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Background: Anastomotic leakage is a life-threatening complication. Improvement of
the anastomosis technique is needed, especially in patients with an inflamed
edematous intestine. The aim of our study was to evaluate the safety and efficacy
of an asymmetric figure-of-eight single-layer suture technique for intestinal
anastomosis in pediatric patients.
Methods: A total of 23 patients underwent intestinal anastomosis at the Department
of Pediatric Surgery of Binzhou Medical University Hospital. Demographic
characteristics, laboratory parameters, anastomosis time, duration of nasogastric
tube placement, day of first postoperative bowel movement, complications, and
length of hospital stay were statistically analyzed. The follow-up was conducted for
3–6 months after discharge.
Results: Patients were divided into two groups: the single-layer asymmetric figure-of-
eight suture technique (group 1) and the traditional suture technique (group 2). Body
mass index in group 1 was lower than in group 2 (14.43 ± 3.23 vs. 19.38 ± 6.74; P=
0.036). The mean intestine anastomosis time in group 1 (18.83 ± 0.83 min) was less
than that in group 2 (22.70 ± 4.11 min; P= 0.005). Patients in group 1 had an earlier
first postoperative bowel movement (2.17 ± 0.72 vs. 2.80 ± 0.42; P=0.023). The
duration of nasogastric tube placement in group 1 was shorter than that in group 2
(4.12 ± 1.42 vs. 5.60 ± 1.57; P= 0.043). There was no significant difference in
laboratory variables, complication occurrence, and length of hospital stay between
the two groups.
Conclusion: The asymmetric figure-of-eight single-layer suture technique for
intestinal anastomosis was feasible and effective. More studies are needed to
compare the novel technique with the traditional single-layer suture.
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Introduction

Intestinal anastomosis is a basic technique to restore gut continuity. Several intestinal

anastomosis techniques, including hand-sewn, stapled, laparoscopic, robotic, and sutureless

anastomoses, are used with varied outcomes (1–8). The hand-sewn intestinal anastomosis

technique is divided into single-layer and double-layer suture techniques (9–12). Interrupted

single-layer anastomosis is the gold standard owing to the occurrence of fewer complications

(13). However, the smaller diameter of the intestinal wall in the pediatric population and a

pathological status, including the presence of edema, ischemia, and inflammation, may make
01 frontiersin.org
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implementing the single-layer suture technique difficult. Moreover,

the higher occurrence of postoperative complications may

encourage surgeons to change their strategy to temporary intestinal

stoma and two-stage procedures, among others (12–15). Thus,

some patients may have to face several possible complications

arising from multiple procedures. Herein, we modified an

asymmetric figure-of-eight single-layer suture technique on the

basis of an abdominal wall closure technique described by

Höllwarth (16) and an in vitro porcine experimental finding (17).

The asymmetric figure-of-eight single-layer suture technique has

some advantages; it is easy to perform, is time-saving, and has

better mucosal apposition (17). We piloted the modified suture

technique by performing intestinal anastomoses, especially in the

bowels with a pathological status in pediatric patients. We also

assessed its feasibility and efficacy.
Methods

Data collection

Between January 2020 and October 2022, 23 pediatric patients

underwent intestinal anastomoses at the Department of Pediatric

Surgery, Binzhou Medical University Hospital. The inclusion

criteria were as follows: (1) age <18 years; (2) undergoing emergent

or elective intestine anastomosis; (3) normal renal and liver

function; and (4) no contraindications for intestinal anastomosis,

such as being hemodynamically unstable, having a severe

intraperitoneal abscess, and having severe shock. The exclusion

criteria included the following: (1) patients who underwent

anastomosis in the stomach or distal part of the rectum; and (2)

with any of the above contraindications.

Variables included age, sex, body mass index (BMI), laboratory

data (white blood cell count and hemoglobin, albumin, and C-

reactive protein levels), length of postoperative hospital stay, time

of anastomosis, duration of nasogastric tube placement, time of

first postoperative bowel movement, and postoperative

complications, including anastomotic bleeding, leakage, stricture,

intra-abdominal abscess, pelvic collection, and abdominal

distension. The time taken for the anastomosis (in minutes) was

recorded from the beginning of the first stitch placement to the

end of cutting extra suture material from the last stitch.

An anastomotic leak was defined as follows: (1) body

temperature >38°C, persistent abdominal pain, and tachycardia; (2)

signs of peritonitis or intra-abdominal abscess confirmed by

abdominal ultrasound; (3) non-absorbable material draining from a

wound after oral administration; (4) elevated leucocyte count; and

(5) visible disruption of the suture line during re-exploration (18, 19).
FIGURE 1

A schematic representation of the asymmetric figure-of-eight suture. The
technique has been described in detail previously (17).
Procedures

Patients were divided into two groups: the single-layer

asymmetric figure-of-eight suture technique group (group 1) and

the traditional suture technique, i.e., single-layer interrupted

sutures, group (group 2) (9, 10, 20, 21). The single-layer

asymmetric figure-of-eight suture technique has been described in
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detail by Liu et al. (17). To summarize, an absorbable surgical

suture (4–0 or 5–0 Ethicon) was used for anastomosis. The first

suture and withdrawal were conducted by taking a bite of 2 mm

apart from the cut end and assured to include all layers of the

intestine. The needle was obliquely inserted into the serosa,

muscularis, and submucosa without mucosa to the contralateral

layer. The second suture and withdrawal were obliquely inserted

into the serosa, muscularis, and submucosa without mucosa to the

contralateral submucosa, muscularis, and serosa by taking a bite

1 mm apart from the cut end and forward from the first suture, as

shown in Figure 1. Before tying the knots, each suture should be

tightly approximated to avoid cutting through the fragile bowel

tissues.

All patients were subjected to the same postoperative program,

including antibiotics, administration of fluid, and placement of a

nasogastric tube.

The follow-up was conducted via telephone or outpatient

department interview for 3–6 months.
Ethical approval

All procedures performed in the present study were in

accordance with the ethical standards of the 1964 Helsinki

Declaration. Written informed consent was obtained from the

parents and/or legal guardians of the patients.
Statistical analysis

The differences between the groups were analyzed using the SPSS

Statistics version 26.0 software (IBM Corp., Armonk, NY, USA).

Continuous data were analyzed using the Student’s t-test. Fisher’s

exact test and the Pearson chi-square test were used to analyze

categorical data. A P-value <0.05 was considered statistically

significant.
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Results

A total of 23 pediatric patients who underwent anastomosis were

assessed for eligibility, including 13 (56.52%) who underwent

anastomosis with a single-layer asymmetric figure-of-eight suture

technique (Figure 2) and 10 (43.48%) who underwent anastomosis

with a traditional single-layer interrupted suture technique

(Figure 3). Demographic and clinical characteristics are listed in

Table 1. The male-to-female ratio was 2.29:1. The BMI was
FIGURE 2

A 5-month-old boy with generalized peritonitis and septic shock caused by a
(A) Perforation (small Δ) and necrosis (arrow) at the terminal ileum; (B) comple
suture technique.

FIGURE 3

Comparison of the asymmetric figure-of-eight suture technique and tradition
undergoing Kasai portoenterostomy, completion of end-to-side jejuno-jejun
complicated by strangulated internal hernia undergoing necrotic bowel resectio
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significantly lower in group 1 than in group 2 (14.43 ± 3.23 vs.

19.38 ± 6.74; P = 0.036). The mean intestine anastomosis time in

group 1 (18.83 ± 0.83 min) was significantly lower than in group 2

(22.70 ± 4.11 min; P = 0.005). The patients in group 1 had an

earlier first postoperative bowel movement than those in group 2

(2.17 ± 0.72 vs. 2.80 ± 0.42; P = 0.023). The duration of nasogastric

tube placement in group 1 was significantly shorter than that in

group 2 (4.12 ± 1.42 vs. 5.60 ± 1.57; P = 0.043). No significant

differences were found between the two groups with regard to sex
perforated terminal ileum due to a congenital fibrotic band compression.
tion of primary anastomosis (large Δ) using the asymmetric figure-of-eight

al single-layer suture technique. (A) A 50-day-old boy with biliary atresia
al anastomosis (△); (B) a six-year-old boy with Meckel’s diverticulum
n and end-to-end ileoileal anastomosis (※).
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TABLE 1. Demographic and clinical characteristics.

Group 1
(n = 13)

Group 2
(n = 10)

P-
value

Sex (n) 0.405

Male 8 8

Female 5 2

Median age (IQR) 14 (1.25-
311.25)

400.5 (15.25-
1822.5)

0.065

BMI 14.43 ± 3.23 19.38 ± 6.74 0.036

Laboratory findings

Albumin (g/L) 39.23 ± 3.96 39.49 ± 6.15 0.907

Hemoglobin (g/L) 153.00 ± 47.12 116.30 ± 34.15 0.054

WBC (×109/L) 14.96 ± 6.42 11.91 ± 4.86 0.230

CRP (mg/L) 18.38 ± 52.98 9.81 ± 20.45 0.636

Anastomosis time (min) 18.83 ± 0.83 22.70 ± 4.11 0.005

Duration of nasogastric tube
placement (days)

4.12 ± 1.42 5.60 ± 1.57 0.043

First postoperative bowel
movement (days)

2.17 ± 0.72 2.80 ± 0.42 0.023

Length of hospital stay (days) 13.17 ± 5.35 15.00 ± 7.74 0.520

Values are given as mean ± standard deviation unless otherwise indicated.

IQR, interquartile range; BMI, body mass index; WBC, white blood cells; CRP,

C-reactive protein.
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distribution (P = 0.405), median age (P = 0.065), serum albumin level

(P = 0.084), serum hemoglobin level (P = 0.054), C-reactive protein

(P = 0.636), and white blood cell count (P = 0.230). Demographic

and clinical characteristics are listed in Table 1.

Ileo-ileal, jejuno-jejunal, and portojejunal anastomoses were

performed in groups 1 and 2. Major causes included gut malrotation,

Meckel’s diverticulum, perforation, gut or biliary atresia, duplication,

small bowel obstruction, or neonatal necrotizing enterocolitis.

No major postoperative complications were found in any of the

children.
Discussion

Intestinal anastomosis is an essential surgical technique to restore

intestinal continuity (1). In the pediatric population, the primary

intestinal anastomosis technique is usually chosen according to the

patient’s general status and intestinal condition. The disease

spectrum includes neonatal necrotizing enterocolitis, Meckel’s

diverticulum with complications, intestinal atresia, and strangulated

bowel obstruction. A feasible and easy-to-perform intestinal

anastomotic technique is necessary to reduce major postoperative

complications, especially for those who have severely altered

intestinal morphology. A safe and efficacious bowel anastomosis

includes the following technical aspects: meticulous technique;

gentle tissue handling; accurate mucosa apposition; and avoidance

of tension and ischemia at the anastomotic site (1, 9, 19, 22).

Although the use of the traditional double-layer intestinal

anastomosis or single-layer suture technique for intestinal
Frontiers in Surgery 04
anastomosis is controversial (23), the single-layer extramucosal

suture anastomosis technique is widely accepted by pediatric

surgeons (14). In the present study, we created an easy-to-perform

anastomotic technique with two stitches at different horizontal

levels (17), which might minimize the tension and prevent the

surgeon from cutting through the intestinal wall while tying the

knot, especially in inflamed edematous intestinal walls (17, 24).

Several studies have reported that the early removal of the

nasogastric tube and initiation of oral feeding can promote the

recovery of intestinal function, shorten the length of the hospital stay,

and prevent intestinal obstruction (25–28). In the present study, the

mean duration of nasogastric tube placement was significantly shorter

in group 1 than in group 2. The first day of postoperative bowel

movement in group 1 was significantly shorter than that in group 2,

suggesting a more rapid intestinal function recovery.

Our results showed that themean anastomosis time was significantly

shortened in the asymmetric figure-of-eight single-layer suture technique

group than in the single-layer interrupted sutures group, partly owing to

the requirement of fewer knots (17). Time-saving is also important for

patients who experience severe complications pre- or intraoperatively,

such as intestinal volvulus and shock. Postoperative complications, such

as abscess or anastomotic leakage, were absent even in patients with

high-risk primary anastomosis, such as necrotizing enterocolitis, and

generalized peritonitis.
Limitations

This was a retrospective study. The sample size was relatively

small, and the study was prone to the incomplete collection of

individual data. Owing to the absence of a guideline to adhere to,

the availability of intestinal anastomosis options may have been

affected by the training or previous experience of pediatric

surgeons. Furthermore, all patients were treated in a single medical

center, and the results are not representative of other medical

centers. Therefore, a multi-institutional trial with a large sample

size determined using power analysis is required in the future.
Conclusion

The asymmetric figure-of-eight single-layer suture technique was

feasible and efficacious. It was superior to the traditional single-layer

technique for intestinal anastomosis. Further studies are needed to

confirm the preliminary findings.
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