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Abstract

Aim Reconstruction with an ileosigmoidal anastomosis
(ISA) or ileorectal anastomosis (IRA) is a surgical option
after a subtotal colectomy. Anastomotic leakage (AL) is a
problematic complication and high rates have been
reported, but there is limited understanding of the risk
factors involved. The aim of this study was to assess the
established and potential predictors of AL following ISA
and IRA.

Method This was a retrospective cohort study includ-
ing all patients who had undergone ISA or IRA at
three Swedish referral centres for colorectal surgery
between January 2007 and March 2015. Data regard-
ing clinical characteristics, treatment and outcome
were collected from medical records. Univariate and
multivariate logistic regression models were used to
determine the association between patient and treat-
ment related factors and the cumulative incidence of

AL.

Results In total, 227 patients were included. Overall,
AL was detected amongst 30 patients (13.2%). Amongst

patients undergoing colectomy with synchronous ISA
or IRA (one-stage procedure), AL occurred in 23 out
of 120 (19.2%) compared with seven out of 107 (6.5%)
after stoma reversal with ISA or IRA (two-stage proce-
dure) (P = 0.004). In addition, the multivariate analyses
revealed a statistically significantly lower odds ratio for
AL following a two-stage procedure (OR 0.10, 95% CI
0.03-0.41, P=0.001).

Conclusions This study confirms high rates of AL fol-
lowing ISA and IRA. In particular, a synchronous pro-
cedure with colectomy and ISA/IRA carries a high risk
of AL.

Keywords Ileorectal anastomosis, anastomotic leakage,
risk factors

What does this paper add to the literature?

This is the largest cohort study reporting on the inci-
dence and risk factors for anastomotic leakage follow-
ing ileosigmoidal anastomosis or ileorectal anastomosis.
A statistically significant increased risk was observed
following one-stage procedures.

Introduction

Anastomotic leakage (AL) is a significant complication
often needing reoperation and results in poor functional
outcomes and increased mortality [1,2]. Indications for
sub/total colectomy primarily include severe colitis due
to inflammatory bowel disease (IBD), colonic polyposis
or multifocal manifestation of high grade dysplasia or
colon cancer. After a subtotal colectomy, one surgical
option is reconstruction with an ileosigmoidal anasto-
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mosis (ISA) or ileorectal anastomosis (IRA) if the rec-
tum is free from major pathology. Another option is an
ileal pouch with anal anastomosis. However, there are
reports suggesting worse bowel function and decreased
female fertility after ileal pouch with anal anastomosis
compared to IRA [3-6]. Formation of an ISA or IRA is
not considered technically demanding, pelvic dissection
is not necessary and there is no tension at the
anastomosis which also has an excellent blood supply.
However, the reported risk of AL after IRA is high
(5.7-23.3%) compared with other anastomoses involv-
ing the colon and/or rectum [1,2,7-11]. The lowest
leakage rate, 1-8.1%, is seen after ileocolic anastomoses,
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which also involve the small and large bowel
[2,7,12,13]. There are no studies, however, analysing
potential determinants of the unexpectedly high inci-
dence of AL after ISA and IRA.

The objective of this study was to investigate the risk
factors for AL following colectomy with ISA or IRA.

Method

This is a retrospective cohort study investigating predic-
tors for AL following ISA or IRA. The study was con-
ducted at three Swedish referral centres for colorectal
surgery (Karolinska University Hospital, Ersta Hospital
in Stockholm and Linkoping University Hospital)
between January 2007 and March 2015. The Regional
Ethical Review Board in Stockholm approved the study
(2015/176-31/4). The study is reported in accordance
with the criteria set out in the Strengthening the
Reporting of Observational Studies in Epidemiology
(STROBE), checklist [14].

All patients consecutively registered in the hospitals’
databases under the procedural codes JFHO00, JFHO1
(open and laparoscopic colectomy with IRA), JEC40,
JEC41 (open and laparoscopic IRA), JFG29 (closure of
enterostomy with IRA) and JFH96 (other colectomy)
(Swedish Classification of Surgical Procedures) were eli-
gible. All operation reports were assessed and patients
were included if bowel reconstruction with ISA or IRA
was confirmed. The definition of the distinction
between ISA and IRA was an anastomosis higher than
15 cm above the anal verge. Study patients were fol-
lowed for 90 days postoperatively.

AL was defined as a verified defect in the anastomo-
sis or an abscess close to the anastomosis, in accordance
with the definition set by the International Study Group
of Rectal Cancer [15]. AL requiring no therapeutic
intervention was classified as Grade A, AL treated with
therapeutic intervention such as antibiotics or drainage
of intraabdominal fluid collection as Grade B, and AL
requiring re-laparotomy as Grade C. Antibiotic treat-
ment due to suspected abdominal or unknown infection
focus was not regarded as AL. Postoperative mortality
was defined as death within 90 days following surgery.

Detailed data on established and potential risk factors
for AL in connection with preoperative work-up, intra-
operative and surgical measures and postoperative
course were collected and investigated for prognostic
significance. The Surgical Apgar Score and the
Portsmouth Physiological and Operative Severity Score
for the Enumeration of Mortality and Morbidity
(P-POSSUM) were calculated [16,17]. Colectomy with
ISA or IRA performed in the same procedure was classi-
fied as a one-stage procedure, while ISA or IRA after

temporary ileostomy was classified as a two-stage proce-
dure. Other possible determinants investigated include
preoperative factors [gender, age at surgery, body mass
index (BMI)], smoking, the American Society of Anes-
thesiologists’ (ASA) physical status classification, num-
ber of comorbidities (diagnoses with active treatment
according to the medical records), emergency or elec-
tive surgery, indication for surgery (IBD or non-IBD),
use of non-steroidal anti-inflammatory drugs, preopera-
tive laboratory data (glomerular filtration rate, serum
levels of albumin, creatinine, sodium, potassium and
haemoglobin), preoperative systolic blood pressure and
heart rate, the presence of rectal mucosal inflammation
in patients with IBD, haemodynamic factors (lowest
recorded intra-operative body temperature, heart rate,
systolic and diastolic blood pressure, mean arterial
blood pressure and saturation), procedure related details
(laparoscopic or open surgery, conversion from laparo-
scopic to open procedure, intra-operative blood loss,
blood transfusions, duration of surgery, distance from
anal verge of the anastomosis, hand sewn or stapled
anastomosis, diameter of circular stapler, performance
of intra-operative air leak test) and postoperative factors
(time at postoperative ward, urine output and lowest
mean arterial blood pressure at postoperative ward, pain
according to visual analogue scale at the time of dis-
charge from postoperative ward, days to removal of
epidural anaesthetic catheter, days to first bowel move-
ment and need for total parenteral nutrition).

Statistics

All analyses were performed using the statistical soft-
ware programme STATA 12 (StataCorp 2011, College
Station, Texas, USA). Continuous variables were
reported as median and range. Categorical variables
were reported as frequencies and percentages. Wilcoxon
rank-sum and Fisher’s exact tests were used to compare
groups. A logistic regression analysis was performed to
assess possible predictors in univariate models with
two-sided confidence intervals of 0.95 (1 — o). Multi-
variate models were used to evaluate the confounding
effect of potential predictors on the relationship of
one/two-stage procedure and circular stapler’s diame-
ter with AL. Covariates that resulted in a change of
the point estimate larger than 10% were considered
confounders and included/excluded stepwise from the
final model.

Results

The database search with procedural codes identified
274 eligible patients (Fig. 1). According to the surgical

Colorectal Disease © 2017 The Association of Coloproctology of Great Britain and Ireland. 20, 30431 | 305

858017 SUOWWIOD aAIIea1D) 8|qeo ! [dde au Aq peuienob ae Sapiie YO ‘8sn JO SNl 10} AeIq1T8ULUO A8]IM UO (SUORIPUOD-PUR-SLLIBY/LICD"AB | 1M AlRIq 1 Ul |uo//Sdhy) SUORIPUOD pue sWe 1 8y} 88S *[9202/20/02] U0 AriqiTaulluo A8|IM ‘saikeiqi AisieAlun eIquin|od Aq 8E6ET IPOS/TTTT'OT/I0P/L0Y" A3 (1M AeIq U1 |UO//SdNY WOy pepeojumod ‘v ‘8TOZ ‘STETEIVT



Anastomotic leakage of ileorectal anastomoses

J. Segelman et al.

274
Patients in database
47
m— No ISA/IRA
227
Study cohort
120 107
One-stage Two-stage
23 7
AL AL

Figure | Flowchart.

reports, 47 did not have bowel reconstruction with
ISA/IRA. The remaining 227 patients, 112 women and
115 men, were included in the study. The distribution
across the three centres was Karolinska University
Hospital » = 160, Ersta Hospital » = 34 and Linkoping
University Hospital # = 33.

Details of the patient groups are shown in Table 1.
There were no age or sex differences between the
groups. The main indication for surgery in the 120
patients with colectomy and IRA (one-stage procedure)
was colon cancer (n =45, 37.5%), polyposis (n =41,
34.2%) and IBD-associated colitis (7 = 31, 25.8%). The
107 patients with ISA/IRA at stoma reversal (two-stage
procedure) had IBD-associated colitis (7 = 82, 76.7%),
colon cancer (n =10, 9.3%) and polyposis (7 =2,
1.9%). Sixteen patients had other diagnoses.

Laparoscopic surgery was used in 31 of 227 (13.7%)
patients, with conversion to open surgery in six. The
median operating time was 190 min (range 52—
643 min). The median intra-operative blood loss was
150 ml (range 0-2700 ml) and 10 patients received
blood transfusions. Intra-operative air leakage testing was
performed in 119 (52.4%) participants and air leakage
was noted in eight (6.7%). Of the latter, six underwent
suture repair of the anastomosis and two underwent for-
mation of a new anastomosis within the same operation.

None of the patients with positive air leakage test during
surgery developed AL postoperatively.

The cumulative incidence of AL was 13.2% (30 of
227). The leakages were detected postoperatively on
median day 6 (range 1-26). No patient had AL Grade
A, 11 (4.8%) had Grade B and 19 (8.4%) Grade C. An
additional 16 study patients (7.0%) were treated with
antibiotics for suspected abdominal infection but did
not develop a radiologically or clinically evident AL.

The 90-day in-hospital mortality was 0.4%, as one of
227 study patients died on day 52 after surgery due to
complications related to AL.

The distribution of exposures between patients with
and without AL, as well as a univariate regression analy-
sis of these, is reported in Table 1 (established predic-
tors of AL in colorectal surgery) [13] and Table 2
(potential predictors). The majority of epidemiological /
demographic, biochemical, physiological and procedure
related factors, listed in Method, were not statistically
different for patients with AL compared with patients
without AL (Tables 1 and 2, some data not shown).
AL was diagnosed in 10.6% (12 of 101) of IBD patients
and 15.8% (18 of 114) of non-IBD patients (P = 0.33).
The cumulative incidence of AL was 19.2% (23 of 120,
seven Grade B and 16 Grade C) after one-stage proce-
dures compared with 6.5% (7 of 107, four Grade B and
three Grade C) after two-stage procedures (P = 0.004).
The grade of AL was not statistically different between
one- and two-stage procedures (P = 0.37). Anastomotic
technique (stapled »s hand sewn) was not related to AL
[11.8% (14 of 119) »s 14.8% (16 of 108); P = 0.56].
Among patients with stapled anastomoses no leaks were
registered after application of a linear cutter (0 of 10).
For circular staplers, AL was more common for staplers
with a diameter > 30 mm than < 30 mm [33.3% (8 of
24) vs7.5% (6 of 80); P = 0.003].

Logistic regression analysis

The univariate logistic regression analysis confirmed the
results of the comparisons between the groups. AL was
less frequent after a two-stage procedure compared with
a one-stage procedure (OR 0.30, 95% CI 0.12-0.72,
P =0.004). The use of circular staplers with a diameter
smaller than 30 mm resulted in decreased OR for AL
(diameter > 30 mm OR 6.17, 95% CI 1.88-20.2). The
overall effect of the device’s diameter on AL was statisti-
cally significant (P = 0.003).

In the multivariate analysis, the prognostic signifi-
cance of a two-stage procedure compared with a one-
stage procedure was confirmed, with an OR of 0.10
(95% CI 0.03-0.41) (P <0.001) in the analysis when
adjusted for age, ASA score, preoperative white blood
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Table | Comparison between the group without AL »s the group with AL and univariate regression analysis of predictors of AL in
ileosigmoidal and ileorectal anastomoses, according to established predictors in colorectal surgery.

Count data presented as frequency (percentage) and continuous data presented as median (range). AL, anastomotic leakage; ASA,
American Society of Anesthesiologists; BMI, body mass index; IBD, inflammatory bowel disease; IRA, ileorectal anastomosis; ISA,

ileosigmoidal anastomosis.

*Wilcoxon rank-sum test for continuous variables and Fisher’s exact test for categorical variables.

TOverall P value.

count, operating time and performance of air leakage
test. No significant interactions were detected for these
covariates. The effect of the circular stapler’s diameter
was not statistically significant in the final model
(P=0.156).

Discussion

In this cohort study, 227 patients with mainly IBD,
polyposis syndromes and colorectal cancer underwent

formation of an ISA or IRA. Overall, AL occurred in
30 patients (13.2%). A two-stage procedure was associ-
ated with an OR of 0.10 (95% CI 0.03-0.41) for AL
compared with a one-stage procedure.

The occurrence of AL in the present study is similar
to the findings in a nationwide register study, reporting
AL in 13.4% of 178 colon cancer patients undergoing
subtotal colectomy [2]. The overall frequency of AL in
the 15 667 patients undergoing colorectal resections
was 7.5%. Other studies report a frequency of AL after
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Table 2 Comparison between the group without AL s the group with AL and univariate regression analysis of potential predictors
of AL in ileosigmoidal and ileorectal anastomoses.

Count data presented as frequency (percentage) and continuous data presented as median (range). AL, anastomotic leakage; EDA,
epidural anaesthesia; IRA, ileorectal anastomosis; N /A, not applicable.
*Wilcoxon rank-sum test for continuous variables and Fisher’s exact test for categorical variables.

TOverall P value.
iIncludes linear and circular stapler.

ISA and IRA of between 5.7% and 23.3% [1,8-11].
Inconsistency in the definition of AL is a common
problem when reviewing the literature [18].

Numerous studies have presented risk factors for AL
in colorectal surgery [2,10,13,19,20]. However, the
majority are based merely on patients with colorectal

cancer. In addition, studies including patients undergo-
ing an IRA have been mixed with other anastomotic
sites, making assumptions of specific risk factors for
increased leakage after IRA difficult.

In the current study, only the one-stage procedure
was a significant predictor of AL. In contrast to
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previous studies, there was no association between
patient related variables such as age, sex, BMI, ASA
score, smoking or the number of comorbidities and the
risk of AL [2,12,13,19,20]. The absence of these associ-
ations may be explained by the facts that IRA is per-
formed primarily in the predominantly young and
otherwise healthy group of patients with IBD or poly-
posis syndromes and that there is no need for pelvic dis-
section in IRA [13,20-22]. Long operating times
[13,19,23], intra-operative blood loss and blood trans-
fusions [8,10,24,25] have been demonstrated to
increase the risk for AL in colorectal surgery. These fac-
tors presumably reflect intra-operative difficulties, which
are rare in IRA. In the present study, with a reasonable
median operating time and low blood loss, no such
relationship could be identified.

No difference in AL between the use of a stapled
or hand sewn anastomosis was identified, which was
similar to a Cochrane review identifying no superiority
of either technique [25]. The overall effect of the sta-
pler’s diameter was not significant in the multivariate
analysis and had no confounding effect in the final
model. The number of evaluated procedures was lim-
ited, and no conclusions regarding stapler diameter
and risk of AL can be drawn from the current data.

Intra-operative testing for air leakage was not associ-
ated with AL. This method is effective to identify and
correct a potential leakage before wound closure, but its
role in preventing a leakage is uncertain [13]. The
implementation of the laparoscopic technique has been
slow in Sweden [26]. No difference in AL between
open or laparoscopic surgery was seen in the current
study, but the number of laparoscopic procedures was
limited. Current evidence reports no clear superiority of
either technique regarding AL [13].

There was no difference in AL between ISA and
IRA, indicating that the height of the anastomosis is
not predictive for the risk of AL. The records of the
operations were difficult to analyse in respect of which
vessels were divided or preserved. The proximal small
bowel end of the anastomosis usually has sufficient
perfusion, and tension is seldom an issue. For benign
indications, the mesocolon can be transected close to
the bowel, leaving the superior rectal artery intact. In
colorectal cancer surgery, the impact of a high liga-
tion of the inferior mesenteric artery on AL is not
clear [20,27-29]. Likewise, it is uncertain if the per-
fusion of the distal part of the ISA or IRA is a criti-
cal factor in explaining the high risk of AL. It is
possible that the perfusion of the rectal stump or
remaining sigmoid increases postoperatively after
colectomy, which may contribute to our finding of
decreased AL in two-stage procedures. Ischaemic

conditioning of the gastric conduit has improved
mucosal oxygen saturation 4-5 days after oesophageal
resection [30].

The two-stage procedure with IRA was carried out
mainly in patients with IBD, where the indication
would be an inflammatory state considered unsuitable
for a primary anastomosis [31]. Crohn’s disease is
demonstrated to have higher morbidity rates than other
indications following surgery with IRA [1]. IBD was
not a significant predictor of AL in the present study.
Patients selected for a one-stage procedure had mainly
colorectal cancers or polyposis syndromes.

Even though great effort has been made to correct
for possible bias and confounding by using multiregres-
sion models, there may always be factors in retrospective
cohort studies that are either hidden or difficult to cor-
rect for but that may have an effect on the outcome.
Possible confounders that may have influenced the
choice of a one- or two-stage procedure could be alco-
hol consumption and preoperative weight loss, which
we were not able to adjust for [13]. Blood loss, operat-
ing time and surgical caseload could be regarded as
proxies for surgical difficulties and quality, but other
unknown factors may exist. The study included patients
from three referral centres for colorectal surgery, which
may introduce a risk of selection bias. Registration of
some of the variables was incomplete. The applied defi-
nition criteria for AL may underdiagnose AL (misclassi-
fication), as not all patients with abdominal infections
had a radiological examination with rectal contrast.
Potential misclassification may also have occurred in
variables such as ASA scoring, the amount of rectal
inflammation and the anastomotic distance from the
anal verge, factors that were estimated by different
clinicians.

In this study the adjusted OR for the two-stage pro-
cedure had a remarkable effect estimate with a narrow
CI and consequently a low probability of being caused
by chance. When established risk factors for AL in col-
orectal surgery were analysed, no significant associations
were seen. This may be the consequence of a type II
error (lack of power) due to the restricted number of
patients and events (AL).

Conclusion

The 13.2% rate of AL in this study represents a high
frequency of leakage after a relatively straightforward
surgical procedure in a reasonably young and healthy
patient population. Our findings suggest that previously
identified risk factors for AL in bowel surgery may not
have the same importance in patients selected for ISA
or IRA. The two-stage procedure has the disadvantage
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