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Abstract The primary objective of this study was to deter-
mine whether sphincter preservation is possible among
patients who develop anastomotic leakage after rectal cancer
surgery. The secondary objective was to determine the factors
that may contribute to anastomotic leakage. This is a retro-
spective review of a prospectively maintained database. All
patients with rectal cancer who underwent restorative
proctectomy over 1 year were included in the study. The pa-
rameters analyzed were age, preoperative hemoglobin and
albumin, neoadjuvant therapy, type of surgery, level of liga-
tion of inferior mesenteric pedicle, technique of anastomosis,
and defunctioning proximal stoma. In this study, 176 cases of
anterior resection were included,of which15 (8.5 %) had anas-
tomotic leakage. None of the factors contributing to anasto-
motic leakage reached statistical significance on univariate
analysis. Among the patients who had proximal defunctioning
ileostomy (n = 9), five (56 %) required re-surgery whereas
other four were managed with antibiotics and presacral
drainage alone (44 %). Among the patients who didnot
have proximal defunctioning ileostomy (n = 6), all (100 %)
required re-surgery. Among the 12 eligible patients, stoma
reversal was successful in eight (67 %) patients. This study
highlights the importance of defunctioning proximal stoma in
reducing the incidence and severity of anastomotic leakage as
well as the need and extent of re-surgery for low rectal cancer.
Sphincter preservation is possible in majority of patients who
develop anastomotic leakage after rectal cancer surgery.
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Introduction

The incidence of rectal cancer in India is on the rise, with an
estimated age-standardized rate between 4.1–5.8 and 3.5–5.3
per 100,000 in males and in females, respectively [1]. Radical
surgery with total or partial tumor-specific mesorectal exci-
sion remains the mainstay of treatment. Advances in the rectal
cancer management in the form of neoadjuvant chemoradio-
therapy, staging with magnetic resonance imaging (MRI),
availability of staplers, and improvement in perioperative care
have lead to improved oncological outcomes.

Development of the anastomotic leakage is the most feared
complication after rectal cancer surgery with incidence in the
published literature ranging from 1.8 to 19.8 % [2, 3].
Anastomotic leakage leads to significant morbidity to the pa-
tient with impact on oncological, clinical, and functional out-
comes. It has been associated with a risk of periopera-
tive mortality rate ranging from 6.12 to 10 % [4, 5]. In
addition, it leads to prolonged hospital stay, need for system-
ic antibiotics, reintervention, and increased overall cost.
Oncologically, those who develop anastomotic leakage, par-
ticularly those who require reintervention, have been found to
have higher incidence of local recurrence and inferior overall
survival [6, 7]. Functionally, it has been observed that
anastomotic leakage carries high probability of permanent
stoma [8, 9].

The etiology of the anastomotic leakage is multifactorial,
including technical and patient factors. Technical factors in-
clude excessive tension across anastomosis, ischemia of the
intestine at the suture line, the presence of local sepsis, and
faulty technique. Older age (> 80 years), anemia, low albumin,
associated co morbidities, and high doses of steroids are some
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of the patient-related factors that may also contribute to in-
creased risk of anastomotic leakage. The purpose of this arti-
cle was to review our own results with respect to the possible
etiological factors for the anastomotic leakage and their
management.

The primary objective was to determine whether sphincter
preservation is possible among the patients who develop anas-
tomotic leakage after rectal cancer surgery. The secondary
objective was to determine the factors that may contribute to
the anastomotic leakage.

Materials and Methods

This is a retrospective review of a prospectively maintained
database in the Division of Colorectal Surgery, Department of
Surgical Oncology at the Tata Memorial Centre, Mumbai. All
patients with rectal cancer who underwent restorative
proctectomy between July 1, 2013 and June 30, 2014 were
included in this study. Management of rectal cancer was done
according to the standard guidelines, with early tumors (T1/
2 N0) operated upfront whereas those with locally advanced
disease (≥T3/N+) offered neoadjuvant chemoradiotherapy
followed by surgery. All treatment decisions were taken by a
multidisciplinary team consisting of a colorectal surgeon, a
radiation oncologist, a gastroenterologist, a medical oncolo-
gist, and a radiologist. The choice of an open or minimally
invasive approach was based on the availability of facilities
for minimally invasive surgery on that day.

The extent of surgery was decided based on the preopera-
tive MRI with sphincter-preserving surgery being offered to
all patients in whom external sphincter was not involved by
the tumor and at least 1-cm tumor-free distal margin could be
obtained. Bowel preparation was given to all the patients on
the day before surgery except those with features of bowel
obstruction or who unequivocally required abdominoperineal
resection on preoperativeMRI. Ligation of inferior mesenteric
artery (IMA) pedicle was considered as high when it was
performed at the root whereas it was considered as low when
ligated after the origin of the left colic artery. Decision on high
or low ligation was individualized depending on the length of
the colon available for anastomosis with the sole objective
being tension-free anastomosis.

Type of anastomosis depended on the extent of resection.
For patients who underwent intersphincteric resection, hand-
sewn coloanal anastomosis was performed using 3–0 Vicryl.
For rest of the cases, end-to-end stapled anastomosis was per-
formed using circular stapler of size 29. The anastomosis was
considered to be low when it was situated below the level of
peritoneal reflection. Air leak test was performed for all the
patients after anastomosis. When the test results were positive,
reinforcing sutures were placed in the areas of the leakage. A
defunctioning loop ileostomy was performed for all the

patients with low anastomosis as well as for those in whom
anastomosis was intraoperatively considered as high risk for
anastomotic leakage. These included situations such as edem-
atous bowel wall after the resection of the tumor, emergency
surgery with unprepared bowel, or positive air leak test in
elderly individuals.

Anastomotic leakage was defined clinically as the presence
of feculent discharge from the drain, or clinical features of
intra-abdominal sepsis or dehiscence of suture lines on per
rectal examination; and radiologically (Computed tomogra-
phy with oral contrast and Gastrograffin enema) as anastomot-
ic leakage of contrast or any peri-anastomotic collection re-
quiring drainage. For patients who had prior defunctioning
loop ileostomy and who were hemodynamically stable, su-
tures were placed at the sites of suture dehiscence trans anally
after thorough lavage through perineal exploration. For pa-
tients with signs of peritonitis or hemodynamic instability or
failed conservative management, exploratory laparotomy was
performed. Defunctioning loop ileostomy with placement of
intraperitoneal drains was performed for all these patients after
thorough peritoneal lavage. Decision to disconnect the anas-
tomosis was based on the intraoperative findings with
Hartmann’s procedure performed whenever there was com-
plete suture dehiscence or necrosis of the significant length
of colon proximal to the anastomosis. All the patients were
regularly followed up after the discharge and ileostomy rever-
sal was planned at the end of adjuvant therapy or 6 weeks after
the primary surgery with prior confirmation of anastomotic
integrity (gastrografin enema) and adequate sphincter function
(anal manometry).

Baseline characteristics and details of surgery and periopera-
tive therapy of all the patients included in the study were col-
lected from the database. Patient-related factors likely to influ-
ence the risk of anastomotic leakage analyzed were age, preop-
erative hemoglobin and albumin, and associated comorbidities.
Treatment-related factors analyzed were preoperative therapy,
type of surgery (open vs minimally invasive), level of ligation
of IMA pedicle (high vs low), technique of anastomosis (hand-
sewn vs stapled), and defunctioning proximal stoma. Statistical
analysis was performed using SPSS statistical software, version
18.0. The χ2-test or Fisher’s exact test, as appropriate, was used
for univariate analysis. A logistic regression model was used to
compare the two groups (those with anastomotic leakage and
those without anastomotic leakage) and the study endpoints; this
was adjusted for variables that were significant in univariate
analysis and/or clinically expected to be of importance.

Results

A total of 176 anterior resections were performed between
July 1, 2013 and June 30, 2014. Baseline patient characteris-
tics are shown in Table 1. Because this was a retrospective
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review, ASA grade was not available for 35 patients and body
mass index (BMI) was not available for 40 patients. Analysis
of these two parameters excluded those with missing data, but
for the rest of the parameters, all data were available and hence
all patients were included. None of the factors contributing to
anastomotic leakage reached statistical significance on univar-
iate analysis (Table 2).

Among the patients included in the study, 15 (8.5 %) had
anastomotic leakage (Table 3). Majority presented on seventh
postoperative day (POD). The patients without proximal
defunctioning ileostomy presented earlier (median POD 3)

than those with stoma (median POD 7). Most common pre-
senting symptom was persistent fever (94 %). Eleven patients
(74 %) required reoperation whereas four were managed con-
servatively (26 %). One patient died due to septicemia
after the anastomotic leakage. This patient had under-
gone anterior exenteration and developed anastomotic
leakage as well as leakage from ileal conduit. Though
the patient was reexplored twice with disconnection of the
anastomosis, he had developed septicemic shock and could
not be revived.

Among the patients who had proximal defunctioning
ileostomy (n = 9), re-surgery was required in five (56 %)
whereas other four were managed with antibiotics and
presacral drainage alone (44 %). Among those patients who
underwent re-surgery (n = 5), perineal resuturing of the anas-
tomosis was performed in two (40 %), transabdominal
reanastomosis in one, peritoneal lavage in one, and anastomo-
sis was disconnected in one (20 %) patient. Thus, laparotomy
could be avoided in six patients (67 %) when proximal
defunctioning ileostomy was performed at the time of primary
surgery.

Among the patients who did not have proximal
defunctioning ileostomy (n = 6), re-surgery was required in
all the patients (100%). Disconnection of the anastomosis was
required in one patient and peritoneal lavage with creation of
ileostomy was required in the rest. Reanastomosis during the
re-surgery was not possible in any of these patients due to
significant peritoneal contamination.

At a median follow-up of 18 months, one patient had peri-
operative mortality, two patients developed distant recurrence
(one each in lung and liver) within 6 months of index surgery,
and follow-up details of three patients were not available.
Among the nine patients available for evaluation, stoma re-
versal was successful in eight. One patient developed stricture
at the anastomotic site as well as radiation-induced cystitis.
She has been planned for dilatation of the stricture and then
stoma reversal once her general health improves. Thus, suc-
cessful stoma reversal was possible in 8 of 15 patients (53 %)
who developed leak. If the patient who died and those patients
who developed distant recurrence were excluded, the sphinc-
ter preservation was possible in 8 of 12 patients (67 %).

Discussion

The incidence of anastomotic leakage after surgery for rectal
cancer ranges between 1.8 and 19.8 % [2, 3]; however, these
rates vary according to the definition used. Higher rates are
reported whenever anastomotic leakage is detected by radiol-
ogy (CT, or gastrografin enema). At our center, routine
gastrografin enema is not the standard practice in all the post-
operative patients. Hence, an anastomotic leakage rate of
8.5 % is consistent with that reported in the literature.

Table 1 Patient characteristics

Patient characteristics Number (n = 176)

A. Demographic characteristics

Age (median) [Range] 50 years [17–83 years]

Sex

Male 108 (62 %)

Female 68 (38 %)

BMI (median) [Range] 23.48 [17–34]

ASA grade (n = 141)

1 100 (71 %)

≥ 2 41 (29 %)

B. Tumor characteristics

Pathological tumor stage (pT)

Early (Tx/1/2) 52 (29 %)

Locally advanced (T3/4) 124 (71 %)

Pathological nodal stage (pN)

N0 39 (22 %)

N+ 137 (78 %)

Distance from anal verge

Below peritoneal reflection 76 (43 %)

Above peritoneal reflection 100 (57 %)

C. Treatment characteristics

Neoadjuvant chemoradiotherapy

Yes 103 (59 %)

No 73 (41 %)

Surgical approach

Open 123 (70 %)

Laparoscopic 53 (30 %)

Ligation of IMA pedicle (n = 169)

High 26 (15 %)

Low 143 (85 %)

Type of anastomosis

Hand sewn 44 (25 %)

Stapled 132 (75 %)

Covering stoma

Yes 129 (73 %)

No 47 (27 %)

IMA inferior mesenteric artery
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Mortality rate in the present series (6.7 %) also is consistent
with that reported in the literature (6.25–10 %) [4, 5].

Sphincter preservation is the major objective of rectal can-
cer surgery besides oncological safety. A permanent stoma
because of the anastomotic leakage is even more distressing
for the patient. Earlier studies have shown that anastomotic
leakage after anterior resection has a higher probability
of permanent stoma formation with stoma reversal pos-
sible in only 33 % patients who required stoma creation
for the anastomotic leakage in one of the series [8, 9].
In the present series, successful stoma reversal was pos-
sible in 53 % patients. Improved results were because
only two patients in this study required discontinuation of
anastomosis.

Some of the identified risk factors for anastomotic leakage
are male gender, nutritional status, high BMI, the loca-
tion of anastomosis, diverting stoma, and history of ra-
diation [10–13]. Men, because of the narrow pelvis,
offer greater challenge during pelvic dissection, and
hence increased risk of anastomotic leakage [14]. In this
study, incidence of anastomotic leakage was slightly
higher in men than in women though it did not reach
statistical significance. An interesting association that
emerged during this analysis was the association of a high
tumor regression grade (by Mandard scoring system) with
anastomotic leakage (16.1 % for TRG 3/4 vs 4.4 % for
TRG 1/2). This might be an indication of the response
of the host tissue microvasculature to radiotherapy.

Table 2 Univariate analysis of
parameters affecting anastomotic
leakage

Univariate analysis Anastomotic leakage p-Value
Yes (n = 15) No (n = 161)

Parameters assessed

Age (median) 46 years 51 years 0.24

Sex

Male 10 (9.3 %) 98 (90.7 %) 0.45

Female 5 (7.9 %) 63 (92.1 %)

ASA grade (n = 141)

1 11 (11 %) 89 (89 %) 0.23

≥ 2 3 (7.3 %) 38 (92.7 %)

Preoperative hemoglobin (gm/dl) 11.7 11.5 0.98

Preoperative albumin (gm/dl) 4.45 4.1 0.06

Distance from anal verge

Below peritoneal reflection 9 (11.8 %) 67 (88.2 %) 0.18

Above peritoneal reflection 6 (6 %) 94 (94 %)

Neoadjuvant chemoradiotherapy

Yes 11 (10.7 %) 92 (89.3 %) 0.17

No 4 (5.5 %) 69 (94.5 %)

Type of surgery

Open 12 (9.8 %) 111 (90.2 %) 0.58

Laparoscopic 3 (5.7 %) 50 (94.3 %)

Blood loss (mean mL) 853 504 0.207

Ligation of IMA pedicle

High 0 26 0.13

Low 15 (10.5 %) 128 (89.5 %)

Technique of anastomosis

Hand sewn 4 (10 %) 40 (90 %) 0.99

Stapled 11 (8.3 %) 121 (91.7 %)

Proximal defunctioning stoma

Yes 8 (6.2 %) 121 (93.8 %) 0.068

No 7 (14.9 %) 40 (85.1 %)

TRG (n = 103)

≤ 2 2 (4.4 %) 45 (95.6 %) 0.106

> 2 9 (16.1 %) 47 (83.9 %)

IMA inferior mesenteric artery, TRG tumor regression grade
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The role of defunctioning proximal stoma in cases of low
anterior resection has been debated for many years.
Proponents stress that the stoma keeps the distal anastomosis
clean and reduces the intraluminal pressure of the bowel and
as a result reduces the anastomotic leakage rate and its conse-
quences [15]. However, fecal diversion requires the patient to
undergo two surgeries, and stoma reversal is associated with
significant morbidity and costs [16]. In addition, even when a
defunctioning proximal stoma is created, there remains a sig-
nificant risk of anastomotic leakage [17]. Therefore, the ben-
efits of a stoma in decreasing the rate of anastomotic leakage
must be balanced against the morbidity and cost of reversal.
Several studies in the past have found that the rate of anasto-
motic leakage was not reduced by the construction of
defunctioning proximal stoma [11, 13, and 18]. However,
couple of recent meta-analyses have shown that defunctioning
proximal stoma significantly reduces the incidence as well as
the consequences of the anastomotic leakage [19, 20]. In this
study, rates of anastomotic leakage were higher when
defunctioning proximal stoma was not constructed (14.9 %
vs 6.2 %) though it did not reach statistical significance
(p = 0.068). In addition, among the patients with proximal
defunctioning stoma created during primary surgery, conser-
vative management could be followed in significant number
of patients (44 %). In this subgroup of patients, even when re-
surgery was required, transanal resuturing of the anastomotic
dehiscence was possible in significant number of patients and
hence relaparotomy and its associated morbidity could be
avoided in up to 40 % patients.

Anastomosis situated below the peritoneal reflection has
been proposed to be at higher risk for anastomotic leakage
[21]. The probable reasons for an increased leakage rate being
reduced blood supply of the anorectal remnant and the large
pelvic space that may predispose a patient to fluid accumula-
tion and pelvic infection [22]. In this study, anastomotic leak-
age was higher for anastomosis situated below the peritoneal
reflection (11.8 % vs 6 %) though it did not reach statistical
significance (p = 0.18).

Some studies have identified laparoscopic surgery as a risk
factor for anastomotic leakage [14] whereas others have not
found any association between the approach and the incidence
of anastomotic leakage [23, 24]. In this study, incidence of
anastomotic leakage was slightly higher in open surgery than
in laparoscopic surgery though it did not reach statistical sig-
nificance. This can be explained by the fact that those who
underwent open surgery had more advanced disease leading
to greater technical difficulties. Radiation therapy leads to de-
creased oxygen delivery to the tissues and hence prevents
optimum tissue healing. Earlier studies have shown that anas-
tomotic leakage rate is higher among those who receive neo-
adjuvant chemoradiotherapy [11, 21, and 22]. In the present
series also the anastomotic leakage rate was higher among
those who received preoperative chemoradiotherapy (10.7 %
vs 5.5 %) though it did not reach statistically significance
(p = 0.17).

Influence of level of ligation of IMA pedicle on anastomot-
ic leakage is highly debated. Adequate anastomotic perfusion
is considered the most important prerequisite for anastomotic

Table 3 Characteristics of the patients who had developed anastomotic leakage

Patients Primary
surgery

Stoma at primary
surgery

Day of anastomotic
leakage

Management Surgery performed Follow-up
status

Stoma
reversal

1 LAR Yes POD 5 Conservative NA DR No

2 LAR Yes POD 5 Surgery Laparotomy; reanastomosis NED Yes

3 ISR Yes POD 7 Surgery Transperineal re suturing NED No

4 LAR Yes POD 5 Surgery Laparotomy; peritoneal lavage DR No

5 AR Yes POD 7 Surgery Perineal resuturing only NED Yes

6 ISR Yes POD 7 Conservative NA NED Yes

7 ISR Yes POD 17 Conservative NA LFU No

8 ISR Yes POD 15 Conservative NA LFU No

9 Exenteration
(AR)

Yes POD 28 Surgery Laparotomy twice; disconnection
second time

Postoperative
mortality

No

10 AR No POD 3 Surgery Laparotomy; disconnection NED Yes

11 AR No POD 3 Surgery Laparotomy; stoma creation NED Yes

12 AR No POD 7 Surgery Laparotomy; stoma creation LFU No

13 AR No POD 2 Surgery Laparotomy; stoma creation NED Yes

14 LAR No POD 3 Surgery Laparotomy; stoma creation NED Yes

15 AR No POD 7 Surgery Laparotomy; stoma creation NED Yes

LAR low anterior resection, ISR intersphincteric resection,AR anterior resection,DR distant recurrence,NED no evidence of disease, LFU lost to follow up
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healing. High ligation of IMA pedicle enables anastomotic
perfusion only through the marginal artery, whereas a low
ligation enables anastomotic perfusion not only through the
marginal artery but also through the left colic artery and its
ascending branch. On the basis of this hypothesis, low ligation
of the IMA pedicle should result in lower anastomotic leakage
rates [25, 26]. However in this study, none of the patients with
the high ligation were found to develop anastomotic leakage
whereas 10.5 % patients with low ligation developed anasto-
motic leakage, though the difference did not reach statistical
significance (p = 0.13). Better results with high ligation can be
attributed to better reach of the colon into pelvis and tension-
free anastomosis.

This study had its limitations. Being a retrospective analy-
sis, it is amenable to the usual biases of the retrospective
studies. Less number of events among the patients included
in the study might have prevented any one of the factors from
significantly influencing the rates of anastomotic leakage.
However, the lower incidence of anastomotic leakage among
the patients with ligation of IMA pedicle at the root as well as
those with better response to neoadjuvant therapy deserves
further research.

Conclusion

Defunctioning proximal stoma may reduce the incidence and
severity of anastomotic leakage as well as the need and extent
of re-surgery for low rectal cancer surgery. Sphincter preser-
vation is possible in majority of patients who develop anasto-
motic leakage after the surgery for rectal cancer.
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