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Abstract

Background Anastomotic surgical recurrence after bowel resection in Crohn’s disease patients is problematic. This study was
performed to evaluate the increased risk of anastomotic surgical recurrence.

Methods From 2006 to 2016, we performed anastomoses in 215 consecutive Crohn’s disease patients. The cohort was divided
into two groups: Kono-S anastomosis (n=117) and end-to-end anastomosis (n = 98). Multivariate analysis of predictors of
anastomotic surgical recurrence and Kaplan—Meier analysis for the 5-year anastomotic surgical recurrence rate were evaluated.
Results The two groups showed no statistically significant differences in patient backgrounds. During a median follow-up of
54 months, 28 patients required anastomotic surgical recurrence [4 (3.4%) in the Kono-S group and 24 (24.4%) in the end-to-end
group]. Six leaks (5.1%) were detected in the Kono-S group and 17 leaks (17.3%) in the end-to-end group; all were successfully
treated conservatively. End-to-end anastomosis, leakage, age <45 years, and body mass index of > 18 kg/m? at the first surgery
had a higher risk of anastomotic surgical recurrence. Kono-S anastomosis significantly reduced the risk of anastomotic surgical
recurrence after 1 year (odds ratio, 0.14). Anastomotic leakage influenced anastomotic surgical recurrence within 1 year (odds
ratio, 4.84). The 5-year surgery-free survival rate at the anastomosis site with Kono-S anastomosis (95.0%) was significantly
higher than that with end-to-end anastomosis (81.3%; P < 0.001).

Conclusions Anastomotic leakage after bowel resection in Crohn’s disease patients increased anastomotic surgical recurrence
within 1 year, and Kono-S anastomosis is associated with a low risk of anastomotic surgical recurrence after > 1 year.
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Introduction

Surgical recurrence at the anastomotic site (SRA) after
bowel resection still occurs with considerable frequency
in patients with Crohn’s disease (CD). Despite the ad-
vances in medical therapy, up to 80% of patients with CD
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have a lifetime risk of intestinal resection.'* After resec-
tion, endoscopic recurrence occurs at the anastomosis site
in 80 to 90% of patients within 3 years of surgery, and 30
to 40% of patients require recurrent surgery following pri-
mary bowel resection.” > The terminal ileum and ileocolic
anastomotic site are the most common sites of recurrence.®’
Stapled side-to-side anastomosis with a wide lumen was
expected to reduce the surgical recurrence rate, but com-
parison of this technique with handsewn end-to-end anas-
tomosis (EEA) did not provide consistent results in some
meta-analyses.®’

To prevent SRA, Kono et al.'® created a new anti-
mesenteric functional EEA technique called Kono-S anas-
tomosis (KSA) in 2003. This technique is characterised by
an anti-mesenteric longitudinal enterotomy and supporting
column that maintain the three-dimensional structure. The
endoscopic recurrence rate is reportedly lower with KSA
than with conventional EEA, and two studies showed that
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the 5-year surgical anastomotic recurrence rate was 1.8%
during a median follow-up of 65 months (range, 43—
138 months).'®'" No anastomotic configuration has been
established to reduce SRA in patients with CD. Some re-
ports have described good results of KSA, but their sample
sizes were small and follow-up periods were short.'*!*"14
In our institution, KSA has been performed in patients with
CD since 2009 and appears to have reduced the SRA rate.

In this study, we evaluated the risk factors for SRA as the
primary outcome and the 5-year surgical recurrence-free sur-
vival rate at the anastomosis site and complications according
to anastomotic configurations as the secondary outcomes.

Materials and Methods

In total, 216 patients undergoing bowel resection with anasto-
mosis for CD in Hiroshima University Hospital from January
2006 to July 2016 were retrospectively enrolled. The diagno-
sis of CD was established by clinical symptoms, endoscopic
findings, and pathologic data.

Since 2009, all patients with CD have undergone KSA
for resection of small and large bowel disease.
Conventional EEA with layer-to-layer suturing was per-
formed for all patients before the introduction of KSA as
well as for all patients who did not have a sufficient anas-
tomotic margin for KSA, such as those with CD involving
the upper rectum in the pelvic space. Patients with low
rectal anastomosis below the peritoneum were not includ-
ed. Stapled side-to-side anastomosis was not performed at
our institution. The patients’ medical records were
reviewed to obtain information on demographics and clin-
ical history. The type of CD was classified according to the
affected regions: small bowel type, large bowel type, or
small and large bowel type; these types did not always
correspond to the surgical site. A laparoscopic surgical
technique was applied only for the first surgery and ex-
cluded the penetrating type of CD with abdominal abscess-
es. With respect to preoperative medications, patients tak-
ing anti-tumour necrosis factor alpha (infliximab or
adalimumab) within 12 weeks prior to the operation and
those taking other medications within 3 days before the
operation were included. Anastomotic leakage was defined
as detection of a fluid or air bubble around the anastomosis
site with computed tomography or abdominal ultrasound
and included both symptomatic and asymptomatic cases.
Small bowel obstruction was defined as ileus showing
multiple hydroaeric levels (niveau) on abdominal X-ray
examination within the hospitalisation period for surgery.

The KSA technique has been described in detail in previ-
ous literature.'>'" We slightly modified the original method; a
running 4-0 absorbable suture was placed in a single layer in
the posterior wall, and the anterior wall was sutured in two

layers with a running 4-0 absorbable suture in the inner layer
and interrupted 4-0 absorbable sutures in the outer layer
(Fig. 1). Layer-to-layer EEA was performed using 4-0 absorb-
able sutures, with a running suture in the inner layer and
interrupted sutures in the outer layer.

In this study, we retrospectively analysed the risk factors
for SRA. Surgical recurrence was defined as a stricture or
penetrating lesion requiring surgical repair at the anasto-
motic site as detected by endoscopy, intestinal contrast ex-
amination, and computed tomography and pathological
finding of CD with resected specimens. The study protocol
and informed consent form were consistent with the rec-
ommendations of the Declaration of Helsinki and approved
by the Institutional Review Board of Hiroshima University
(E-556).

Statistical Analysis

The statistical analysis was conducted with SAS Studio
Release 3.6 (SAS Institute Inc., Cary, NC, USA). Normally
distributed continuous variables were analysed using a ¢ test,
and non-normally distributed continuous variables were
analysed by the nonparametric Wilcoxon rank-sum test.
Fisher’s exact test was performed for categorical variables.
Multivariable logistic regression analysis was performed to
detect predictive risk factors for surgical recurrence at the anas-
tomosis site. Surgical recurrence-free survival was analysed by
Kaplan—Meier analysis, and the log-rank test was performed.
Each analysis was performed with the use of a two-sided, 5%
significance level and 95% confidence interval.

Results

In total, 215 patients (158 male) with CD underwent sur-
gical operations for small and large intestinal disease with
a median age at surgery of 37 years (Table 1). KSA was
performed in 117 patients, and EEA was performed in 98
patients. In terms of the surgical indications, 132 (58.0%)
patients had the stricture type of CD and 80 (35.6%) had
the penetration type. A total of 117 (54.0%) patients had
the small bowel type, 11 (5.1%) had the large bowel type,
and 86 (40.0%) had the small and large bowel type. During
the median follow-up of 54 months (interquartile range
(IQR), 29.7-86), 28 patients required reoperation because
of SRA.

Risk Factors for Surgical Recurrence
at the Anastomotic Site

The univariate analysis showed five factors that might affect

the risk of surgical recurrence at the anastomosis site (Table 2):
age (<45 years), body mass index (BMI) (> 18 kg/m?), small
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Fig. 1 Kono-S anastomosis. (a)
The bowel was divided with a a
linear stapler perpendicular to the
mesentery. Each stapled line was
connected and reinforced

(supporting column). (b) Anti-

mesenteric longitudinal incisions

(7 to 8 cm) were performed on

each stump, starting within 0.5 to

1 cm away from staple line. (c)
Anti-mesenteric orifice was /
closed transversely. (d) Single-
layer running suture was used at
posterior wall. (e) Anterior wall
was closed in two layers with
running and interrupted sutures

Mesentery

and large bowel type, anastomosis method, and anastomosis
leakage. Multivariate logistic regression analysis showed that
age, BMI, the anastomotic configuration, and anastomotic
leakage were statistically significant. Patients aged <45 years
and those with a BMI of > 18 kg/m? at the first surgery were
found to have a higher risk of SRA. In patients who underwent
KSA as the anastomotic configuration, the SRA rate was sig-
nificantly lower than that in patients who underwent EEA
(odds ratio (OR), 0.014; 95% confidence interval (CI), 0.04—
0.44; P<0.001). Anastomotic leakage after bowel resection in
patients with CD was associated with an increased rate of SRA
(OR, 4.84;95% CI, 1.09-21.5; P<0.001).

@ Springer
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Short- and Long-term Outcomes According
to Anastomosis Technique

Patient characteristics, preoperative medications, and the rate
of postoperative anti-TNF were similar in the KSA group and
the EEA group (Table 3). Infliximab was administered for 35
patients in KSA, and 27 patients in EEA. Adalimumab was
administered for 23 patients and 17 patients, respectively. Two
patients in EEA was received both biological agents. The KSA
and EEA showed no significant difference in the median op-
erative time, estimated blood loss, or rate of patients requiring
blood transfusions. In terms of postoperative complications,
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Table 1  Patient characteristics, preoperative medications, and
postoperative anti-TNF administration
Age, median (IQR) 37 (30-45)
Sex (male:female) 158:57
BMI (kg/m?) 18.7 (16.9-20.2)
Type (SB:LB:SLB) 117:11:86
Stricture disease:penetration disease:others 132:80:3
Open:laparoscopic 183:32
Anastomosis KSA:EEA 117:98
Transfusion in operation 24 (11.1%)
Preoperative medication

SASA 154 (71.6%)
Azathioprine 33 (15.3%)
Steroid 46 (21.4%)
anti-TNF 49 (22.7%)
Postoperative anti-TNF 100
Anastomosis leakage 23 (10.6%)
Ileus 25 (11.6%)
Superficial incisional SSI 21 (9.7%)
Deep incisional SSI 34 (15.8%)
Organ/space SSI 30 (13.9%)
Second surgery at anastomosis site 28 (13%)

Observation period (month), median (IQR) 54 (29.7-86.3)

IQOR, interquartile range; BMI, body mass index; SB, small bowel type;
LB, large bowel type; SLB, small and large bowel type; KSA, Kono-S
anastomosis; EEA, end-to-end anastomosis; anti-TNF, anti-tumour necro-
sis factor alpha; SS/, surgical site infection

anastomotic leakage occurred in 6 (5.1%) patients in the KSA
group versus 17 (17.3%) in the EEA group (P =0.067), re-
spectively. All patients who had leakage were treated conser-
vatively with or without drainage, but reoperation was not
performed. Other postoperative complications were not sig-
nificantly different between the groups (Table 4).

With respect to long-term outcomes, Kaplan—-Meier
analysis showed a lower probability of a second surgery
at the anastomosis site in KSA than in EEA (Fig. 2). The 5-
year surgery-free survival rate at the anastomosis site with
KSA was 95.0% (95% CI, 0.90-1.00), which was signifi-
cantly higher than that with EEA 81.3% (95% CI, 0.73—
0.89). Four (3.4%) patients in the KSA group underwent a
second surgery at the anastomosis site after a mean of
47.3 months (IQR, 31-66), and 24 (24.4%) patients in
the EEA group underwent such a second surgery after a
mean of 99 months (IQR, 64—115).

Risk Factors for Surgical Recurrence
at the Anastomosis Site Within 1 Year

Seven patients required a second surgery within 1 year, and 5
of those had anastomotic leakage at the first surgery. Logistic

regression analysis showed that anastomotic leakage was a
higher risk factor for SRA within 1 year (OR, 23.6; 95% CI,
3.9-14; P <0.001), but the anastomotic configuration was not
statistically associated (Fig. 3).

More than 1 year after surgery, 21 patients developed sur-
gical recurrence at the anastomosis site. During this period,
use of KSA reduced the risk of SRA (OR, 0.08; 95% CI, 0.02—
0.33; P<0.001), and anastomotic leakage was not a signifi-
cant factor in the multivariate analysis.

Anastomotic leakage could be associated with early surgi-
cal recurrence within 1 year.

Discussion

Many studies have focused on the effect of the anastomotic
configuration on SRA rates. These data have raised concerns
among surgeons regarding what type of anastomosis could
restore intestinal continuity in a more “anatomical” way,
minimising faecal stasis, ileocolonic reflux, ischaemia, and
bacterial overgrowth in the non-terminal ileum.'>'® To date,
none of the anastomotic configurations have been considered
a risk factor for SRA. A recent multi-centre observational
study showed no correlation between the type of anastomotic
configuration and early postoperative endoscopic
recurrence.'” The present study showed that the new anasto-
motic configuration, KSA, reduced the risk of SRA (OR,
0.012) compared with EEA, and the 5-year surgery-free sur-
vival rate at the anastomosis site with KSA was significantly
high at 95% (95% CI, 0.90-1.00). New data are needed, es-
pecially from randomised studies evaluating all types of anas-
tomotic configurations, including KSA.>'*

KSA, which is an anti-mesenteric functional handsewn
EEA technique, was devised by Kono et al.'® to reduce SRA
in patients with CD. The defining characteristic of KSA is the
creation of a widely patent anastomotic hole on the opposite
side of the mesentery and establishment of a supporting col-
umn. To reduce the risk of SRA, both the wide lumen at the
anastomotic site and the supporting column are important to
maintain a three-dimensional structure. The supporting col-
umn prevents distortion and keeps the intestinal tract in the
anastomosis region straight.'” This straight structure also
makes endoscopic examination after surgery easy to perform.
In contrast, the stapled functional EEA structure is hairpin-
like, making endoscopy difficult to observe and balloon dila-
tation difficult to perform.

An additional advantage of KSA is that the lumen of the
mesenteric side does not need to be sutured. The mesenteric-
side intestinal wall suturing is a major factor involved in anas-
tomosis leakage in EEA. Especially in patients with CD, the
thickened fat pad hinders the view required for suturing in this
region. Avoidance of suturing in this area helps to reduce
anastomotic leakage. In this study, the rate of anastomotic
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Table 2 Predictive risk factors for
second surgery at anastomosis
site in patients with Crohn’s
disease

leakage with KSA (5.1%) was significantly lower than that

with EEA.

Multivariate logistic regression analysis showed in this
study that anastomotic leakage is associated with an in-
crease rate of SRA within 1 year. To the best of our

Table 3 Patient characteristics,
preoperative medications, and
postoperative anti-TNF adminis-
tration in the KSA group and the
EEA group

@ Springer

Univariate analysis

Multivariable analysis

OR 95% C1 P value OR CI P value

Age (<45) 11.2 1.49-84.85 0.019* 10.7 1.2-92 0.003*
Sex (male) 1.12 0.45-2.8 0.80
BMI (> 18) 0.30 0.13-0.71 0.006* 0.19 0.07-0.53 0.001*
Type (SLB) 3.08 1.35-7.05 0.008* 1.89 0.72-5.0 0.19
Stricture disease/others 0.87 0.38-1.9 0.74
Laparoscopic <0.01 <0.01->99 0.95
Anastomosis (KSA) 0.11 0.036-0.33 <0.001* 0.14 0.04-0.44 0.001*
Transfusion 1.92 0.66-5.6 0.23
Preoperative medication

SASA 0.68 0.29-1.5 0.36

Azathioprine 091 0.29-2.8 0.87

Steroid 0.99 0.38-2.6 0.99

anti-TNF 0.37 0.08-1.6 0.19
Postoperative anti-TNF 0.98 04123 0.96
Ileus 1.82 0.62-5.3 0.28
Anastomosis leakage 5.85 22-153 <0.001* 4.84 1.09-21.5 0.038*
Superficial incisional SSI 0.68 0.15-3.0 0.62
Deep incisional SSI 1.98 0.77-5.1 0.16
Organ/space SSI 2.38 0.91-6.2 0.07 1.22 0.28-5.29 0.78

SLB, small and large bowel type compared with either small bowel type or large bowel type

knowledge, no other reports have explored anastomotic

leakage as an independent risk factor for SRA. Patients

with postoperative intra-abdominal septic complications,
including anastomotic leakage, had significantly higher
1-, 2-, 5-, and 10-year SRA rates (25%, 29%, 50%, and

Kono-S EEA P value
N=117 N=98
Age (median, IQR) 39 31-47) 34 (28-43) 0.038
Sex (male:female) 84:33 74:24 0.642
BMI (kg/m?) 18.9 (16.9-20.3) 18.6 (17.0-20.3) 0.733
Smoking 7 (6.0%) 4 (4.1%) 0.758
Type (SB:LB:SLB) 69:5:42 48:6:44 0.285
Stricture disease:penetration disease:others 68:48:1 64:32:2 0.403
Preoperative medication
5ASA 87 (74.3%) 67 (68.3%) 0.364
Azathioprine 20 (17.0%) 13 (13.2%) 0.455
Steroid 21 (18.1%) 25 (25.5%) 0.242
anti-TNF 36 (30.2%) 14 (14.3%) 0.009
Postoperative anti-TNF 58 (49.6%) 42 (43.3%) 0410
Observation period (month), median (IQR) 38 (24-56) 89 (58-104) <0.001

1QR, interquartile range; BMI, body mass index; SB, small bowel type; LB, large bowel type; SLB, small and large
bowel type; KSA, Kono-S anastomosis; EEA, end-to-end anastomosis; anti-TNF, anti-tumour necrosis factor

alpha; SSI, surgical site infection
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Table 4 Clinical outcomes of
patients with Crohn’s disease Kono-S EEA P value
according to anastomosis N=117 N=98
methods
Operative outcome
Operative time (min), median (IQR) 215 (180-277) 239 (180-300) 0.585
Estimated blood loss (ml), median (IQR) 239 (105-450) 245 (130-460) 0.537
Blood transfusion 12 (10.2%) 12 (12.2%) 0.669
Postoperative complications
Anastomosis leakage 6 (5.1%) 17 (17.4%) 0.007*
Superficial SSI 15 (12.8%) 6 (6.1%) 0.112
Deep SSI 17 (14.5%) 17 (17.4%) 0.579
Organ space SSI 13 (11.1%) 17 (17.4%) 0.236
Small bowel obstruction 13 (11.1%) 11 (12.2%) 0.833
Surgical recurrence of anastomosis site 4 (3.4%) 24 (24.5%) <0.001*

IOR, interquartile range; SSI, surgical site infection; EEA, end-to-end anastomosis

57%, respectively) than patients without intra-abdominal
septic complications (4%, 7%, 19%, and 38%, respective-
ly; P=0.0003)."® These findings support our data.

Many studies have compared anastomotic configura-
tions in patients with CD. Kono et al.'' reported that the
rate of anastomotic leakage in patients who underwent
KSA was 1.1%. Resegotti et al.'” found that the rate of
anastomotic leakage after stapled side-to-side anastomosis
was significantly lower than that after handsewn EEA
(2.0% vs. 14.1%, respectively). Windmar et al.> reported
that over-sewing the staple line in functional EEA reduced
anastomotic complications, and no leakage occurred
among 120 patients. In contrast, some authors have found
no difference in the anastomosis leakage rate between sta-
pled and sutured methods.?' > McLeod et al.” reported

10

KSA
08 EEA

06
04

02

The rate of second surgery free survival

00

0 25 50 75 100 125 month

Fig. 2 Surgery-free survival at anastomosis site. The Kaplan—-Meyer
survival curve shows the 5-year second surgery-free rate at the
anastomosis site. This rate was 95% in the KSA group and 81%
in the EEA group. KSA, Kono-S anastomosis group; EEA, end-to-
end anastomosis group

that the anastomotic type did not affect recurrence in pa-
tients with CD after ileocolic resection. There are no opti-
mal anastomotic configurations in patients with CD to pre-
vent anastomotic leakage and SRA. KSA is a slightly com-
plicated procedure involving creation of a supporting col-
umn and a long handsewn suturing technique. However, it
does not extend the operation time, and in the present
study, it was associated with low rates of SRA and anasto-
motic leakage. KSA is a feasible technique for CD, but a
follow-up period of > 10 years is essential to validate its
superiority.

Anastomotic leakage was the independent risk factor for
SRA in this study. According to this finding, we speculate
that an additional inflammatory response caused by the
leakage disturbs the mucosal healing and healing process
at the anastomotic site. A previous study showed that a
histopathological inflammatory change proximal to the
anastomosis may be detected within 1 week after surgery.?*
The leakage might promote the inflammation of CD at the
proximal site. The healing process at the anastomotic leak-
age site leads to overgrowth of fibrosis, which may con-
tribute to stricture formation at the anastomotic site and
cause faecal stasis. Faecal stasis was suspected to influence
mucosal healing by modifying the microbial-mucosal
interaction.”> However, we have no data regarding this
issue, and the number of affected patients was small, mak-
ing it difficult to draw conclusions. Further studies are
needed to clarify these results.

Age (<40 years) and BMI (< 18 kg/m?) were the inde-
pendent risk factors for SRA in our multivariate logistic
analysis. A younger age at diagnosis is considered to be a
major factor for a more aggressive and disabling course.*®
However, its effect on SRA is less clear, and data extracted
from the literature do not consistently indicate age as a
predictive factor.”” BMI has not been established as a risk

@ Springer



318

J Gastrointest Surg (2019) 23:312-319

Logistic regression analysis

Odds ratio 95%CI  Pvalue
Re-op==1yr
Anastomosis leakage 236 3.99-139  =0.01 - =
Anastomosis (KSA) 0.68 011-4.20 0.68 —
Re-op> lyr.
; —im—
Anastomosis leakage 128 0.37-4.41 0.69
— .
Anastomosis (KSA) 0.08 0.02-033 =0.01

Fig. 3 Predictive risk factors for second surgery at anastomosis site
within 1 year after first surgery and > 1 year after surgery. The forest
plot shows that anastomosis leakage increased the risk for surgical
recurrence at the anastomosis site within 1 year after surgery. More than

factor. Thus, further data are required to clarify the relation
of BMI to recurrence rates.

Previously reported risk factors for postoperative recur-
rence include smoking, perforating disease, and a history of
intestinal resection.”*2? These risk factors were not detected
in the present study. Recent multi-centre observational studies
failed to recognise smoking as a risk factor for postoperative
recurrence after ileocolic resection,'”*® although smoking is a
well-established modifiable risk factor for the postoperative
course of CD.?” Our results regarding smoking could be ex-
plained by the small number of patients recruited (n=215),
including only 5.1% smokers.

In this study, the rate of infectious complications and anas-
tomosis leakage was higher than that in previous studies. We
cannot explain the reason for these results clearly. The anas-
tomosis leakage 17% in EEA was higher than previous study;
this may be the cause of difference in the accuracy for com-
plication evaluation between facilities, although it is clear that
the leakage of KSA was significantly lower.

This study has several limitations. First, it was a
nonrandomised retrospective study, which limits the availabil-
ity of certain data. Endoscopic recurrence was also not evalu-
ated. Second, potential bias cannot be ruled out; for example,
the follow-up period was shorter in the KSA group than in the
EEA group because of the single-institution nature of the
study. The preoperative status and postoperative medications
were not fully evaluated in both groups, which might have
affected the final outcomes.

Conclusions
In conclusion, anastomotic leakage after bowel resection in
patients with CD is a predictor of early recurrence within

1 year. KSA was associated with a low risk of SRA after >
1 year. KSA was superior with respect to a lower rate of SRA
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1 year later, KSA was associated with a reduced risk. Re-op <= lyr.,
second surgery at anastomosis site within 1 year; Re-op > 1yr., second
surgery > 1 year later

at 5 years using Kaplan—Meyer analysis as well as a lower rate
of anastomotic leakage compared with EEA.
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