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a b s t r a c t

Background: To assess the effect of oversewing double stapled anastomoses (DSA) on clinical outcomes
in colorectal cancer surgery, including the rates of anastomotic leak and bleeding.
Materials and methods: A retrospective analysis of prospectively collected data from two Victorian
hospitals was performed on patients having had a colorectal cancer resection between January 2010 and
July 2017. Patients with oversewn anastomoses were compared with those patients where no oversewing
was performed. Complications (surgical and medical) were investigated using logistic regression. Further
subgroup analyses on colonic resections were performed.
Results: Analysis of the eligible 2001 patients demonstrated that patients with an oversewn DSA were
less likely to have an anastomotic leak (p ¼ 0.03), or return to theatre (p ¼ 0.014). An oversewn DSA did
not influence in-patient mortality, 30-day mortality or other surgical complications. Univariate analysis
showed anastomotic leaks were less likely for oversewn patients and females but more likely with rectal
cancers, open surgery or laparoscopic converted to open surgery, and increasing BMI. Subgroup analysis
of the 884 colonic resections demonstrated oversewn patients were less likely to return to theatre (OR
0.250, 95%CI 0.070e0.893), have medical complications (OR 0.298, 95%CI 0.106e0.842) or a small bowel
obstruction (OR 0.087, 95%CI 0.009e0.820). Univariate analysis showed hybrid or laparoscopic surgery,
left side tumours, and a history of arrhythmia increased risk of anastomotic leak for colonic resections.
Multivariate analysis showed all these factors had independent associations with anastomotic leak.
Conclusion: Oversewing a double-stapled anastomoses in colorectal cancer surgery is a protective factor
against anastomotic leaks and reduces reoperative surgery rates.
© 2020 The Authors. Published by Elsevier Ltd on behalf of Surgical Associates Ltd. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Up to a third of patients suffer a postoperative complication
following colorectal resectional surgery with complication rates of
28% undergoing surgery for colon cancer in USA [1] and in Australia
and New Zealand, complication rates of 20% for colon cancer and
27% for rectal cancer [2]. The most feared complication of the in-
testinal anastomosis is leakage, occurring in up to 3e19% of patients
[3]. An anastomotic leak impacts short-term survival [4], functional
outcomes [5], is difficult to treat [6], and increases the risk of dis-
ease recurrence and cancer-specific mortality [7].
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Reasons for anastomotic failure are multifactorial including
non-modifiable factors (gender, an unplanned operation, the loca-
tion of the tumour) [8,9] and modifiable factors (body mass index
[10], anastomotic technique) [10,11]. Anastomotic technique is
operator dependent and therefore a potentially controllable vari-
able in anastomotic failure. Oversewing the anastomotic staple line
is not recommended by stapler device manufacturers as this may
reduce anastomotic tissue perfusion [12]. Despite this recommen-
dation, approximately half of surgeons across Europe oversew side-
to-side intestinal anastomotic staple lines [13].

There is minimal evidence examining the effect of oversewing
staple lines on anastomotic outcomes to guide surgical decision
making. Accordingly, our aim was to determine whether over-
sewing a double stapled anastomosis (DSA) has any impact on post-
operative surgical outcomes in colorectal cancer surgery.
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2. Materials and Methods

2.1. Study population

The Cabrini Monash colorectal neoplasia database [14] was
investigated for patients who had undergone abdominal surgical
resection for colon or rectal cancers between January 2010 and July
2017 under the care of eleven colorectal surgeons at The Alfred
(public) and Cabrini (private) hospitals in Melbourne, Australia. A
retrospective analysis of prospectively collected data entered into
this database was performed. Human Research Ethics Committee
approval was obtained prior to the commencement of the study (#
03-26-05-18).

Patients who underwent a stapled anastomosis were cat-
egorised into two groups: Group 1 (anastomosis oversewn); Group
2 (anastomosis not oversewn). Data extracted from the database
was analysed for patient characteristics, surgical factors, compli-
cations, and overall survival rates. Patient variables included de-
mographics, comorbidity, American Society of Anaesthesiologists
(ASA) and BMI. Surgical data points were acuity of surgery (emer-
gency vs. elective), type of surgery (open, laparoscopic, robotic,
hybrid cases), extent of colonic resection (right, left, subtotal
colectomy) and type of anastomotic technique (end-to-end, side-
to-side and end-to-side). Patients who had a hand-sewn anasto-
mosis or a stapled pouch anastomosis were excluded from the
study. The primary outcome for this study was anastomotic leak.
Secondary outcome measures were postoperative ileus, mortality
andmorbidity, anastomotic bleeding requiring return to theatre for
control, length of stay post-surgery, readmission to hospital and 30-
day mortality.

2.2. Anastomotic technique

The decision of the type of anastomosis performed and there-
fore stapler and stapler reloadable cartridge selected was at the
discretion of the individual surgeon. Side to Side (SS) anastomoses
are usually performed with a combination of DST SERIES™ GIA™
reloadable staplers and/or Proximate® Reloadable Linear Stapler/
DST Series™ TA stapler. End to Side (ES) anastomoses are per-
formed with an ECHELON CIRCULAR™ stapler/DST Series™ EEA™
Stapler and Proximate® Reloadable Linear Stapler/DST Series™ TA
stapler. End to End (EE) anastomoses are usually performed with
firings of Echelon Flex™ stapler and with an ECHELON CIRCULAR™
stapler/DST Series™ EEA™ Stapler. The decision to oversew the
anastomosis was also at the discretion of the individual surgeon.
For colectomies the transverse staple line and/or common channel
were oversewn with a running 3e0 PDS suture at the discretion of
the surgeon's preference. For anterior resections the circular stapler
line was oversewn with multiple interrupted 3e0 PDS sutures.

2.3. Perianastomotic complications

Anastomotic leak was defined either radiologically (CT scanwith
perianastomotic gas, collection or contrast leak) or surgically
(faecal leakage at surgery). Anastomotic bleeding was defined as
bright-red blood per rectum occurring more than once consecu-
tively or persisting within the first 30 postoperative days, requiring
control in the operating suite.

2.4. Statistical analysis

Descriptive statistics with categorical variables were summar-
ised as frequencies and percentages. Chi-square analysis and stu-
dents’ t-tests were usedwhere appropriate for comparisons of data.
Groups were compared using Kruskal-Wallis tests and linear or
logistic regression for complications (surgical and medical), 30-day
and in-patient mortality. Significance was set as a p-value <0.05. To
account for lack of independence between episodes within patients
with multiple treatment episodes, all regression standard errors
were calculated using the HubereWhite Sandwich Estimator as
implemented in Stata 14 (StataCorp LP, College Station, Texas, USA).

This study has been reported in line with STROCSS criteria [15].
The research registry unique identifying number for this study is
#5138 (www.researchregistry.com).
3. Results

3.1. Patient characteristics

Therewere 2334 first treatment episodes between January 2010
and July 2017. After exclusions for hand-sewn anastomosis and
stapled pouch anastomosis there were 2022 treatment episodes in
2001 patients available for analysis. For the full cohort including
colon and rectal cancer patients, 929 (46.4%) episodes had an end-
to-end anastomosis; 612 (30.6%) episodes had a side-to-side
anastomosis and 481 (24.0%) episodes had an end-to-side anasto-
mosis. Elective surgery was performed in 1862 (93.1%) patients.
Comorbidity and surgical characteristics of patients sub grouped
(anastomosis oversewn (Group 1), no oversewing (Group 2) by
oversewing the anastomosis are shown in Table 1.
3.2. Surgical complications

Table 2 shows the post-operative complications in the two
groups. Anastomotic leak occurred in 42 patients (2.1%) for the
entire cohort. Patients who did not have their anastomosis over-
sewn had almost double the anastomotic leak rate (2.9% vs. 1.5%,
p ¼ 0.030) and a higher proportion were returned to theatre (7.4%
vs. 4.8%, p ¼ 0.014). No associations between any other factors and
oversewn anastomoses occurred. Univariate analysis of the surgical
complications indicated patients who were oversewn were less
likely to have an anastomotic leak (OR 0.512, 95% CI 0.276e0.949)
and return to theatre (OR 0.629, 95% CI 0.433e0.913). No differ-
ences between the subgroups were identified for anastomotic
bleeding, prolonged ileus, 30-day readmission, and length of
admission and inpatient death.

Multivariate analysis for oversewing anastomoses (Table 3)
identified that patients were more likely to be oversewn if they
were older (OR 1.019, 95% CI 1.007e1.033), operated in a public
hospital (OR1.67, 95% CI 1.152e2.421), had open, hybrid or laparo-
scopic conversion to open procedures, or had a functional end-to-
end anastomosis (OR 3.003, 95% CI 1.427e6.320). Predictors of
not oversewingwere patients undergoing a left hemicolectomy (OR
0.107, 95% CI 0.027e0.423), anterior resection (OR 0.005, 95% CI
0.003e0.010), subtotal colectomy (OR 0.111, 95% CI 0.056e0.219),
and ASA 2 patients (OR 0.520, 95% CI 0.347e0.778).

Further analysis for anastomotic leaks (Table 4) identified that
patients who were not oversewn (OR 0.512. 95% CI 0.276e0.949),
rectal cancer (OR 2.016, 95% CI 1.072e3.792), male (OR 0.388, 95%
CI 0.197e0.763), BMI (OR 1.064, 95% CI 1.017e1.113), open surgery
(OR 3.365, 95% CI 1.649e6.870), laparoscopic converted to open
surgery (OR 3.506, 95% CI 1.339e9.179), and a history of arrhyth-
mias (OR 2.343, 95% CI 1.137e4.830) were predictors of leaks.
Multivariable analysis of anastomotic leaks (Table 5) identified that
rectal cancers were an independent predictor of leaks (OR 13.858,
95% CI 5.023e38.23) and that anastomotic leaks were associated
with hospital length of stay (OR 1.043, 95% CI 1.012e1.075), return
to theatre (OR 101.540, 95% CI 36.218e284.67) and inpatient mor-
tality (OR 7.629, 95% CI 1.106e52.61).
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Table 1
Patient comorbidity and surgical characteristics.

Factor Not Oversewn
(N ¼ 822) N (%)

Anastomosis
oversewn
(N ¼ 1179) N (%)

p-value

Sex <0.001
Male 460 (56.0%) 537 (45.5%)
Female 362 (44.0%) 642 (54.5%)
Age, mean (SD) 66 (13) 73 (12) <0.001
ASA <0.001
1 191 (23.1%) 198 (16.6%)
2 385 (46.6%) 465 (38.9%)
3 237 (28.7%) 466 (39.0%)
4 14 (1.7%) 65 (5.4%)

BMI >30 172 (22.0%) 247 (21.8%) 0.89
Diabetes 113 (13.7%) 210 (17.6%) 0.018
IHD 142 (17.2%) 314 (26.3%) <0.001
Respiratory Disease 102 (12.3%) 163 (13.6%) 0.39
Antiplatelet agents 196 (23.7%) 401 (33.6%) <0.001
Operative Urgency <0.001
Emergency 10 (1.2%) 42 (3.5%)
Urgent 20 (2.4%) 88 (7.4%)
Elective 797 (96.4%) 1065 (89.1%)

AJCC Stage <0.001
0 64 (7.7%) 129 (10.8%)
1 287 (34.7%) 260 (21.8%)
2 191 (23.1%) 391 (32.7%)
3 219 (26.5%) 286 (23.9%)
4 66 (8.0%) 129 (10.8%)

Location of tumour <0.001
Left Colon 357 (43.2%) 219 (18.3%)
Right Colon 24 (2.9%) 903 (75.6%)
Rectum 438 (53.0%) 69 (5.8%)

Extent of surgery <0.001
Right hemicolectomy 17 (2.1%) 840 (70.3%)
Left hemicolectomy 3 (0.4%) 34 (2.8%)
Anterior resect 787 (95.2%) 201 (16.8%)
Subtotal/Total colectomy 20 (2.4%) 120 (10.0%)

Anastomosis technique <0.001
End-to-end 717 (86.7%) 212 (17.7%)
Functional end-to-end 18 (2.2%) 594 (49.7%)
End-to-side 92 (11.1%) 389 (32.6%)

AJSCC, American Joint Committee on Cancer; ASA, American Society of Anaes-
etheologists; BMI, body mass index; IHD, ischaemic heart disease; SD, standard
deviation.

Table 2
Analysis of patient postoperative surgical complications.

Factor Not Oversewn
(N ¼ 827) N (%)

Anastomosis
Oversewn
(N ¼ 1195) N (%)

p-value

Anastomotic leak 24 (2.9%) 18 (1.5%) 0.030
Anastomotic bleeding 3 (0.4%) 4 (0.3%) >0.999
Prolonged ileus 54 (6.5%) 90 (7.5%) 0.39
LoS median (IQR) 7 (5, 11) 7 (5, 11) 0.021
Returned to theatre 61 (7.4%) 57 (4.8%) 0.014
Readmitted 30 days 64 (7.7%) 67 (5.6%) 0.055
Inpatient death 4 (0.5%) 6 (0.5%) >0.999
30-day mortality 3 (0.4%) 7 (0.6%) 0.54

LoS ¼ Length of stay; IQR ¼ interquartile ranges.
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Results of regression analyses for anastomotic leaks and other
surgical outcomes demonstrated that compared to patients who
experienced no anastomotic leak, for those patients who did have
an anastomotic leak the hospital length of stay for was 17 days
longer (OR 16.946, 95% CI 11.872e22.021)), theyweremore likely to
return to theatre (OR 138.878, 95% CI 56.898e338.976)), die within
hospital (OR 21.68, 95% CI 5.40e87.01), be readmitted within 30
days (OR 2.99, 95% CI 1.30e6.87)) and die within 30 days (OR 12.32,
95% CI 2.54e59.90).
3.3. Subgroup analysis for only colon cancers

When only colonic cancers were examined, 884 patients were
identified with colonic cancers, 864 patients (97.7%) had their
colonic anastomosis oversewn. Univariate logistic regression to
identify factors associated with an anastomotic leak in colonic re-
sections were laparoscopic converted to open surgery (OR 6.545,
95% CI 1.635e26.207), those with a history of arrhythmias (OR
3.365, 95% CI 1.084e10.445) and a left hemicolectomy compared to
a right hemicolectomy (OR 4.695, 95% CI 1.616e13.643). The
multivariable model with anastomotic leak as the dependent var-
iable identified that BMI (OR 1.109, 95% CI 1.028e1.196), a history of
arrhythmias (OR 3.879, 95% CI 1.138e13.223) and left sided cancers
(OR 7.640, 95% CI 1.664e35.067) were independent predictors.
Univariate analysis for primary outcomes identified that in colonic
resections there was no difference in anastomotic leak between the
oversewn and not oversewn group (OR 0.265, 95% CI 0.033e2.141).
Patients whose anastomosis was oversewn were less likely to re-
turn to theatre (OR 0.250, 95% CI 0.070e0.893), have medical
complications (OR 0.298, 95% CI 0.106e0.842), and have a small
bowel obstruction (OR 0.087, 95% CI 0.009e0.820). Whether a pa-
tient was oversewn had no effect on anastomotic bleeding, post-
operative ileus, inpatient death, 30-day mortality or 30-day
readmission.

4. Discussion

The current study is the largest single case series to determine
whether clinical outcomes in the surgical management of CRC are
affected by oversewing a doubled stapled anastomosis. This study
demonstrated that patients who did not have their anastomosis
oversewn had higher anastomotic leak rates and a higher propor-
tion returned to theatre.

Staple line reinforcement in upper gastrointestinal surgeries has
been identified as a protective factor in reducing anastomotic leak
rates from the staple line [16,17]. The 2015 European Society of
Coloproctology (ESCP) collaborating group aimed to determine the
relationship between stapling technique and anastomotic failure
for only right-sided colonic resections. The findings of their multi-
centre study do not support the practice of oversewing of the
anastomotic staple line to prevent anastomotic leak [11]. Another
recent study showed oversewing of the anastomosis, either partial
or complete, did not lower leak rates [12].

In the current study however, despite the low anastomotic leak
rate, oversewing was identified as a protective factor for anasto-
motic leak with oversewing halving the leak rate. Possible expla-
nations for the differences could be because all resections in our
cohort were either performed or supervised by specialist colorectal
surgeons trained and accredited by the Colorectal Surgical Society
of Australia and New Zealand. The ESCP collaborating group
included general surgeons in their analysis and identified that
although general surgeons operated on patients with more high-
risk characteristics than colorectal surgeons, a higher leak rate for
general surgeons remained after risk adjustment. Another expla-
nation is that both studies only examined right-sided cancers and
specifically where the intestinal anastomoses were created in a
side-to-side fashion whereas our study included all patients un-
dergoing both a colectomy and anterior resection. In our subset
analysis for only right-sided colonic cancers however, identified no
difference in anastomotic leak between the oversewn and not
oversewn group, which mirrors both aforementioned studies.

A Cochrane review found that operative times were longer with
oversewing of the anastomosis [18]. Studies have also shown
increased costs with oversewing associated with the price of the



Table 3
Multivariable analysis with oversewn as the dependent variable.

Odds Ratio 95% CI p-value

Age 1.019 1.007e1.033 0.003
Public vs. private hospital 1.670 1.152e2.421 0.007
ASA
1 Reference group
2 0.520 0.347e0.778 0.001
3 0.692 0.441e1.086 0.109
4 1.328 0.514e3.427 0.558

Operation type
Laparoscopic Reference group
Open 3.654 2.508e5.324 <0.001
Hybrid 1.739 1.064e2.841 0.027
Conversion 3.879 2.336e6.441 <0.001
Robotic 2.155 0.832e5.582 0.114
Transanal 1.000
TaTME 8.765 3.291e23.345 <0.001

Resection type
Right hemicolectomy Reference group
Left hemicolectomy 0.107 0.027e0.423 0.001
Anterior resect 0.005 0.003e0.010 <0.001
Subtotal/Total colectomy 0.111 0.056e0.219 <0.001

Anastomotic Technique
End-to-end Reference group
Side-to-side 3.003 1.427e6.320 0.004
End-to-side 0.902 0.585e1.393 0.642

ASA, American Society of Anestheologists; TaTME, trans anal total mesorectal
excision.

Table 4
Univariate analysis of anastomotic leak.

Odds ratio 95% CI p-value

Oversewn 0.512 0.276e0.949 0.034
Age 1.009 0.989e1.029 0.388
Public vs. private hospital 1.867 0.985e3.542 0.056
Female (cf. Male) 0.388 0.197e0.763 0.006
Rectal Cancer 2.016 1.072e3.792 0.03
ASA
1 Ref gp
2 0.848 0.335e2.142 0.727
3 1.598 0.669e3.815 0.291
4 1.417 0.289e6.957 0.667

Urgency
Elective Ref gp
Emergency 1.870 0.439e7.962 0.397
Urgent 0.437 0.059e3.212 0.416

Surgical Technique
Laparoscopic Ref gp
Open 3.365 1.649e6.870 0.001
Hybrid 1.942 0.555e6.797 0.299
Conversion 3.506 1.339e9.179 0.011
Robotic 3.236 0.412e25.431 0.264
Transanal 1.000 e e

TaTME 4.949 0.618e39.637 0.132
Extent of surgery
Right hemicolectomy Ref. gp
Left hemicolectomy 7.474 1.966e28.405 0.003
Anterior resection 2.199 1.050e4.605 0.037
Subtotal/Total colectomy 2.491 0.770e8.058 0.128

Current smoker
No Ref gp
Yes 0.826 0.197e3.463 0.794

BMI 1.064 1.017e1.113 0.008
BMI>30
No Ref gp
Yes 1.493 0.755e2.952 0.25

Insulin
No Ref gp
Yes 0.870 0.117e6.444 0.892

Oral hypoglycaemics
No Ref gp
Yes 1.347 0.561e3.235 0.505

IHD
No Ref gp
Yes 1.555 0.802e3.018 0.192

Arrhythmia
No Ref gp
Yes 2.343 1.137e4.830 0.021

Antiplatelet
No Ref gp
Yes 1.641 0.879e3.063 0.12

Tumour site
Right colon Ref gp
Left colon 2.181 1.024e4.645 0.043
Rectum 2.168 0.995e4.724 0.052

ASA, American Society of Anestheologists; BMI, bodymass index; Ref gp¼ reference
group; IHD, ischaemic heart disease; TaTME, trans anal total mesorectal excision.

Table 5
Multivariate analysis of anastomotic leak.

Odds Ratio 95% CI p-value

Rectal Cancer 13.858 5.023e38.23 <0.001
Tumour Site
Right colon Ref gp
Left colon 0.591 0.120e2.904 0.518
Rectum 0.005 0.001e0.046 <0.001
LoS 1.043 1.012e1.075 0.007
Return to theatre 101.540 36.218e284.67 <0.001
Inpatient death 7.629 1.106e52.61 0.039

LoS, Length of stay; Ref gp, reference group.
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additional suture material [19]. Although there may be costs of
using extra sutures to oversew the anastomosis, these costs are
minimal considering that we identified that oversewing is a pro-
tective factor. This study also found that compared to patients who
experienced no anastomotic leak, for those patients who did have
an anastomotic leak the hospital length of stay was 17 days longer,
they were more likely to return to theatre, die within hospital, be
readmitted within 30 days and die within 30 days.

In this cohort, anastomotic leaks translated into higher rates of
returning to theatre, 30-day readmission and mortality and longer
hospital length of stay. One factor influencing these rates could be
that patients a minority (3.6%) of patients having emergency/ur-
gent surgery did not have their DSA oversewn. The emergency
nature of the operation may be a potential surrogate for operative
complexity that might account for the difference in outcome.
Emergency presentations for colonic cancers reflects aggressive
tumour biology, prolongs operative and admission times and is a
stage-independent poor prognostic factor [20].

This study is limited by its retrospective nature; however, the
data are derived from a prospectively maintained database with
almost 100% complete data entry [14]. Requiring prospective data
entry, capturing patient-, disease and operation-specific factors,
minimized risk of reporting bias. Within the data, certain opera-
tions themselves impacted oversewing rates and created an
imbalance between the groups. Specifically, 95% of all anterior
resection cases were not oversewn, compared to 17% in the group
that was oversewn. On the contrary, 70% of all oversewn anasto-
moses were for right hemicolectomies compared to only 2% of the
ones that were not oversewn. In addition, only selected technical
elements of the stapled anastomosis were collected and analysed
within this study. There remains significant procedural variation
that was not explored, for example selection of staple height (i.e.
different stapler cartridges), either firing the stapler immediately or
waiting prior to cutting, isoperistaltic vs. antiperistaltic configura-
tion and luminal inspection for bleeding of the stapled anastomosis
after creation of the anastomosis. Finally, operator specialism and
level of consultant experience varies between the eleven colorectal
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surgeons, which would influence stapler selection and therefore
anastomotic construction.

5. Conclusion

In conclusion, oversewing a double-stapled anastomoses in
colorectal cancer surgery is a protective factor against anastomotic
leaks and reduces reoperative surgery rates. Further research is
required to determine whether oversewing is still protective when
anastomoses are performed homogenously.
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