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Abstract

Purpose Our animal studies have demonstrated the safety and feasibility of end-to-end intestinal anastomosis using a stent for
laparoscopic colonic surgery. Therefore, we designed a non-inferiority trial to investigate the outcomes of stent anastomosis
(SA) vs. those of conventional hand-sewn anastomosis (CA).

Methods A multicenter randomized controlled trial was conducted between December, 2016 and April, 2018. The primary
outcome was the healing condition of the anastomoses, evaluated by endoscopy 6 months postoperatively. The secondary
outcomes were the anastomotic completion time, anastomotic leak, intestinal obstruction, peritoneal effusion, and bleeding.
Quality of life (QOL) was evaluated by questionnaires.

Results The subjects of this study were 60 patients, randomly divided into a SA group (n=30) and a CA group (n=30). There
were no differences in anastomotic healing conditions (P =1.00). The stent procedure was associated with a significantly
shorter anastomosis time than the hand-sewn anastomosis (13.517 +4.281 vs. 20.333 +2.998 min, respectively; P <0.001).
There were no significant differences in anastomotic leakage, intestinal obstruction, peritoneal effusion, or bleeding between
the groups. Questionnaires revealed almost no discrepancy between baseline QOL scores and those assessed 2, 4, 8, 12, and
24 weeks postoperatively in either group.

Conclusions Intestinal anastomosis with a stent is a non-inferior strategy for laparoscopic colonic surgery, which requires
less time for the anastomosis.
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Introduction

Intestinal anastomosis is a common surgical technique used

to treat several disorders, including bowel tumors, inflamma-
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. . . . . cedure is the original and one of the most accepted methods of
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150 years. Although surgical skills have improved, the method
for hand-sewn anastomosis is non-standardized because of
suture distance, inter-suture distance to the anastomotic edge,
and tension on the anastomosis [2].

Several alternative methods, including compression rings
and buttons, stapling devices, laser tissue welding, and tis-
sue glues, have been developed to simplify constructing the
anastomosis and improve its healing [3-7]. In 1892, the first
compression ring, named the “Murphy button” was invented,;
however, its use was discontinued because of the introduc-
tion of a foreign body and anastomotic necrosis caused by the
mechanical compressive pressure. In 1908, Hiiltl Humer from
Budapest [8] introduced a surgical stapling device, but its use
was limited. Over the past 30 years, the use of stapling devices
has grown with the development of disposable instruments [9].
However, the rate of anastomotic stenosis is much higher with
staples than with the hand-sewn method, despite similar results
of mortality and other adverse complications such as anasto-
motic leak and abscess [10-12]. After the biofragmentable
anastomosis ring (BAR) [13-16] was developed in the 1980s,
the rate of foreign body reaction decreased remarkably, but
the compressive pressure was still high, which limited use of
the improved version. Furthermore, Lim et al. [17] confirmed
the foreign body reaction in stapled anastomosis, which could
slow down the process of healing. Surprisingly, they found
that the foreign materials inducing this reaction were the sta-
pler cartridges. Moreover, tissue glues [18—20] and laser tissue
welding [21, 22] were not utilized clinically due to the weak-
ness of anastomotic adhesive force. None of these procedures
are suitable for end-to-end intestinal anastomosis because of
their respective adverse complications; thus, a novel surgical
procedure that can achieve a relatively perfect goal is needed
urgently.

In our previous studies [23-26], we introduced an intesti-
nal stent which has a high degree of biosecurity. Using this
stent reduced the operative time dramatically and the intestinal
incision healed better than when anastomosis was performed
without the stent in animal experiments. However, whether
the results of this procedure for human colonic operation are
as good as those for the animal experiments remains unclear.

The purpose of this randomized controlled trial (RCT)
based on five hospitals was to investigate the efficacy, feasi-
bility, and safety of this method, which uses a biodegradable
stent for end-to-end intestinal anastomosis, compared with
hand-sewn anastomosis.

Materials and methods
Study design

A prospective, multicenter, randomized, non-inferiority
trial was conducted at the following five hospitals in China
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between December, 2016 and April, 2018: Sir Run Run
Shaw Hospital, Zhejiang Cancer Hospital, Beijing Friend-
ship Hospital, Peking University Third Hospital and Peking
University People’s Hospital. The aim was to compare the
short-term outcomes of stent anastomosis (SA) using a novel
stent vs. conventional anastomosis (CA) for human colonic
operations. This study was officially registered at clinical-
Trails.gov (ID: NCT02752360).

The study was approved by the Ethics Committee of the
above five hospitals (2016-P1-##-006-02). We provided
detailed disclosure of risk to voluntary patients and obtained
written informed consent from all of them. The patients
were assigned randomly, using a computerized module, to
undergo laparoscopic colonic surgery with either SA or CA
in a one-to-one ratio.

Participants

All eligible patients were over 18 years old and scheduled
to undergo a colonic operation with intestinal anastomosis
for malignant or benign lesions located in the ascending,
transverse, or descending colon, as diagnosed by colo-
noscopy and biopsy. Exclusion criteria were as follows:
age > 80 years; surgical emergencies; severe preoperative
comorbidities and inability to undergo surgery; diagnosed
poor nutritional status, diabetes mellitus (DM) or other dis-
eases which delay healing; two or more locations needing
anastomosis; lesions needing ileocolonic anastomosis; com-
bined with complete intestinal obstruction; distant metasta-
sis (M1); history of intestinal surgery; and pregnancy. All
patients underwent a standardized preoperative examination.
Enhanced abdominal CT-scan was performed to evaluate the
size, extramural invasion, and resectability of lesions. All
patients were restricted from drinking alcohol and smoking
for more than 2 weeks before surgery.

The biodegradable stent

The stent utilized in the procedure was produced by the
Institute of Polymer Science of Zhejiang University (Fig. 1).
The biocompatible qualities of the stent were approved
by the State Food and Drug Administration of China (no.
G20090993). The shape of the stent was described in previ-
ous articles [24-26]. It is synthesized from PGA and decom-
poses to carbon dioxide (CO2) and water by 14-21 days after
surgery, which means that it has a high level of biosecurity.
The relationship between the degradation time and molecu-
lar mass in vitro was described in our previous article [25].
Liu et al. [26] concluded that the stent degrades completely
after 15-30 days in the porcine colon. Furthermore, the stent
contains barium sulfate (BaSO,) so that the disintegration
can be tracked under radiography. Abdominal X-ray was
performed weekly after surgery until the stents could not be
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Fig. 1 Shape of the biodegradable stent

seen. The stents had disappeared by 3 weeks postoperatively
in all patents. Figure 2 shows the most typical images in one
patient.

Preoperative preparation and surgical procedures

All patients drank fluids only the day before surgery and
received mechanical bowel preparation (poly-ethylene-
glycol) the night before. They were also given prophylactic
antibiotics (cefuroxime 1.5 g and metronidazole 500 mg) at
the time of induction of anesthesia. To avoid potential bias
caused by the learning curve of the laparoscopic colonic
operation under general anesthesia, participants were oper-
ated on by five expert surgical teams, each consisting of two
surgeons with at least 10 years’ experience of laparoscopic
colectomy and one camera assistant.

Stent anastomosis group

In the stent anastomosis group, laparoscopic colonic surgery
was carried out according to the standardized procedure,

using standard laparoscopic instruments. Multiple small
ports were inserted for intracorporeal colon mobilization,
abdominal exploration, and ligation of the vascular pedicle.
Through a small incision, the section of bowel containing
the lesion was removed and an anastomosis was performed
outside [27]. With its marginal vessels ligated, the rela-
tive bowel segment was resected and end-to-end intestinal
anastomosis was performed with a stent (Fig. 3 and Online
Resource 1).

First, we removed the intestinal contents, cleaned the
lumen, and then disinfected the incisional margins. Second,
we utilized only one absorbable traction suture (VCP311,
Ethicon, Inc.) to approximate the mesenteric borders of the
incisional margins for accurate tissue apposition, after which
two absorbable binding sutures (VCP311, Ethicon, Inc.)
crossed the mesentery and surrounded the intestinal wall,
10 mm from the incisional margins of both sides. Third, both
ends of the biodegradable stent were placed in the relative
intestinal cavities with the anastomosis in the middle, and
binding sutures were tightened, knotted, and fixed. If neces-
sary, another 1-3 sutures were added to approximate both
cut edges more accurately to prevent anastomotic leakage
and intestinal volvulus. Finally, the peritoneum was closed
with continuous sutures and the abdomen was closed with
two layers of interrupted sutures.

Conventional hand-sewn anastomosis group

Laparoscopic colectomy was performed in the CA group
as in the SA group, with hand-sewn end-to-end intestinal
anastomosis done in the same way, excluding the placement
of a stent. However, we inserted 8—12 inverting interrupted
sutures (VCP311, Ethicon, Inc.) for a single-layer intestinal

Fig.2 Radiographic tracking images (arrow) 1 week (a) 2 weeks (b) and 3 weeks (¢) postoperatively

@ Springer



1006

Surgery Today (2019) 49:1003-1012

Fig.3 Operative images of the stent anastomosis. a One end of the
stent was placed in the intestinal. cavity; b a binding suture was tight-
ened, knotted, and fixed; c¢ the intestinal cavity approached; d the

anastomosis. Closure of the abdomen was done as in the
SA group.

Endpoints

The primary endpoint was the healing condition of the anas-
tomotic sites, defined as “good” or “poor”. Colonoscopy
was performed 6 months after surgery to assess the con-
dition of the anastomosis. Good healing was defined by a
single, large, mucosal venous vessel running perpendicular
to and across the anastomotic line, whereas poor healing
was defined by a lack of neovascularity in the anastomo-
sis, reflecting a state of relative ischemia and predisposing
toward stricture formation [28]. The secondary endpoints
were as follows: duration of the anastomosis, defined as the
time from insertion of the first suture at the cut edges to the
last suture at the anastomotic site; anastomotic leak; intes-
tinal obstruction; and postoperative bleeding. According to
the International Study Group of Rectal Cancer in 2010 [29],
we defined anastomotic leak as a defect of the anastomosis
site. In this study, anastomotic leak was diagnosed by symp-
toms and signs of clinical peritonitis, including abdominal
pain, leukocytosis, and fecal discharge through the intra-
abdominal drainage catheter. Abdominopelvic-CT scan was
performed whenever anastomotic leak was suspected [30].
Other operative complications were observed and
recorded, including intraoperative intestinal injury, fat
necrosis, wound infection, deep venous thrombosis (DVT),
respiratory complications, and urinary tract infection. Bowel
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other end of the stent was placed in the intestinal cavity; e another
binding suture was tightened, knotted, and fixed; f the procedure was
completed with the anastomosis in the middle

function recovery, defined by the time to first flatus and first
bowel movement was a meaningful indicator of intestinal
function. We also recorded and compared the in-hospital
mortality of both groups to establish the safety of this
method using a novel stent.

Data collection and follow-up

A standardized data form about preoperative, intraoperative,
and postoperative outcomes was designed and collected by a
single observer in each study center, blind to the randomiza-
tion group. All participants were followed up systematically
in the outpatient department and with questionnaires about
gastrointestinal quality of life index (GIQLI) [31], with
scores in total and for each item completed preoperatively
the evening before the operation and in postoperative weeks
2,4, 8, 12, and 24. The questionnaire included four domains:
symptoms, physical function, emotional function, and social
function with the response to each question scoring from 0
(the worst) to 4 (the best).

Statistical analysis

Quantitative data reported as means + standard deviation
were analyzed with the Student ¢ test or Mann—Whitney
test, depending on data distribution. Qualitative data were
reported as the number of patients (%) and compared with
either the Pearson y? test or the Fisher exact test, depend-
ing on sample size. Quality of life (QOL) questionnaires
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were analyzed using the analysis of covariance (ANCOVA)
method with repeated measures. Significance was defined as
P <0.05 and statistical analyses were performed using the
SPSS 20.0 software program (SPSS Inc., Chicago, IL, USA).

Results
Study population

During the study period, 60 participants were randomized
into the SA group (n=30) and the CA group (n=230). Table 1
summarizes the demographic characteristics and partial clin-
ical data of the two groups. There was no discrepancy in
baseline characteristics (age, sex, BMI, smoking and drink-
ing) or tumor location between the two groups. Although
the operative time was shorter in the SA group than the CA
group, the difference was not significant (176.73 +59.9 vs.
183.21 +53.8 min, respectively; P =0.899), meaning that
SA was non-inferior to CA in relation to the duration of
the procedure. Intraoperative blood loss was minimal and
similar in the SA group and the CA group (67.6 +44.3 vs.
64.6+50.6 ml, respectively; P=0.770). No blood transfu-
sion was needed in either group.

Table 1 Characteristics and clinical data of the patients in the two
groups

Characteristics SA groupn=30 CA groupn=30 P
Age (years) 56.7+11.9 60.6+13.2 0.482
Sex 0.187
Male 20 (33.3%) 15 (50%)
Female 10 (66.7%) 15 (50%)
Smoking 0.310
Yes 17 12
No 13 18
Drinking 0.299
Yes 11 16
No 19 14
BMI 252+2.0 252422 0.282
Location of lesion 0.173
Ascending colon 18 11
Transverse colon 2 2
Descending colon 10 17
Operation time (min)  176.73+59.9 183.21+£53.8 0.899
Blood transfusion 1.00
Yes 0 0
No 30 30
Blood lose (ml) 67.6+44.3 64.6+50.6 0.770

SA stent anastomosis, CA conventional anastomosis, BMI body mass
index

Outcomes

The primary endpoint of the study; namely, healing of the
anastomosis, was good in all the SA group patients and in
all except one of the CA group patients, without a significant
difference between the groups (P =1.00; Table 2; Fig. 4).
Similar findings were obtained when comparing the sec-
ondary outcomes, except for the duration of anastomosis.
To be specific, less time was spent on intestinal anastomo-
sis in the SA group than in the CA group (13.517 +4.281
vs. 20.333 +2.998 min, respectively; P <0.001). None of
the patients in the SA group suffered anastomotic leakage,
intestinal obstruction, or bleeding, although one was found
to have peritoneal effusion because of bowel damage dur-
ing surgery. Notably, one patient from the CA group suf-
fered anastomotic leak, which was a severe complication.
There were other analogical postoperative complications
in both groups (P =1.00) but no differences were found
between the groups in relation to any of these complica-
tions (P=0.671). Thus, the SA group was non-inferior to
the CA group in short-term postoperative complications.
Postoperative recovery outcomes, including the time to first
flatus and first bowel movement did not differ between the
groups (5.800 £2.565 vs. 4.967 +1.973 days, P=0.164;
3.233+£2.095 vs. 3.167+0.791 days, respectively;
P=0.871), although it took longer for patients in the SA
group to pass first flatus and bowel movement. There were
no hospital deaths in either group.

Quality of life assessment

The GIQLI revealed no significant differences in baseline
QOL scores preoperatively between the groups. Moreover,
there were no significant differences between the SA and
CA group in QOL scores 2, 4, 8, 12, and 24 weeks postop-
eratively, although emotional function was slightly higher
in the SA group than in the CA group 2, 4, 8, 24 weeks
postoperatively (14.83 +3.31 vs. 13.87+3.15, P=0.25;
16.00+2.61 vs. 15.73+2.07, P=0.66; 16.63 +1.71 vs.
16.43+1.92, P=0.67;16.70 £ 1.90 vs. 16.00 £ 1.76, respec-
tively; P =0.14). On postoperative week 8, the SA group
patients reported a lower extent of pain as a gastrointestine-
specific item, than the CA group patients (3.87 +0.35 vs.
3.40+0.62, respectively; P=0.001; Table 3).

Discussion

We developed a novel biodegradable intestinal stent to use
in end-to-end intestinal anastomosis for laparoscopic colonic
surgery and conducted this RCT to compare the effective-
ness of SA vs. CA. After the randomization of 60 patients
into two groups of 30, most results showed a high degree
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Table2 Perioperative outcomes Variables SA group n=30 CA group n=30 P
of the two groups
Primary endpoint
Healing of the anastomosis (good/poor) 30/0 29/1 1.00
Secondary endpoints
Time of anastomosis (min) 13.517+4.281 20.333+2.998 <0.001*
Anastomotic leak 0 r 1.00
Intestinal obstruction 0 1 1.00
Peritoneal effusion 1 1 1.00
Bleeding 0 1 1.00
Other complications
Intraoperative intestinal injury 1 0 1.00
Fat necrosis 0 1 1.00
Wound infection 0 1 1.00
Deep venous thrombosis 0 2 0.492
Respiratory complications 1 0 1.00
Urinary tract infection 1 1 1.00
Patients with other complications 2 3 1.00
Patients with any complications 2 4 0.671
Recovery outcomes
Time to first flatus (day) 5.800+2.565 4.967+1.973 0.164
Time to first bowel movement (day) 3.233+2.095 3.167+0.791 0.871
In-hospital mortality 0 0 -

SA stent anastomosis, CA conventional anastomosis
* Means P<0.01

Fig.4 A typical colonoscopy image

of consistency between the groups, which indicated that
performing laparoscopic colonic surgery with stent anas-
tomosis is non-inferior to that with traditional hand-sewn
anastomosis.

Several animal experiments have been designed to assess
laparoscopic colonic surgery using an anastomotic stent,
which is synthesized with other different materials. Kuo
et al. [1] performed end-to-end intestinal anastomosis using
intraluminal agarose stents on New Zealand white rabbits
and concluded that it took less time and the anastomotic
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sites healed better and faster when stents were used than
with the hand-sewn procedure. Likewise, Wang et al. [25]
carried out colonic anastomosis with a degradable stent syn-
thesized with 1,3-propanediol, 1,2-propanediol and sebacic
acid in a porcine model, and proved that the method was
safe and feasible with less operative time and better healing
conditions. Ma et al. [23] performed colonic stent anasto-
mosis successfully by laparoscopy in a porcine model, using
the same stent as that described by Wang et al. [25]. They
concluded that laparoscopic colonic stent anastomosis had
the potential to be a substitute for conventional hand-sewn
anastomosis. However, clinical trials and multicenter RCTs
were needed to compare the outcomes of SA and CA for
laparoscopic colonic surgery.

The present RCT was designed carefully to establish
whether there was non-inferiority in the SA group to avoid
the pitfalls of previously published reports. We evaluated
the efficacy, feasibility, and safety of intestinal anastomosis
utilizing a novel stent. First, as a primary outcome, follow-
up colonoscopy confirmed good healing of the anastomotic
sites in all of the patients in the SA group but poor heal-
ing was seen in one of the CA group patients who suffered
severe anastomotic leakage: one of the most dreaded compli-
cations of intestinal surgery [32]. Consequently, postopera-
tive complications such as intestinal obstruction, peritoneal
effusion, and anastomotic bleeding occurred simultaneously



1009

1003-1012

Surgery Today (2019) 49

10°0>d SUBdN
xapur oJ1] Jo Ajpenb [eunsojuronses (700 ‘SISOWOISLUL [BUOTJUIAUOD V) ‘SISOWOISBUL JU)S VS

uon
- 00+ 00y - 00y 00y - 00y 00y - 00y 007 990 LEOFE6T  SIOFL6T €80 TOOFEYE  190FLOE -onnsqQ
[001s
- 00+ 00y - 00+ 00F 950  8T'0F96E  STOFEEE 1€0  $TOFEEE  LIOFI6E S90STOFE6T  1€0F06C  1€0  $TOFE6E  LI'OF96'E Ul poorg
€0 8T0FLEE 00F 950  8TOFLEE STOFEEE  9F0  I€0F06E 8EOFERE €40  €HOFLLE  SSOFLYE TH0O9TOFO0E  LEOFLOE  0L0 SEOFLYE T€0F06'E  EosneN
uon
00T  STOFEEE STOFEEE TLO  SEOFLYE  8EOFERE 690 I€0F06E +EOFLYE 850  8F0OF08'E  SHOFELE T80 SYOFOL'E  SHOFELE 950  8T0F96€  STOFE6E -ednsuod
- 00y 00% T€0  8I0FL6E 00F ST'0  STOFE6E 00F 00T 8I'0OFLEE SI'OFLEE 690 IE€0F06E  SEOFLYE - 00t 00y  BOYLIEI]
960  SI'0FLEE STOFEEE S90  STOFEEE  0£0F06'€ 00T  LSOFLLE OSOFLLE 00T  8Y0F08T  SP0OF08T 89°0890F€ST  9S0F09T 080  0S0F09EC  600FEoe  ssou[ng
600 8€0FERE  SI'OFLEE ¥I'0  TSOFELE I€0F06C x1000 TYOFOVE SECOFLYE SO +90F00E€  I€0F06C 00T 87°0F08C  I+'0F08T 6,0 SYOFLIE  9P0FOLE ureq
sl ocﬂoommluﬁﬁmouﬁ_obmmo
110 8LOFE69T 8LOFLTLI €10 IL0F089T O080FO0I'LT 850 SHIFEIIL 9CTFEHOl 00T SHIFETHL I9TFETHI 660 0TTFLOET 9I'TFO8CI 080 €0TFLICTI SOTFELTI [e100g
[euon
IO 9L TFO009T O06TFOLOT T80 SSTFLSOT 6STFLYOT  L90 TOETFEFIT TLTFEIOT 990 LOTFELST T19TFO009T STOSTEFLYET TCEFERHT 110 T€TFLLTI LSTFELTI -owryg
6V'0 99 TFLOTC SOTFLEIT 910 80CTFOVIT TETFLYOT  $S0 TOETFLELT SETFEYLI 690 06 TFLIOL TOETFLEOT TH0 ITTFELEl SITFLTEL 920 9P TFLYST TLTFEEOT  [eo1sAud
Swo)
L0 OVEFLEGY SYEFOL69 OO0 TECEFLI'69 E€CEFESRY  L60 SHEFOL69 HOTPFECE9 9€0 +HHTFer99 86 E€FEFSI 1T06TSTFECTY LI'STFEI6S TEO 68FF0I'89 €9PFEC 69 -dwfg
€10 8SHPFLEETT OL'EFEOSTI 970 86'EFE6ETI TOVYFLLTII  6L°0 6€YFEL6IT TIHFE00CT TLO €SSFLSTIT 009FE0TIT 0F'088°9F00COT 9P 9F €S 00T 190 0TSFOL60I ¥8'SFEIOIT  [BIAQ
1019
d 0¢=uvVD  0¢=UVS d 0£=UVD  0E=UVS d 0£=UuVvVD  0¢=UVS d 0¢=UVD  0¢=UVS d 0¢=UVD  0¢=UVS d 0£=UVD  (0£=UVS
SYooMm T Syoam 71 SYoom § SYoMm SYoam 7 uonerado-aig Nugiiy

W) Yord J0J PUE [BI0) UI SAT0IS PUB Xpul 9f1[-Jo-A)1Tenb [eunsajuronses uo axreuuonsanb oy) ur swe)] € jqel

pringer

a's



1010

Surgery Today (2019) 49:1003-1012

in this patient. Surprisingly, in the CA group, although there
was no leak from the anastomotic sites, one patient suffered
peritoneal effusion. Colonoscopy showed reparative change
response to inflammation 1 cm distal from the anastomosis
and this incidental complication in the SA group was attrib-
uted to intraoperative injury rather than to the stent. Despite
the exception, no differences were seen in anastomotic
recovery between the groups. Moreover, because we sutured
much less using the stent, less time was spent on anastomotic
completion than in CA (13.517 +4.281 vs. 20.333 +2.998,
respectively; P <0.001), which meant that there was less
exposure time of the intestinal incision. In other words, the
faster the surgery, the less the damage. Besides, measured
as time to first flatus and bowel movement, postoperative
bowel function recovery showed no discrepancy in either
group. Finally, no patients died during hospitalization in the
SA group, which could be strongly indicative of the safety
of the SA method for colonic surgery.

Laparoscopic colectomy compromised the QOL of
patients in the short term [33]. As there were no significant
differences in the QOL of the two groups before surgery,
we could ensure the highest methodological quality of the
questionnaire. No differences were found in GIQLI between
the groups on postoperative weeks 2, 4, 12, 24. Interestingly,
8 weeks after the operation, the patients in the SA group
reported less pain than those in the CA group. We speculate
that the stent had been expelled by this time and that the
discomfort caused by the stents had disappeared in the SA
group. Because we informed patients of what type of surgery
would be performed, those in the SA group would have pos-
sibly felt more satisfied than those in the CA group.

BAR was introduced by Hardy et al. as a similar valtrac
device [34] Although BAR has been proven to be safe in both
emergency and elective operations [35, 36], it has not gained
widespread popularity [37]. On comparing BAR with our
stent, their shape and composition are similar; however, our
stent requires only one absorbable traction suture (VCP311,
Ethicon, Inc.) to approximate the mesenteric borders of the
incisal margins for accurate tissue apposition, whereas the
BAR requires two scalloped rings of the device to be closed
with a 1.5-2.5-mm gap between them. The different closure
used for our stent helps prevent anastomotic tissue ischemia
to some extent. Most importantly, a meta-analysis by Slesser
et al. [38] showed that the BAR was not superior to the con-
ventional hand-sewn method, but rather, it increased the
risk of bowel obstruction. Conversely, our study showed
that stent anastomosis is non-inferior to hand-sewn anasto-
mosis in complications, including bowel obstruction, and it
requires less time to perform the anastomosis.

A comparison of our stent with the stapled method
also seems to be important. Wood et al. [15] found that
the BAR method required equivalent or less time than the
stapled techniques, and the cost of BAR was equivalent to
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one intestinal stapler. To be specific, the costs for BAR and
the Premium Plus CEEA intestinal stapler were $600 and
$910, respectively [39]. In our study, the anastomosis time
for the SA group was 13.517 +4.281 min, which was simi-
lar to the mean 15.2 min for the BAR method [40]. The
cost of our stent would also be less than BAR; therefore,
compared with stapled anastomosis, our stent anastomosis
method would have more advantages with less anastomosis
time and costs. These conclusions are our speculations
and considering the differences in these methods; namely,
end-to-end anastomosis in the SA group and end-to-side
anastomosis in the stapled method, we doubt that there is
comparability between them.

Our multicenter RCT should help with the introduction
of the sutureless procedure with a tension-free anastomo-
sis for laparoscopic colonic surgery. Most importantly,
it is time-saving for surgeons to perform the procedure
by laparoscopy, and the short-term outcomes are non-
inferior to those of conventional anastomosis. Besides,
the high-biosecurity stent decomposes to CO, and water
in 2-3 weeks without leaving residual stent material or
any foreign body. With BaSO, in the stent, surgeons can
track its position and degradation accurately to enhance
the safety of this novel procedure. This novel stent could
also be suitable for other disorders that require end-to-end
anastomosis after the resection of intestine, such as colo-
rectal lesions, small bowel tumors, inflammation, diver-
ticulosis, and recovery operations after jejunostomy, based
on the efficacy, feasibility, and safety of the procedure with
SA. Thus, it may be generalized to include gastrojejunos-
tomy and cholangioenterostomy.

The major limitation of this RCT is the small sample size,
with complication rates of n=1 or n=2 for most variables,
making accurate statements about the risk of severe compli-
cations, especially anastomotic leak, difficult. Although we
speculated that a relatively normal anatomy with physical
functions and the barrier provided by the stent may benefit
anastomotic recovery, larger studies should be performed to
ascertain if there is a significant difference in the postopera-
tive complication rate and healing conditions of anastomosis
between the groups. Patients with diseases causing delayed
healing and those undergoing emergency procedures should
be included in future RCTs to expand the indications for
stent anastomosis. To further confirm the efficacy of SA for
colonic surgery, long-term comparison results should be
analyzed, especially regarding abdominal adhesion follow-
ing surgery, overall survival, and disease-free survival, as
well as histological examination, which is the gold standard
for evaluating the condition of anastomotic healing.

In conclusion, compared with conventional hand-sewn
anastomosis, laparoscopic intestinal anastomosis with a
novel stent is a non-inferior strategy for colonic surgery,
which requires less time to perform the anastomosis. We
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recommend this technique as a potential alternative that
could become a standard surgical treatment.
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