%) among the 989 pa-
tients without AL. Patients with AL had a significantly
shorter mean overall survival than patients without AL
(43.1 months vs. 146.4 months; p<0.001) (Fig. 4).
The recurrence rate in our study was 37.7% (386 patients),
and the estimated mean of disease-free survival (DFS) was
135.6 months (95%CI 125.2—146.1 months). During the
follow-up period, 18 patients (50%) with AL and 368 patients
(37.2%) without AL presented tumor recurrence or died.
Patients with AL had a significantly shorter mean DFS than
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patients without AL (40.5 months vs. 137.3 months; p =
0.003) (Fig. 4).

Discussion

This large retrospective study shows that AL occurs more
frequently after colo-colic and ileo-colic anastomosis than af-
ter intraperitoneal colorectal anastomosis. Thus, segmental
left colectomy and right colectomy appear as being more at
risk of AL than elective left colectomy, which contradicts the
generally held belief that ileo-colic anastomoses are less prone
to leaks than intraperitoneal colorectal anastomoses.>>

The impact of the location of an anastomosis on the risk of
anastomotic leakage after colonic resection for cancer has rarely
been studied previously and has presented contradictory
results.>*!%?? Bakker et al., in a nationwide audit, showed that
right colectomy was associated with a lower rate of AL than left
colectomy, while transverse resection was associated with higher
risk of AL.%* Conversely, in a retrospective study, Marinello et al.
showed an increased risk of leakage after ileo-colic anastomosis
compared to colorectal anastomosis,3 while Frasson et al. found
no difference in the rate of anastomotic leakage according to the
type of colonic resection performed.* Agreeing with Bakker,”
Marinello,® and Alves,>* we found that colo-colic anastomosis is
associated with the highest risk of AL after colic resection for
cancer (HR =3.890; p = 0.014) followed by ileo-colic anastomo-
sis (HR =2.562; p=0.035). This finding can be explained first
by the greater difficulty in assessing the blood supply to anasto-
mosis after ileo-colic or colo-colic anastomosis than after

intraperitoneal colorectal anastomosis, where the rectal segment
is usually well vascularized. Second, this result reflects the great-
er tolerance of our surgeons to perform ileo-colic and colo-colic
anastomosis in suboptimal circumstances (such as with an obese
patient with numerous comorbidities and an impassable tumor at
the preoperative endoscopy) compared to achieve a colorectal
anastomosis, even if intraperitoneal. In this latter case with unfa-
vorable circumstances, it is more common to perform either a
proximal diverting stoma or to not perform anastomosis, Thus,
patients with ileo-colic (26.7%) or colo-colic anastomosis
(33.3%) more frequently had an ASA score >3 than patients
with colorectal anastomosis (16.8%; p <0.001). To reduce the
risk of AL after elective right colectomy or segmental left
colectomy, a colic resection without anastomosis or temporary
diverting stoma should be discussed in such selected high-risk
patients. In our study, the overall AL rate is slightly lower than
the AL rate observed in other studies, which also included emer-
gency colic resections.>*7-10:11:19:22.25 However, colonic
resections performed during an emergency are associated
with an increased AL rate compared with elective colonic
resection.'®#*2® Thus, our AL rate is comparable to other studies
that assess the risk of AL after elective colonic resection.'**’
Among the other prognostic factors associated with an in-
creased risk of AL in our study, obesity is a factor already found
in a majority of studies and considered in the nomogram
established recently by Frasson to assess the risk of anastomotic
leakage after colonic resection.” Finally, an endoscopic impass-
able tumor is also found to be an independent risk factor for AL.
Thus, even if there is no clinical obstruction, the endoscopic
impassable tumor presumably caused distension of the afferent
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digestive segment, which in turn can weaken the anastomosis.
Some risk factors for anastomotic leakage could not be analyzed
in our retrospective study, such as serum albumin and type of
anastomosis (i.e. hand-sewn/stapled, end-to-end/end-to-side/
side-to-side, isoperistaltic, or anisoperistaltic), which is a limita-
tion of our study. However, no trend in the rate of anastomotic
leakage during the study period was observed, which argues for a
low impact of the suture technique on anastomotic leakage
occurrence.

The second main result of this study is the different manage-
ment strategies for AL based on the type of afferent segment:
ileum or colon. Management of AL is preferentially surgical
when an AL occurred after ileo-colic or ileo-sigmoid anastomo-
sis (68.2%), while it is medical or radiological after colo-colic or
colorectal anastomosis (64.3%). This difference observed in the
management of the AL may be related to the different kinds of
fistula content. Thus, the content from ileal leakage is more fluid
than the content from colic leakage; the risk of enteral peritonitis
is higher after ileal leakage than after colic leakage, which
evolves more frequently to an abscess. To our knowledge, this
difference in the management of AL after right or left colectomy
has not previously been described. However, Bakker et al. show
a lower risk of death after AL after left and transverse colectomy
than after right colectomy.” This result could be explained by the
difference in the management of AL after ileo-colic fistula and
colo-colic fistula.

Finally, this study confirms the negative impact of the occur-
rence of an AL, namely an increase in the relative risk of post-
operative mortality (odds ratio for death in postoperative period
was 6.9) and a poor overall (43.1 months vs. 146.4 months; p <
0.001) and disease-free survival (40.5 months vs. 137.3 months;
p=0.003).

With the growing development of enhanced recovery after
colorectal surgery and the shortening of the inpatient postop-
erative period,”® 3! research on the predictive factors of AL is
essential, especially after ileo-colic and colo-colic anastomo-
sis. Assessing the decrease in the fistula rate also involves
intraoperatively detecting patients with a high risk of AL.
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