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Background: Laparoscopic colectomy is widely practiced for colon cancer, but
many variations exist for anastomosis after laparoscopic colon cancer radical
resection.

Method: We retrospectively analyzed 226 patients who underwent
laparoscopic-assisted radical resection for left colon cancer with knotless
hand-sewn end-to-end anastomosis (KHEA) technique with barbed V-loc™
suture material and compared perioperative outcomes, safety, and efficacy
to those undergoing stapled anastomosis from 2010 to 2021.

Results: After the 1:2 propensity score matching, 123 participants with similar
preoperative characteristics (age, body mass index, TNM stage, and tumor
location) were enrolled in the study: 41 in the KHEA and 82 in the stapler
group. Statistically significant differences were found in time to accomplish
the anastomosis (mean 7.9 vs. 11.9 min, p <0.001) and hospital costs (mean
46,569.71 vs. 50,915.35 CNY, p<0.05) that differed between the KHEA and
stapler group, respectively. No statistically significant difference was found in
the mean delay to bowel function recovery (2.6 vs. 2.7 days, p =0.466),
duration of hospital stay (8.6 vs. 7.9 days, p = 0.407), or rate of postoperative
complications (14.6% vs. 11.0%, p = 0.563). Anastomotic leakage occurred in
11 patients: 5 (12.2%) vs. 6 (7.3%) (p>0.05) in the KHEA and stapler group,
respectively.

Conclusion: KHEA is feasible and safe for anastomosis after laparoscopic left
hemicolectomy. The KHEA technique could reduce operation time and
hospital costs with complication rates comparable to stapling.

KEYWORDS

barbed suture, laparoscopic surgery, left hemicolectomy, colon cancer, left colon
anastomosis, extracorporeal anastomosis, intracorporeal anastomosis
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Introduction

Laparoscopic colectomy is widely performed for colon
cancer (1), but many variations exist for the method of
anastomosis after laparoscopic radical resection for cancer
(2-4). Left hemicolectomy may sometimes be a complex
procedure [mobilization of the splenic flexure, unexpected
adhesions or tumor invasion, intraoperative vascular problems
(5, 6).
intracorporeal reconstruction technique requires advanced

Complete laparoscopic  colectomy with an
surgical skills and may increase operation time, hospitalization
costs, and/or the risk of abdominal contamination (7-9).

The recent advent of barbed sutures has made manual
suturing more convenient and quicker because of good tissue
adhesion and eliminated need for knot tying. At present, the
barbed suture is mainly used for gastrointestinal anastomoses
(10, 11) and urinary tract surgery (12), but there are very few
reports on left colonic anastomosis.

In this study, we describe the details of a novel
extracorporeal anastomosis (ECA) with barbed thread—a
(KHEA)

technique—with a video and compare the perioperative

knotless hand-sewn end-to-end anastomosis

outcomes of KHEA to those of stapled anastomosis.

Material and methods
Patients selection and data

This was an Institutional Review Board approved study. We

retrospectively analyzed 226 patients who underwent
laparoscopic-assisted left hemicolectomy (resection of the last
third of the transverse colon, descending and upper sigmoid
colon) from 2010 to 2021 at the General Surgery Department
of Ruijin Hospital, Shanghai, China. The clinical data were
recorded prospectively in the database of Ruijin Hospital, and
the results were evaluated retrospectively. Patients were
divided into two groups: KHEA and stapled anastomosis.

The inclusion criteria for this study included (1) age

2)

adenocarcinoma by colonoscopy, computed tomography (CT),

between 18 and 85 years; diagnosis of colonic
and pathological examination; (3) clinical T stage I to IVa
without distant metastases; and (4) laparoscopic-assisted left
hemicolectomy. Exclusion criteria were (1) multiple primary
tumors; (2) other previous or concurrent major abdominal
surgery; (3) metastases found during surgery; (4) associated
enterostomy; and (5) unavailable or incomplete clinical data.
A total of 211 patients were included in the study: 49
underwent the KHEA technique and 162 underwent stapled
anastomosis. A 1:2 propensity score matching (PSM) was

performed (Figure 1). All surgeries were performed by
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physicians who had crossed the learning curve of laparoscopic
radical colectomy.

Preoperative ~ demographic ~ and  clinicopathologic
characteristics included age, gender, body mass index (BMI),
TNM stage based on the AJCC Staging Manual 8th edition,
and tumor location. Operative data included anastomosis
complications, anastomotic time, days to bowel function
recovery, postoperative hospital stay, and hospital costs. The
postoperative complications were classified according to the
Clavien-Dindo grading (13). The anastomosis leak was graded
by the modified International Study Group of Rectal Cancer

(ISREC) classification (14, 15).

Surgical technique

The patient was placed in the supine split-leg position.
Under general anesthesia, pneumoperitoneum was established
and maintained at 15 mmHg, and five trocar ports were
placed (Figure 2). Exploration of the abdominal cavity
identified any peritoneal, liver, or other distant metastasis.
Surgery was performed according to the complete mesocolic
excision principle, with proximal and distal margins of at least
5cm. For tumors located at the sigmoid-descending colon
junction, mobilization of the splenic flexure depends on the
tension of the colon.

KHEA procedure

The technique consists of two steps: (1) left lower
longitudinal incision and (2) continuous double-layer hand-
sewing with knotless barbed suture (Supplementary Video).

(1) Abdominal incision: A longitudinal incision was made at
the left lower quadrant of the abdomen (approximately
5cm). The tumor-bearing colon segment was extracted,
and the tumor completely resected. The upper and lower
resection margins were both over 5 cm.

Colon suspension: The mesenteric border and the opposite
mesangial border of the two colon ends were identified and
the two extremities were suspended with one single-strand
suture each. These two threads were used to maintain
tension and lift the bowel (Figure 3A).

(3) Inner layer suture: Barbed suture was then used to perform
a continuous full-thickness suture from the mesangial to the
mesenteric border. Suture bites were placed 3-5 mm apart
and 2-3 mm from the cut edge of the tissue (Figure 3B).
Outer layer suture: The serosa was sutured from the
opposite mesangial to the mesenteric border in a
continuous fashion. Suture bites were placed 5 mm apart
and 5 mm from the line of anastomosis. The outer layer
completely buried the inner suture line (Figure 3C).
Finally, the barbed suture ends were cut as short as possible.
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Patients underwent laparoscopic-
assisted radical resection of left
colﬁr: gggcer Exclusion (n=15):
patients with multiply primairy tumor (n=1)
patients previously or concurrently underwent other major abdominal surgery (n=3)
patients with metastases found during surgery (n=1)
patients underwent enterostomy (n=6)
patients without detailed clinical and detailed data (n=4)
Included in the research
n=211
KHEA Stapler
n=49 n=162
propensity score matching
(1:2)
T Matching variables:
| Gender,Age,BMI,cT,cN,cM,cTNM, Tumor location
KHEA Stapler
n=41 n=82
FIGURE 1
Flow chart.
Procedure of stapled anastomosis
A longitudinal incision was made at the mid or left lower
abdomen (approximately 5cm). The tumor-bearing colonic
segment was extracted and resected with its mesentery. The
proximal and distal resection margins were both at least 5 cm.
Both side-to-side linear stapler and end-to-side circular stapler
anastomoses were included in this study. Duration of
anastomosis was measured from resection of tumor until
) (5mml completion of the anastomosis.
© ke g Linear stapler anastomosis procedure: A linear stapler is
x . . . .
a inserted into both proximal and distal stump and the
;5 common opening is closed with a second linear stapler to
1 complete the anastomosis.
>l§ Circular stapler anastomosis procedure: The anvil of a
(12mm) (5r§m) circular stapler is inserted into the distal stump and the
purse-string was secured. The circular stapler is inserted into
r Y the proximal stump, and the common opening is closed with
a linear stapler to complete the anastomosis.
FIGURE 2
Trocar placement. (A) Camera port for laparoscope. (B) Manipulation
port. (C—E) Assistant ports. (F) Abdominal incision extended for
specimen resection and extraction (approximately 5 cm). .
Postoperatlve management

The opposite hemi-circumference of anastomosis is sutured
following the same procedures outlined in (2)-(4). Duration of
anastomosis was measured from resection of the tumor until
completion of the anastomosis.
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Early mobilization was encouraged. Patients were allowed
fluid intake after bowel function recovery, and a liquid diet was
started the next day. All patients had an abdominal drain, which
was removed when the volume of drainage was less than 20 ml.
Patients with a normal postoperative course were discharged on
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FIGURE 3

Intraoperative photograph and schematic illustration of KHEA. (A,D) Colon suspension: identification of the mesenteric and the mesangial borders of
the two colonic extremities, suspended with single-strand sutures. These two threads are used to maintain tension and lift the bowel. (B,E) Inner layer
suture: We use barbed suture to perform continuous full-thickness suture from the opposite mesangial to the mesenteric border. Suture bites are
placed 3—-5 mm apart and 2-3 mm from the cut edge of the tissue. (C,F) Outer layer reinforcement: We continuously suture the serosa from the
mesangial to the mesangial border. Suture bites are placed 5mm apart and 5mm from the line of anastomosis. The outer layer suture
completely buries the inner suture. KHEA, knotless hand-sewn end-to-end anastomosis.

postoperative day (POD) 8. Verbal and written instructions
specifying warning signs were given to all patients. All patients
were followed up by clinic visits or phone calls every 3 months
for the first year after surgery. When complications were
suspected, endoscopy or CT scan was performed.

Statistical analysis

Statistical analysis was performed using SPSS version 16.0
(IBM Corporation, Chicago, IL, United States). Continuous
variables were expressed as mean *standard deviation.
Student’s t-test was used for independent samples comparison,
the chi-square test and Fisher's exact test was used to
compare definite variables. A p value <0.05 was considered
statistically significant. Schematic diagrams of the surgery were
drawn using Sketchbook (IpadOS, Autodesk, United States).

Results

Demographic and clinicopathologic
characteristics

After the 1:2 PSM, 123 participants with similar
preoperative characteristics (age, BMI, TNM stage, and tumor

Frontiers in Surgery

location) were enrolled in the study: 41 in the KHEA and 82
in the stapler group (Table 1).

Short-term outcomes and costs

Table 2 shows the comparison of short-term outcomes and
costs. There was no statistically significant difference in the
mean bowel function recovering day (2.61 vs. 2.71, p = 0.466),
duration of hospital stay (8.61 vs. 7.91, p=0.407), or rate of
postoperative complications (14.6% vs. 11.0%, p =0.563). The
occurrence of anastomotic leak, graded by the modified
classification of International Study Group of Rectal Cancer
(ISREC), was observed in 11 patients: 6 in the stapler group
(7.3%) and 5 in the KHEA group (12.2%) (p>0.05).
Anastomotic bleeding at the colonic anastomotic site was
observed in one patient in the stapler group on POD 2. This
complication was treated with local adrenaline injection and
endoscopic monopolar electrocautery. No anastomotic stenosis
or bowel obstruction was observed in either group. One
patient in the stapler group had a wound disruption while
another patient in the KHEA group had a surgical site
infection: all patients were discharged after local treatment.
One patient in the stapler group developed a chyle fistula
after operation but was discharged from the hospital after
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TABLE 1 Demographic and clinicopathologic characteristics.

10.3389/fsurg.2022.963597

Characteristic Before matching After matching
KHEA Stapler P KHEA Stapler P
N=49 N=162 N=41 N=82
Gender (%) Male 33 (67.3) 111 (68.5) 0.877° 29 (70.7) 53 (64.6) 0.320°
Female 16 (32.7) 51 (31.5) 12 (29.3) 29 (35.4)
Age, years [mean (SD)] 59.1 (12.613) 63.6 (12.290) 0.026" 61.7 (10.900) 61.0 (12.172) 0.742°
BMI, kg/m? [mean (SD)] 23.4 (2.929) 23.4 (3.146) 0.949° 235 (2.768) 23.3 (2.914) 0.700°
T (%) cT1 13 (26.5) 31 (19.1) 0.463° 12 (29.3) 16 (19.5) 0.437°
T2 5 (10.2) 13 (8.0) 5(12.2) 6 (7.3)
T3 17 (34.7) 76 (46.9) 15 (36.6) 36 (43.9)
T4 14 (28.6) 42 (25.9) 9 (22.0) 24 (29.3)
N (%) cNO 30 (61.2) 102 (63.0) 0.892° 29 (70.7) 47 (57.3) 0.383°
N1 10 (20.4) 35 (21.6) 7 (17.1) 19 (23.2)
N2 9 (18.4) 25 (15.4) 5 (12.2) 16 (19.5)
M (%) cMo 46 (93.9) 154 (95.1) 0.491° 40 (97.6) 75 (91.5) 0.186
cM1 3(6.1) 8 (4.9) 1(2.4) 7 (8.5)
CTNM (%) I 17 (34.7) 38 (23.5) 0.303° 16 (39.0) 19 (23.2) 0.231°
11 13 (26.5) 63 (38.9) 13 (31.7) 27 (32.9)
11 16 (32.7) 53 (32.7) 11 (26.8) 29 (35.4)
v 3 (6.5) 8 (4.9) 1(24) 7 (8.5)
Tumor location SDJ 24 (49.0) 48 (29.6) 0.004* 19 (46.3) 35 (42.7) 0.487*
DC 22 (44.9) 75 (46.3) 20 (48.8) 37 (45.1)
TC 3(6.1) 39 (24.1) 2 (4.9) 10 (12.2)

KHEA, knotless hand-sewn end-to-end anastomosis; SD, standard deviation; BMI, body mass index; SDJ, sigmoid-descending colon junction; DC, descending colon;

TC, transverse colon.
2Chi-square test.
bStudent's t-test.

being placed on a fat-free diet and clear drainage fluid was
noted. Completion of the anastomosis required a shorter time
in the KHEA group (mean 7.8 vs. 11.9, p<0.001) than in the
stapler group. The surgery cost was also significantly
decreased in the KHEA group (mean 46,569.71 vs.
50,915.35 CNY, p<0.05) for V-Loc vs. stapled anastomosis,
respectively.

Discussion

In this study, the mean duration for completion of
anastomosis and operation costs were statistically significantly
decreased in the KHEA group, while no statistically significant
difference was found in the rate of postoperative
complications, delay to bowel function recovery, or duration
of hospital stay.

The minimally invasive approach for colectomy can be
performed via either a “minimally invasive assisted” technique
with ECA or a “total minimally invasive” technique with
anastomosis (ICA), i.e,

intracorporeal performing the
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anastomosis in the abdominal cavity under the direct view of
a laparoscope. In recent years, ICA has received increasing
focus, but its superiority over extracorporeal anastomosis is
still inconclusive (16). Several studies have shown that that
ICA has advantages over ECA such as shorter length of
incision, less estimated blood loss, and shorter time to bowel
function recovery (2, 17, 18). However, two recent high-
quality randomized controlled trials (8, 19) and one study on
robotic left colectomy (20) failed to show that outcomes after
ICA were better than after ECA. The advantages of the KHEA
technique could be a further argument in favor of the ICA
technique.

For left hemicolectomy, anastomosis can be performed
either manually or with staplers. As reported, no statistically
significant superiority has been found between these two
methods with respect to safety or anastomotic leakage (4, 21).
Based
anastomosis could save approximately 3-5cm of colon

on our experience, an end-to-end hand-sewn

segment compared with stapled anastomosis, enabling
surgeons to avoid unnecessary mobilization of the colon and

the longitude tension of anastomosis. However, the traditional
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TABLE 2 Comparison of short-term outcomes and costs.

KHEA Stapler p
N=41 N=82
Anastomotic complications (%)
Leakage 5(12.2) 6 (7.3) 0.439°*
Grade A 3(7.3) 2 (2.4)
Grade B 2 (4.8) 4 (4.8)
Grade C 0 0
Hemorrhage 0 1(1.2)
Stenosis 0 0
Other complications (%)
Bowel obstruction 0 0
Wound-healing 1(24) 1(2.4)
complications
Chyle leakage 0 1(24)
Time to complete anastomosis, 7.85 (1.22) 11.92 (1.28) 0.005"
min [mean (SD)]
Bowel function recovery days, 2.61 (0.74) 2.71 (0.68) 0.466°
days (SD)
Postoperative hospital days, days 8.61 (6.05) 7.91 (3.22) 0.407°
(SD)
Hospitalization cost® (SD) 46,569.71 50,915.38 0.008"
(10,415.15) (7,248.56)

KHEA, knotless hand-sewn end-to-end anastomosis; SD, standard deviation.
Fisher's exact test.

PStudent's t-test.

“Chinese Yuan.

hand-sewing anastomosis technique requires higher technical
skills from surgeons and takes a longer operation time than
the
technique using the new KHEA technique facilitates an easy

stapled anastomosis. In our experience, hand-sewn
anastomosis with comparable outcomes.

We extract the bowel specimen from a left lower quadrant
incision, approximately 5cm long. Compared with the
midline incision, the left lower incision allows for extraction
of the colon segment with less tension, thus avoiding
unnecessary bowel dissection and incision extension and may
cause less pain for patients. Also, a midline incision could
lead to higher morbidity and, particularly, incisional hernia as
reported in a systemic review (22).

In recent years, the use of barbed suture has proven to be
safe and efficient in urinary tract surgery (23), gynecological
11).
Although multifilament absorbable suture was generally used

surgery (24), and gastrointestinal anastomosis (10,

for gastrointestinal anastomosis, since the application of
barbed sutures, more and more surgeons prefer the knotless
of the difficulty,
especially in total minimally invasive operations. Applying

technique because lower operational
barbed suture in anastomosis can reduce the number of knots
and results in less operation time.

In our series, the postoperative complications were

comparable between KHEA and stapled anastomosis. As
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tension on the anastomosis and poor vascularization of the
proximal colon limb are among the risk factors for
anastomotic leakage (25), we believe that the KHEA technique
might decrease the leakage rate. We found that less
mobilization of the bowel is required for the KHEA
technique, which might potentially reduce the risk of
marginal vascular injury such as injury to Riolan’s arch.
Moreover, manual suturing may potentially reduce the
incidence of anastomotic bleeding (26) because of a better
view of the bowel mucosa.

Based on our experience, special attention should be paid to
the cut end of the barbed suture material. We recommend
cutting the end flush against the intestinal wall to prevent
adherence to surrounding tissues, which are a potential source
of intestinal obstruction.

We recognize certain limitations in our study. First, this
was not a randomized controlled study. We performed
propensity score matching to minimize the effects of
potential biases due to preoperative patient characteristics.
Second, all the health economics calculations were based on
the Chinese medical system and might vary in different
countries with different insurance policies. Third, we did
the
postoperative complications such as incisional hernias were

not  evaluate long-term  outcomes.  Late-onset

not evaluated.

Conclusion

The KHEA technique is a safe, economical, convenient, and
feasible method left
hemicolectomy. This technique could substantially reduce

anastomosis for  laparoscopic
hospitalization cost and operational time with comparable
complication rates. It may also have more potential benefits
because of the less range of bowel dissection and shorter

abdomen incision.
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