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Abstract

The Kono-S anastomosis was introduced in 2011 as an alternative anastomosis in Crohn’s disease (CD) surgery. Since
then, prevailing evidence of the favorable results of the Kono-S anastomosis has been published from around the world. We
conducted this study to analyze the effectiveness of the Kono-S anastomosis, by searching Medline, Embase, CNKI, and
google scholar. Binominal data were analyzed after Freeman—Tukey double-arcsine transformation. Comparative data were
analyzed using the Mantel-Haenszel model for dichotomous outcomes and the mean difference for continuous outcomes. We
identified 676 patients who underwent surgery with a Kono-S anastomosis. Surgical recurrence was pooled at an average of
0% (CI: 0.00-0.01) and a reduced mean Rutgeerts score of 1.375 (CI: 0.727-2.023) after Kono-S anastomosis. Endoscopic
recurrence after sensitivity analysis was 5% (CI: 0.00-0.15). Complications were rare, with a 3% incidence of ileus (CI:
0.01-0.05), a 4% incidence of small bowel obstruction (CI: 0.01-0.10), a 1% incidence of an anastomotic leak incidence
(CI: 0.00-0.03), and a 10% incidence of postoperative infection (CI: 0.03-0.20). Evidence from this meta-analysis favors the
Kono-S anastomosis for CD patients, especially for ileocolic anastomosis. Thus, clinicians should consider the applicability
of Kono-S anastomosis in respective institutions.
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Introduction immunotherapy for CD, the percentage of CD patients who

require surgery remains high, at 74-80% [1, 2]. Although

Crohn’s disease (CD) is characterized by transmural inflam-
mation of the bowel and can result in strictures, fistulas,
and abscess [1]. Despite remarkable improvements in
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recent biologic therapies have reduced the rates of surgery
in the short term, they are still unable to effectively reduce
the eventual need for surgery [2, 3].

In the 1990s, postoperative surgical and endoscopic
recurrence at 12 months was as high as 90% [4, 5]. While the
rate of surgery has decreased, surgical anastomoses remain
one of the mainstream treatments of CD. Current methods of
reducing recurrence rates include postoperative prophylaxis
with biologics, novel surgical techniques, or reducing patient
exposure to risk factors [6]. In particular, the type of anas-
tomosis has been a subject of debate, with the more popu-
lar conventional methods of anastomosis being handsewn
end-to-end anastomosis (HEEA) or stapled side-to-side
anastomosis (SSSA). The stapled side-to-side anastomosis
technique is thought to be superior in terms of postsurgical
recurrence [6]; however, many of these CD patients eventu-
ally need reoperation to address disease recurrence in these
anastomotic sites [1].
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With the aim of reducing anastomotic recurrences,
Kono developed a new antimesenteric functional end-to-
end handsewn anastomosis: the “Kono-S anastomosis”
[1]. This procedure involves transecting the bowel with
a linear cutter and suturing both stumps together to cre-
ate a supporting column, followed by a functional end-
to-end handsewn anastomosis [1]. Preliminary studies
comparing the Kono-S anastomosis with other surgical
techniques (HEEA or SSSA) have shown promise, with
the Kono-S method proving successful in reducing the
endoscopic recurrence score (mean Rutgeerts score 2.6
vs 3.4; P=0.008) and surgical recurrence rates (0% vs
15%; P <0.0013) of CD patients [1]. Hence, we conducted
a meta-analysis to assess the clinical outcomes of Kono-S
surgery and evaluate its overall efficacy and safety.

Methods

The PRISMA guidelines were used in the synthesis of the
review [7]. A search strategy was conducted on May 12,
2020, using Medline, Embase, CNKI, and clinicaltrials.
gov, to identify articles relating to Kono-S anastomosis
in CD surgery. Additional searches were carried out via
Google Scholar by sieving through articles for citations of
Kono et al. [1]. All citations were managed by EndNote
X9. The sieving of articles was undertaken based on a
pre-specified inclusion criterion. Both comparative and
non-comparative studies were included in the analysis.
Finalized included articles were systematically extracted
with a structured proforma including information about
population demographics (age, gender, previous bowel
surgery, perioperative medications, postoperative medi-
cations, smokers), clinical outcomes (endoscopic, surgical,
and clinical recurrence), and complications arising from
Kono-S anastomoses. Endoscopic recurrence was defined
by the Rutgeerts endoscopic score. When the mean and
standard deviation were unavailable, existing formulas
were used in the conversion [8].

Single-arm meta-analysis was conducted for binominal
and continuous data. A meta-analysis of binominal data
was done after a Freeman—Tukey double-arcsine transfor-
mation, and effect size was pooled with random effects by
DerSimonian and Laird [9]. A meta-analysis of comparisons
was done with the Mantel-Haenszel model for dichotomous
outcomes and the mean difference (MD) for continuous out-
comes [10]. When possible, meta-regression was used to
explore the heterogenicity and relationship of covariates
with the outcomes. A random-effects meta-regression with
residual maximum likelihood and the Knapp and Hartung
variance estimator was used for the analysis [11, 12]. All
analyses were conducted in STATA 16.1 and RevMan 5.3.
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Results

Our search strategy identified 223 articles, from among
which 15 underwent full text analysis. Articles were
excluded if they were a duplicated study, review, commen-
tary, or were unspecific towards Kono-S anastomosis. Nine
articles were included in the final review, with the remain-
der being general HEEA articles. Three of these articles
originated from Japan [1, 13, 14], two from Italy [15, 16],
two from the USA [17, 18], one from Germany [19], and
one was a multicenter study in Japan and the USA [20].
A total of 676 patients underwent Kono-S surgery for CD
largely originating from the ileocolic region. The mean
age of the patients ranged from 33.5 to 39 years old across
the included studies. The majority (n=_8) of studies were
observational in nature (retrospective and prospective
cohorts), and there was one randomized controlled trial
[15]. Figure 1 shows a flowchart of the systematic review.
Table 1 summarizes the included articles on Kono-S anas-
tomosis, and Supplementary Table 1 summarizes those on
conventional anastomosis.

Clinical Outcomes

The rates of surgical recurrence, endoscopic recurrence,
mean Rutgeerts score, and 5 year surgery-free recurrence
were the main outcomes in the meta-analysis. Of the 607
Kono-S patients, 531 were evaluated for surgical recur-
rence, which was reported with a pooled average incidence
of 0% (6/531, CI: 0.00-0.01, Fig. 2). The mean follow-
up duration ranged from 12.75 months to 77.75 months.
Meta-regression analysis found no significant differ-
ence in follow-up durations (f=0.0002, SE=0.0002,
p=0.375). The 5 year surgery-free recurrence rate was
reported as 97% (253/261, CI: 0.95-1.00). The cumula-
tive incidence of endoscopic recurrence was 15% (63/168,
CI: 0.00-0.47). The mean follow-up duration ranged from
6.4 months to 18 months. When sensitivity analysis was
performed to exclude the first attempt by Kono et al., the
cumulative incidence of endoscopic recurrence was sig-
nificantly reduced to 5% (14/109, CI: 0.00-0.15). Severe
endoscopic recurrence (Rutgeerts score > 3) was reported
with a 6% incidence (7/73, CI: 0.01-0.14). Clinical recur-
rence (Crohn’s disease activity index (CDAI) > 200) was
reported only by Luglio et al. at 12 and 24 months, where
Kono-S anastomosis was superior to stapled ileocolic side-
to-side anastomosis (8% vs 18%, P=0.2 and 11.1% vs
30.2%, P=0.04).

The pooled mean Rutgeerts score was 1.153 (n=437,
CI: 0.553-1.754) with a mean follow-up duration rang-
ing from 6.4 months to 60 months. However, this score
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Fig.1 PRISMA flowchart of
included studies
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was affected by follow-up duration in the meta-regression
analysis (=0.035, SE=0.006 p=0.024), with a longer
follow-up time being associated with a significant increase
in the mean Rutgeerts score. When the mean Rutgeerts
score was regressed with the proportion of ileocolic
anastomosis, it was significant (f=— 4.095, SE=1.359
p=0.030). Thus, the reduction in the Rutgeerts score was
more pronounced in studies with a higher proportion of
ileocolic anastomosis.

When Kono-S anastomosis was compared with conven-
tional anastomoses, the Kono-S anastomosis resulted in
a significant decrease in the odds of surgical recurrence
(n=436, OR: 0.10, CI: 0.04-0.26, p <0.00001, Fig. 3).
The 5 year surgery-free recurrence was also significantly
higher than that of the controls (n=357, OR: 8.62, CI:
0.97 to 76.36, p=0.050), but endoscopic recurrence was
not significantly different between the Kono-S and conven-
tional anastomoses (OR: 0.46 CI: 0.06-3.45, p =0.450).
The mean difference in the Rutgeerts score was signifi-
cantly reduced after Kono-S vs conventional anastomosis
(n=221, MD: — 0.90 CI: — 1.48 to — 0.32, p=0.002).

A 4
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(n=152)
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(n=167)

A 4

A 4

Full-text articles assessed
for eligibility
(n=15)

Full-text articles excluded
(n=6)
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(meta-analysis)
(n=9)

Surgical Outcomes

The average length of hospital stay was 7—15 days. The
duration of surgery was pooled at 179.085 min (n =236,
CI: 122.619 min-235.552 min), and the duration of sur-
gery was not significantly different from that of surgery
with conventional anastomosis (n =379, MD: — 1.09 min,
CI: — 18.16mins to 15.98mins, p=0.900). Blood loss was
reported in two papers (median =239, IQR: 105-450 and
mean = 153, range 5-1,100), and the pooled incidence of
blood transfusion was 11% (16/147 CI: 0.06-0.16) [13, 14].
In the report by Luglio et al., the average time to flatus or
stool was 3+ 1 day.

Complications

In general, complications were rare in Kono-S surgery. No
mortality resulting from surgery was reported in any of the
included articles. The pooled incidence of ileus was 3%
(10/319, CI: 0.01-0.05), and small bowel obstruction was
reported as 4% (18/334, CI: 0.01-0.10). The cumulative
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anastomotic leak incidence was 1% (11/525, CI: 0.00-0.03;
g-'io Fig. 4), and the incidence of anastomotic bleeding was 1%
é:% (1/105, CI: 0.00-0.04). There was an increased incidence
528 of other postoperative complications such as superficial
% § £y | \ and deep organ infections (51/436, 10% CI: 0.03-0.20 and
. o o 21/370, 5% CI: 0.02-0.09 respectively). When Kono-S was
é 5« o2 _ ; v compared with conventional methods, there was no signifi-
% g 2 g é i = % ":‘g g cant difference in the occurrence of ileus and anastomotic
7 TEExgE cEyl bleeding (n=221, OR: 1.13, CI: 0.16-8.16, p=0.120 and
e g 9 g % é% e 5:’: n=221, OR: 0.44, CI: 0.06-3.38, p=0.43 respectively).
£ = = = There was also a lower incidence of anastomotic leak in
the Kono-S patients than in the controls (n =436, OR: 0.24,
2z CI: 0.10-0.61, p=0.003). Infection rates were compara-
g % ble between the Kono-S patients and the controls, without
£ -;ﬁ Qﬁ a significant difference (n=436, OR: 1.13, CI: 0.66—1.94,
SEE p=0.667). Kono-S anastomosis resulted in fewer anasto-
motic fistulae than side-to-side anastomosis (0% vs 2.3%).
2 g
2.8
8=
&EE Discussion
.
E £ This meta-analysis summarizes the evidence from studies
2 § on the Kono-S anastomosis in CD surgery. Pooled evidence
g g across the studies shows the promise of reduced surgical and
= endoscopic recurrence. In the era of ever-advancing biolog-
2 ics, the utility of surgery is being questioned in the treatment
28 of CD. However, historical estimates suggest that up to 70%
§ ‘% | & of patients will undergo surgery, which will remain a main-
=583 stream option despite the advances in biologic treatment [21,
o) " 22]. A recent randomized controlled trial comparing the use
< “ ' = of biologics vs early surgery for ileocolic CD showed better
3 < quality of life (QOL) measures and cost-effectiveness with
"q'; é |- < % surgery [23]. Some observational studies also found that
R 8 5 patients had a rate of surgery of 7-24.9%, despite being on
3 § é biologics [24]. Moreover, the cost of biological therapy can
s 3 % be prohibitive in the potential applicability of biologics use
g ° S 2 [15, 25]. Thus, surgery remains one of the most affordable
A ¥ 9 § % and effective treatments of CD.
o N 2 é Traditional HEEA or SSSA is the conventional anastomo-
E 2 % 8 %’ % sis used in CD surgery. While SSSA is superior to HEEA
5 3 2 3 a g in terms of short-term postoperative complications, both
°§ g % % g S techniques have similar long-term CD recurrence [25]. In
& A A A~ o B 2011, Kono et al. proposed a novel method of end-to-end
B g 5 S anastomosis with less surgical recurrence than conventional
% b g § :» anastomotic techniques [1]. The defining feature of Kono
o CEE o 3 3 et al.’s surgery is the creation of a supporting column, sited
=) g g g g 8 é posteriorly on the mesenteric border, which is proposed by
Flie oo o z S Kono to be the most common site of recurrence. This poste-
g s c:v: g é rior column prevents the distortion and subsequent stenosis
: . B S % é § of the anastomosis (Fig. 5). It is also thought that the anas-
K £ 3 g gi E‘ bl tomosis allows for better healing with the preservation of
e | 2 £ 3 <2 innervations and blood supply. The last benefit of Kono-S
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Fig.2 Meta-analysis of surgical recurrence rate
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Test for overall effect: Z = 4.65 (P < 0.00001)

Favours Kono-S Favours Control

Fig.3 Comparison between Kono-S anastomosis and conventional anastomosis for surgical recurrence

anastomosis is that the isoperistaltic orientation allows for
postoperative endoscopy.

Kono-S anastomosis has been adopted by countries
beyond Japan, including Italy, the USA, and Germany, with
an additional ongoing trial to evaluate its clinical appli-
cability (NCT03256240). Clearly, the reproducibility of
Kono-S anastomosis has been demonstrated, with further
evidence substantiating its use from the SUPREMe-CD trial
[15]. When incidence was pooled from Kono-S only, surgi-
cal recurrence across 531 patients was 0% (CI: 0.00-0.01).
However, surgical recurrence was defined clearly by only
three articles as reoperation at the anastomotic site [1, 13,
20] and by Luglio et al. as re-operation in the presence of
symptoms [15], with the remainder of the articles not hav-
ing a clear definition. While the reported rates are low, this
lack of clarity can potentially confound the results. The
incidence of endoscopic recurrence was 15% (63/168, CI:

@ Springer

0.00-0.47), which dropped to 5% (14/109, CI: 0.00-0.15)
with the exclusion of the Kono-S original study [1]. This first
Kono-S study observed a higher rate of endoscopic recur-
rence (12 months, 49/59; 83%) than other studies (2-25%),
possibly because the procedure was in its infancy and there
was an associated learning curve. Thus, a more conservative
estimate of endoscopic recurrence with Kono-S anastomosis
is 5% (14/109, CI: 0.00-0.15). When comparing endoscopic
recurrence between Kono-S and conventional anastomosis,
significance was not achieved, probably because of the
increased rates from the original Kono et al. study [1]. The
maturation of further studies is required to investigate if the
Kono-S anastomosis achieves superior rates of endoscopic
recurrence.

In this review, 21-100% of patients underwent endo-
scopic examination. The pooled mean Rutgeerts score was
also noted to be low at 1.153 (n=437, CI: 0.553-1.754),
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Fig.4 Meta-analysis of anastomotic leak

Supporting column

Fig.5 a Formation of the supporting column and b Side to side anastomosis

but was marginally affected by the follow-up duration in
regression analysis (f=0.035, SE=0.006 p=0.024). In
our meta-regression, studies with an increased proportion
of ileocolic anastomosis had a strong association with a
lower Rutgeerts score on follow-up (f=—4.095, SE=1.359
p=0.030). Since 55% of cases of CD affect the ileocolic
region, it is the most common location for resections [26],

and this finding supports the use of Kono-S anastomosis,
especially for ileocolic anastomoses. We have a hypothesis
for this difference. Beyond the supporting column, Kono-S
anastomosis is also an isoperistaltic anastomosis, which is
configured to be larger than the conventional HEEA. The
loss of the ileocecal valve potentially results in changes
to ileal gut flora from cecal-ileal reflux [27, 28]. Kono-S
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anastomosis might bring about the “best of both worlds” of
conventional anastomoses, resulting in less anastomotic dis-
ruption and fewer flora changes. As we know, the profound
impact of gut flora on the prognosis and management of CD
is evolving rapidly with changes in biodiversity affecting
relapse and the isoperistaltic nature, along with the support-
ing column in Kono-S, which might diminish the effect of
flora change [29, 30]. Future prospective studies are needed
to validate the impact and mechanism of different anastomo-
ses on CD recurrence.

In our meta-analysis, Kono-S anastomosis resulted in a
significantly lower odds (n =436, OR: 0.10, CI:0.04-0.26,
p <0.001) of surgical recurrence and a lower Rutgeerts
score than conventional anastomosis (MD: — 0.90 CI:
— 1.48 to — 0.32, p=0.002). The cumulative 5 year sur-
gical free recurrence rate was reported at 98% (322/330,
CI: 0.95-1.00), with 8.62 times (n =357, CI: 0.97-76.36,
p=0.050) increased odds of surgical-free recurrence vs
conventional anastomosis. Comparatively, evidence from
a randomized controlled trial between HEEA and SSSA
shows 5 year reoperation rates of 25% and 8%, respectively
[31]. While still a relatively new procedure, evidence of the
advantages of the Kono-S procedure is seen in the reduced
surgical reoperation rate at 5 years. Complications rates were
also relatively low after Kono-S anastomosis, at an estimated
4% (18/334, CI: 0.01-0.10) for small bowel obstruction, 3%
(CI: 0.01-0.05) for ileus, 1% (CI: 0.00-0.03) for anasto-
motic leak, and 1% (1/105, CI: 0.00-0.04) for anastomotic
bleeding. Infections were the most common complication,
reported in only 8% (53/505, CI: 0.03-0.17) of patients.
Compared with conventional anastomoses, most complica-
tions were not significant, aside from the decreased odds
of anastomotic leak with Kono-S (=436, OR: 0.24, CI:
0.10-0.61, p=0.003).

The influence of postoperative medical prophylaxis on the
recurrence of CD must be taken into consideration. In our
review, 28—-63% of patients were on postoperative biologics.
It is also unclear from the studies which criteria were used to
decide if patients needed postoperative medical prophylaxis,
the surveillance protocol, and the threshold for step-up to
biologics. The rate of surgery in patients using biologics is
estimated to be around 9.2—-17.2% at 24 months; thus, more
studies are required to evaluate the influence of biologics on
recurrence after Kono-S anastomosis [24, 32-34]. Biolog-
ics can be limited in their application, primarily due to cost
constraints and an estimated one-third of patients failing to
respond [35]. A Kono et al. subgroup analysis of infliximab
use found that surgical recurrence was unaffected by the
use of biologics. Although this observation is yet to be rep-
licated in other studies, preliminary evidence suggests that
Kono-S anastomosis is potentially useful for patients who
are unsuitable for biologic therapy, either because of cost
constraints or failure of therapy. Beyond surgical recurrence,

@ Springer

biologics are still required for the prevention of clinical and
endoscopic recurrence [34].

Conclusion

The Kono-S anastomosis in CD appears to have low compli-
cation and recurrence rates, mainly for ileocolic anastomo-
sis. Since its introduction, the Kono-S anastomosis has been
used in countries around the world, with evidence of repro-
ducibility. However, more studies are needed to investigate
the mechanism and clinical impact of Kono-S anastomosis
on CD recurrence.
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