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Abstract

Background: Anastomotic leak rates after colorectal surgery remain high. In most left-sided colon and rectal resection surgeries, a
circular stapler is utilized to create the primary bowel anastomosis. However, it remains unclear whether a relationship between
circular stapler technology and anastomotic leak in left-sided colorectal surgery exists.

Methods: A post-hoc analysis was conducted using a prospectively collected data set of patients from the 2017 European Society of
Coloproctology snapshot audit who underwent elective left-sided resection (left hemicolectomy, sigmoid colectomy, or rectal
resection) with a manual circular stapled anastomosis. Rates of anastomotic leak and unplanned intensive care unit stay in
association with manual circular stapling were assessed. Patient-, disease-, geographical-, and surgeon-related factors as well as
stapler brand were explored using multivariable regression models to identify predictors of adverse outcomes.

Results: Across 3305 procedures, 8.0% of patients had an anastomotic leak and 2.1% had an unplanned intensive care unit stay.
Independent predictors of anastomotic leak were male sex, minimal-access surgery converted to open surgery, and anastomosis
height C11 (lower third rectum) (all P <0.050). Independent predictors of unplanned intensive care unit stay were minimal-access
surgery converted to open surgery and American Society of Anesthesiologists grade IV (all P <0.050). Stapler device brand was not a
predictor of anastomotic leak or unplanned intensive care unit stay in multivariable regression analysis. There were no differences
in rates of anastomotic leak and unplanned intensive care unit stay according to stapler head diameter, geographical region, or
surgeon experience.

Conclusion: In patients undergoing left-sided bowel anastomosis, choice of manual circular stapler, in terms of manufacturer or head
diameter, is not associated with rates of anastomotic leak and unplanned intensive care unit stay.

Introduction missed work time®. ICU stays after colorectal surgery (with or
without anastomosis) are also a costly complication® and AL is
consistently associated with greater ICU usage'®. Furthermore,
an unplanned ICU stay after colorectal surgery is typically
attributable to post-operative morbidity’* and represents an
independent risk factor for mortality’®. Given the substantial
burden of these surgical complications, prevention, early
detection, and prompt treatment of AL, as well as the
prevention or reduction of unplanned ICU stays, are essential to
improve outcomes for patients.

There are a number of possible causes for a complication after
anastomosis, including patient and procedural factors. Reported
patient factors include malnutrition, obesity (BMI greater than

Up to one-third of patients experience some form of complication
as a result of colorectal surgery, ranging from relatively minor
(Clavien-Dindo grade I) to fatal (Clavien-Dindo grade V)*. These
complications can have a negative long-term impact on
patients’ quality of life**. Anastomotic leak (AL) and unplanned
intensive care unit (ICU) stays are well-known complications of
colorectal surgery®®; AL is perhaps the most clinically
significant complication®’. AL can result in intra-abdominal
abscess, wound infection, bowel obstruction, or rupture of the
operation wound, or require reoperation®®, Patients with AL
consequently have a 14.5 times higher risk of multiple organ
failure and a 23.7 times higher risk of sepsis, compared with
patients without AL®?, and mortality approaching 1 in 3
patients®®. In addition to the «clinical burden, AL and
Al-associated reoperations or re-interventions place a high

30 kg/m?), diabetes, and American Society of Anesthesiologists
(ASA) grade greater than II'**°. Intraoperative factors include
technical failure, such as improper use of a stapler, impaired

burden on patients3’5, who may suffer physically, bowel blood supply, and increased anastomotic tissue tension®®.
psychologically, and in some cases financially due to the Circular staplers have been demonstrated to reduce the risk of
potential need for a stoma, the extended recovery interval, and AL versus handsewn sutures, particularly in the rectum and left
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colon; however, the use of a circular stapler does not eliminate
this complication.

Male sex, low anterior resection, and patient co-morbidity are
widely reported predictors of AL'. However, pre-surgery risk
assessments for AL among patients undergoing colorectal
surgery with anastomosis still lack predictive accuracy®’*®.
Reporting real-world outcomes after surgical intervention is
consequently an important step in understanding the impact of
these different risk factors. Since 2015, the European Society of
Coloproctology (ESCP) has developed pioneering prospective
cohort studies aimed at understanding real-world colorectal
practice, addressing key research topics on right-sided
resections in 2015 and left-sided resections in 2017019722,

The objective of this analysis was to use the 2017 ESCP
snapshot data to quantify rates of AL and unplanned ICU stay
among patients undergoing a left hemicolectomy, sigmoid
colectomy, or rectal resection for which the surgeon used a
manual circular stapler. Another objective was to better
understand the predictors associated with these complications
by answering two research questions: is use of these staplers
associated with AL and unplanned ICU stay?; and are any
patient-, disease-, geographical-, surgeon-, or stapler-related
factors predictors of these adverse outcomes?

Methods
Data collection

A post-hoc analysis was conducted using prospectively collected
data from the 2017 ESCP international, observational snapshot
audit of left colon, sigmoid, and rectal resections (as reported
previously)''%?°?? Local investigators collected data for all
eligible operations (left colon, sigmoid, and rectal resections)
between February 2017 and June 2017 with follow-up through 30
days after surgery. Data were captured for 5641 patients at 335
sites across 49 countries, including 15 countries outside of
Europe. Inclusion criteria were as per the ESCP protocol?, with
the addition of age greater than or equal to 16 years and
recorded use of manual circular stapled anastomosis in the
primary procedure.

Outcomes of interest

The primary outcomes of interest were to quantify the incidence
of AL (defined as proven AL and/or intra-abdominal collection,
as per the primary outcome measure in the parent ESCP
study?®) and unplanned ICU stay in patients undergoing a left
hemicolectomy, sigmoid colectomy, or rectal resection for which
the surgeon used a manual circular stapler, and to better
understand predictors associated with complications after
anastomosis. The schematic of operation resection margins
used in the original ESCP snapshot audit is provided in Fig. 1.

Covariables used as potential predictors of circular
stapling-related complications (AL and unplanned ICU stay)
included patient demographics, clinical characteristics, and
procedural characteristics, and are detailed in Table S1.

Finally, a sub-analysis was conducted in relation to the device
used. For this purpose, device brands were anonymized and
categorized as group A (all procedures using device brand 1
only), group B (procedures using a branded device excluding
brand 1), or unrecorded (procedures using a device whose brand
was not specified). A post-hoc exploratory analysis was also
performed exploring the relationship between stapler head
diameter and the same adverse outcomes.

Statistical analyses

This was an exploratory, post-hoc analysis that aimed to generate
hypotheses for both future research studies and for validation in
further prospective ESCP snapshot audits and potential
prospective controlled trials. No formal statistical hypothesis
testing was conducted and all statistical tests and associated P
values should be considered exploratory.

Data are presented as n (%) for categorical variables and as
mean(s.d.) for continuous variables. A standardized mean
difference (SMD) was calculated to measure the imbalance
between two groups. A preference score analysis was conducted
to confirm the comparability of the three anonymized brand
groups?*.

Multivariable analysis of complications by stapler brand (group
A versus group B, excluding unrecorded) was conducted using a
regularized logistic regression model (least absolute shrinkage
and selection operator (LASSO) regression) to identify the
variables associated with complications; all potential
covariables at baseline (including stapler brand) were included
and the final LASSO models deselected irrelevant covariables by
shrinking their coefficients to zero. Excluding these covariables
as complication predictors, OR estimates for binary outcomes
are reported for all covariables with statistical significance (P <
0.050) from a logistic regression model for binary outcomes.
Missing continuous variables (for age, body mass index (BMI),
preoperative albumin, and preoperative haemoglobin) were
imputed using the population median value. The unrecorded
group was removed from the multivariable analysis because
this group included a mixture of unknown brands and was not
suitable for comparison with group A or group B.

Analysis was conducted using a chi-squared test for categorical
variables and ANOVA for continuous variables. Subgroup
analyses wusing descriptive statistics were conducted to
summarize rates of AL and unplanned ICU stay for stapler head
diameter, geographical region, and surgeon experience.

Role of the funding source

The ESCP research network independently conducted data
collection, subsequent data cleaning, and anonymization of the
data set. Johnson & Johnson provided funding to ESCP to enable
post-hoc, secondary analysis of the data set. This secondary
analysis of the cleaned, anonymized data set was conducted by
Johnson & Johnson, with clinical oversight and input from the
ESCP. Manuscript development was funded by Johnson & Johnson.

Results

Patient population

A total of 5641 eligible records were assessed for inclusion in the
analysis, from which 3396 procedures using manual circular
staplers were identified. After excluding emergency procedures,
the analysis included 3305 procedures (Fig. 2). Overall, 8.0% of
patients experienced AL and 2.1% of patients had an unplanned
ICU stay. Patients were analysed within three defined groups:
group A (1378 patients), group B (1738 patients), and unrecorded
(189 patients).

Overall, the mean patient age was 64 years, 58% of patients
were male, and the mean(s.d.) BMI was 26.8(4.7) kg/m?. Most
patients were ASA grade II (55%) or grade III (27%), had no
history of ischaemic heart disease/stroke (85.9%), were not
diabetic (86.1%), had no history of anticoagulant treatment
(87.2%), and had never smoked (59.6%) (Table 1).
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Fig. 1 Definitions for height of resection margins (C1 through Cx)
Adapted from ESCP Cohort Studies and Audits Committee?®.

Baseline patient demographics and clinical characteristics
were generally well matched across group A, group B, and the
unrecorded group (Table 1). Only history of ischaemic heart
disease/stroke, preoperative haemoglobin, preoperative enteric
fistula, and preoperative intra-abdominal or pelvic abscess
within 3 months of surgery had P<0.050 and only preoperative
haemoglobin had an SMD greater than 0.1 (Table 1 and Table S2).
The preference score analysis demonstrated that equipoise was
observed in group A versus group B, but not group A versus the
unrecorded group (Fig. S1).

Predictors of anastomotic leak and unplanned ICU
stay

Male sex versus female sex (P <0.001), laparoscopic converted to
open operative approach versus laparoscopic operative approach
(P=0.003), robotic converted to open operative approach versus
laparoscopic operative approach (P=0.026), and anastomosis
height C11 (lower third rectum) versus anastomosis height C9
(upper third rectum) (P < 0.001) were significant predictors of an
increased risk of AL in multivariable analysis (Fig. 3).

A total of three significant predictors of an increased risk of
unplanned ICU stay were identified as follows: robotic converted
to open operative approach versus laparoscopic operative
approach (P<0.001), laparoscopic converted to open operative
approach versus laparoscopic operative approach (P=0.020), and
ASA grade IV versus ASA grade I (P=0.027) (Fig. 4). Albumin was
the only significant predictor of a reduced risk of unplanned ICU
stay, predicting a 4% reduced risk with every one unit increase
in albumin level (P=0.011).

Stapler device brand was not identified as a significant
predictor of AL (Table S3) or unplanned ICU stay in the
multivariable regression models (Figs 3, 4).

Exploratory descriptive analysis by stapler head diameter less
than or equal to 29 mm (2213 patients; 66.8%) versus greater
than 29 mm (1092 patients; 32.2%) showed no significant

The proximal level of bowel transection may be at C1 to C9.
The distal level of bowel transection may be at C4 to Cx.
C1 - hepatic flexure

C2 - proximal third transverse

C3 - distal third transverse

C4 - splenic flexure

C5 - proximal descending

C6 - distal descending

C7 - mid sigmoid

C8 - rectosigmoid junction

C9 - upper third rectum

C10 - mid third rectum

C11 - lower third rectum

Cx - no distal resection margin: complete excision of rectum
and anal canal (e.g. abdominoperineal resection)

Eligible and completed records
uploaded to the 2017 ESCP
database n = 5641

Excluded from analysis n = 2245
Aged <16 years
Did not receive anastomosis
Device for primary anastomosis
was suture or linear stapler

Manual circular staplers as the
device for primary anastomosis
n =3396

Excluded from analysis n = 91
Emergency surgery

A

Patients undergoing elective

surgeries and included in this
analysis n = 3305

Fig. 2 Patient flow chart for records included in the analysis
ESCP, European Society of Coloproctology.

differences in the rates of AL and unplanned ICU stay according
to stapler head diameter (Table 2). Similarly, analysis stratified
by stapler head diameters of less than 28, 28, 29, 30/31, or
greater than 31 mm found no differences in the rates of AL and
unplanned ICU stay (Table S4).

There was no difference in the rate of AL according to
geographical region, with 4.4-9.2% of patients experiencing AL?
(Table 3 and Table S5). There was a difference in the rate of
unplanned ICU stay according to geographical region (P=0.003)
(Table 3); however, this difference should be interpreted with
caution because of small numbers.

There were no differences in incidence rates according
to surgeon experience, with similar rates of AL and
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Table 1 Patient demographics and clinical characteristics

Group A (n=1378) Group B (n=1738) Unrecorded (n = 189) Total (n=3305) p*
Sex 0.762
Male 58.5 57.4 593 57.9
Female 415 42.6 40.7 42.1
Age (years), mean(s.d.) 64.43(12.6) 64.1(12.3) 65.5(11.1) 64.3(12.3) 0.304
BMI (kg/m?), mean(s.d.) 26.9(4.9) 26.7(4.5) 26.3(4.8) 26.8(4.7) 0.189
ASA grade
I 210 (15.2) 255 (14.7) 34 (18.0) 499 (15.1) 0.057
1 789 (57.3) 950 (54.7) 89 (47.1) 1828 (55.3)
11 337 (24.5) 495 (28.5) 58 (30.7) 890 (26.9)
v 30 (2.2) 31(1.8) 6(3.2) 67 (2.0)
Missing 12 (0.9) 7(0.4) 2 (1.1) 21 (0.6)
History of anticoagulant treatment
Yes 154 (11.2) 236 (13.6) 30 (15.9) 420 (12.7) 0.055
No 1223 (88.8) 1501 (86.4) 159 (84.1) 2883 (87.2)
Missing 1(0.1) 1(0.1) 0(0.0) 2(0.1)
History of diabetes mellitus
Yes, on any treatment 198 (14.4) 233 (13.4) 26 (13.8) 457 (13.8) 0.731
No 1177 (85.4) 1504 (86.5) 163 (86.2) 2844 (86.1)
Missing 3(0.2) 1(0.1) 0(0.0) 4(0.1)
History of ischaemic heart disease/stroke
Yes 194 (14.1) 232 (13.3) 39 (20.6) 465 (14.1) 0.023
No 1182 (85.8) 1506 (86.7) 150 (79.4) 2838 (85.9)
Missing 2(0.1) 0(0.0) 0(0.0) 2(0.1)
Smoking history
Current smoker 170 (12.3) 227 (13.1) 28 (14.8) 425 (12.9) 0.565
Never smoked 810 (58.8) 1049 (60.4) 111 (58.7) 1970 (59.6)
Ex-smoker (quit >6 weeks ago) 365 (26.5) 410 (23.6) 46 (24.3) 821 (24.8)
Ex-smoker (quit <6 weeks ago) 22 (1.6) 36 (2.1) 4(2.1) 62 (1.9)
Missing 11 (0.8) 16 (0.9) 0(0.0) 27 (0.8)

Values are n (%) unless otherwise indicated. *P-values are based on ANOVA for continuous variables, and chi-square for categorical variables. BMI, body mass index.

Reference level

Variable OR (95% c.i.)

Operative approach:
laparoscopic

Anastomosis height
C9 (upper third rectum)

Female sex

Operative approach:
laparoscopic

Operative approach:
robotic converted to open

Anastomosis height
C11 (lower third rectum)

Male sex
Operative approach:

laparoscopic converted
to open

Fig. 3 Predictors of anastomotic leak: group A versus group B only

3.94 (1.17,13.20) P =0.026 — o>
2.61(1.77,3.87) P <0.001 —e—
1.88 (1.38,2.57) P <0.001 —o—
1.86 (1.24,2.79) P =0.003 —o—
. L

Arightward trend indicates a greater risk of complication versus the reference level and a leftward trend indicates a reduced risk of complication versus the reference
level (that is OR values less than 1.0 indicate a reduced risk and OR values greater than 1.0 indicate an increased risk). Analysis was performed using regularized
logistic regression models (least absolute shrinkage and selection operator; LASSO).

unplanned ICU stay for trainee and consultant surgeons (Table 4
and Table S6).

Use of manual circular stapler technology and
anastomotic leak or unplanned ICU stay

The rate of AL was comparable across the three device groups
(Table 5) and bivariable analysis did not identify any significant
effects of stapler device brand on rates of AL and unplanned ICU
stay.

Discussion

Complications after colorectal surgery are associated with worse
patient outcomes®'®?°. Despite advances in surgical technology

and techniques, AL in colorectal surgery continues to occur at
unacceptable rates, causing pelvic sepsis, risk of permanent
stoma, and increased all-cause mortality®®. Unplanned ICU stay
after colorectal surgery is a costly complication?, also
associated with increased mortality'’. This study explores the
relationship between a specific technology (the manual circular
stapling device) and the occurrence of AL/unplanned ICU stay in
an international cohort of patients. Further analyses sought to
determine whether there were differences in rates of AL and
unplanned ICU stay according to stapler brand and head
diameter, according to stapler use by geographical region, and
according to surgeon experience regarding stapler use.

Before conducting this analysis, a feasibility assessment
confirmed that baseline patient demographics and clinical
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Reference level Variable

OR (95% c.i.)

Operative e_lpproach: Opergtlve approach: 13.94 (3.47,56.00) P <0.001

laparoscopic robotic converted to open

ASA grade | ASA grade IV 5.49 (1.21,24.88) P =0.027 ———»

Operative approach: Operative approach:

laparoscopic laparoscopic converted 2.34 (1.14,4.79) P =0.020 —e——
to open

Not applicable Albumin 0.96 (0.92,0.99) P =0.011 -

Fig. 4 Predictors of unplanned ICU stay: group A versus group B only

Arightward trend indicates a greater risk of complication versus the reference level and a leftward trend indicates a reduced risk of complication versus the reference
level (thatis OR values less than 1.0 indicate a reduced risk and OR values greater than 1.0 indicate an increased risk). There is no reference level required for albumin

as it is a continuous variable. ICU, intensive care unit.

Table 2 Incidence rates of complications stratified by stapler
head diameter (pooled analysis, all procedures)

<29 mm >29 mm Total P

(n=2213) (n=1092) (n=3305)
Anastomotic leak 168 (7.6) 96 (8.8) 264 (8.0)  0.231
Unplanned ICU stay 49 (2.2) 20 (1.8) 69 (2.1) 0.469

Values are n (%). Analysis used the chi-squared test. ICU, intensive care unit.

characteristics were generally well matched across the three
stapler groups, although the unrecorded group was a small and
potentially heterogeneous group. There was no significant effect
of stapler device brand on rates of AL and unplanned ICU stay,
with similar rates across device brands. However, it is possible
that brand selection between patient groups may vary between
regions and surgeons, and these interactions were not examined
in this study.

Patient demographics and clinical characteristics were
significant predictors of AL and unplanned ICU stay, consistent
with the authors’ previous report on left-sided anastomosis not
limited to manual circular staples’, suggesting these patient
factors are not influenced by the use of manual circular stapling.

The rate of AL in the present study (8%) is consistent with the
range previously reported in the literature (4-15%)>'%152
Multivariable analysis identified male sex versus female sex,
minimal-access surgery converted to open surgery versus
laparoscopic surgery, and anastomosis height C11 (lower third
rectum) versus anastomosis height C9 (upper third rectum) as
key predictors of AL, consistent with the literature'®**. Notably,
procedures that required conversion to open surgery resulted in
a two to four times greater risk of AL, compared with those
completed via minimally invasive approaches. However,
patients requiring conversion to open surgery may represent
those who were high risk before surgery and the rate of
complications is typically higher for open surgery””; some
complications in the conversion to open surgery group may
therefore be due to the open surgery itself.

Robotic or laparoscopic procedures requiring conversion to
open surgery versus laparoscopic approach, as well as ASA grade
IV versus ASA grade I, were significant predictors of an increased
risk of unplanned ICU stay. In previous studies, preoperative
surgical judgement of risk of AL was reported to have low
accuracy for prediction of ALY thus improving patient

selection processes for surgery may help reduce complication
rates. There was a significant association between albumin level
and a reduced risk of unplanned ICU stay, with every one unit
increase in albumin inferring a 4% reduced risk. This is
consistent with previous literature describing low preoperative
albumin level as an independent predictor of increased
morbidity after colorectal surgery’. The patient demographics
and clinical characteristics identified as predictors of an
increased risk of AL in the present study may aid surgeon
decision-making for patients undergoing left hemicolectomy,
sigmoid colectomy, or rectal resection operations requiring
anastomosis.

Finally, there was no association between the incidence of AL or
unplanned ICU stay and stapler head diameter, geographical
region, or surgeon experience, apart from a difference in the
incidence of unplanned ICU stay according to geographical
region. As these were descriptive analyses, these factors were
not included in the multivariable models; however, the
difference observed in the incidence of unplanned ICU stay
indicates that future research on these factors may be valuable.

The present analysis was a post-hoc analysis, based on
non-randomized, prospectively collected data, and all results
should be interpreted in consideration of the limitations inherent
to this study design. The patient demographic and clinical factors
available, including co-morbidities, were limited to those collected
according to the ESCP audit protocol; consequently, analysis of
other patient-related predictors of AL was not possible.
Furthermore, the data were predominantly collected in Europe
and were limited to those hospitals that participated in the ESCP
audit, potentially limiting the generalizability of the results. It
should also be acknowledged that a complex series of factors
influence the availability of stapling devices at each hospital,
including supply chains and procurement decisions often made at
a non-clinical level. This study did not include any assessment of
health economic or cost-effectiveness profiles between device
brands. It is also true that, in some resource-limited settings, the
availability of circular stapling devices may be very limited. In
such circumstances a handsewn anastomosis may be utilized by
some surgeons. This post-hoc analysis only included patients
undergoing circular stapled anastomosis; results from the entire
cohort including those having a handsewn, linear stapled, or no
anastomosis have been reported previously™%?12?,

As the fundamental aim of this research was to inform future
research questions about complications after anastomosis, no
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Table 3 Incidence rates of complications stratified by geographical region

Non-EU Eastern Europe Northern Europe Southern Europe Western Europe Total P

(n=228) (n=369) (n=855) (n=1290) (n=499) (n=3241)
Anastomotic leak 10 (4.4) 32 (8.7) 79 (9.2) 97 (7.5) 40 (8.0) 258 (8.0) 0.166
Unplanned ICU stay 5(2.2) 0 (0.0) 25 (2.9) 21 (1.6) 17 (3.4) 68 (2.1) 0.003

Values are n (%). Analysis used the chi-squared test. The null hypothesis was that there was no difference among the five groups. EU, European Union; ICU, intensive

care unit.

Table 4 Incidence rates of complications stratified by surgeon in charge

Trainee (n =253) Consultant (n = 3049) Missing (n = 3) Total (n =3305) P
Anastomotic leak 18 (7.1) 246 (8.1) 0 (0.0) 264 (8.0) 0.760
Unplanned ICU stay 5(2.0) 64 (2.1) 0 (0.0) 69 (2.1) 0.960

Values are n (%). Analysis used the chi-squared test. The null hypothesis was that there was no difference among the three groups. ICU, intensive care unit.

Table 5 Incidence rates of complications stratified by stapler brand (bivariable analysis)

Group A (n=1378) Group B (n=1738) Unrecorded (n = 189) Total (n =3305) P
Anastomotic leak 114 (3.3) 137 (7.9) 13 (6.9) 264 (8.0) 0.781
Unplanned ICU stay 34 (2.5) 31(1.8) 4(2.1) 69 (2.1) 0.415

Values are n (%). Analysis used the chi-squared test. The null hypothesis was that there was no difference among the three groups. ICU, intensive care unit.

formal statistical hypothesis testing was conducted. Subgroup
analyses for stapler head diameter, geographical region, and
surgeon experience are descriptive and all statistical tests and P
values for statistical significance should be considered
exploratory.

Overall, no link between AL and manual circular stapler device
was documented. The descriptive analysis also showed no
differences in the rate of AL according to stapler head diameter,
geographical region, or surgeon experience. If surgeon training
or device features are a cause of AL, these appear to have a
similar effect across device brands, geographical regions, and
surgeon experience, while patient factors remain the strongest
predictors of AL.
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