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Abstract

Purpose Pediatric laparoscopic herniorrhaphy has rare
complications, but recurrence might occur. The purpose of
this manuscript is to evaluate the efficacy of linear suture
technique of laparoscopic pediatric herniorrhaphy in
reducing recurrences.

Methods Laparoscopic surgery was performed on 2223
pediatric patients (under 10 years old) from September
2012 to December 2014 in Damsoyu Hospital, Seoul,
Republic of Korea. The causes of recurrence were inves-
tigated case by case. The patients were categorized into
two groups according to the suture method used in closing
the hernia orifice: Group 1 (purse-string suture, 1009
patients) and Group 2 (linear suture, 1214 patients).
Results There were 1413 (63.6%) male and 810 (36.4%)
female patients. Mean age was 30.5 = 29.2 months. A
significantly higher proportion of male patients, contralat-
eral patent processus vaginalis, and less proportion of
recurrence were observed in Group 2. There were ten cases
of recurrence in Group 1 because the internal ring suture
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could not endure the tension. One recurrence occurred in
Group 2. The suture technique and age were found to be a
significant risk factor for recurrence. Linear suture tech-
nique had a lower recurrence rate (odds ratio = 0.07, with
95% confidence interval 0.01-0.53, and p = 0.004).
Conclusions Purse-string suture technique causes signifi-
cantly higher occurrence of hernia recurrences than linear
suture technique. Linear suture technique can reduce
recurrence by increasing the endurance to tension around
the internal ring by distributing pressure to a wider area
along the linear suture line. Linear suture technique can
effectively reduce recurrence in pediatric inguinal
herniorrhaphy.

Keywords Inguinal hernia - Pediatric hernia -
Laparoscopic herniorrhaphy - Recurrence

Introduction

Inguinal hernia is the most common disease for children
who require surgical correction. High ligation of the
internal ring has been performed effectively for over
100 years by open method for pediatric inguinal hernia
(open herniorrhaphy, OH). Recently, laparoscopic surgery
has been expanded to the area of pediatric surgery [1]. In
both OH and LH, high ligation is used to close the internal
ring. Many centers have reported better surgical outcomes
of laparoscopic inguinal herniorrhaphy (LH) than those of
OH [2, 3]. Although pediatric herniorrhaphy has rare
complications, recurrence might occur. The advantages of
LH in comparison to OH include the prevention of meta-
chronous contralateral inguinal hernia (MCIH) and mini-
mal scar formation [4].
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There have been various surgical techniques to perform
herniorrhaphy in LH [5-10]. The aim of this study is to
assess the differences in recurrence rates between the
purse-string suture (PSS) and intracorporeal linear suture
(ILS) in laparoscopic pediatric inguinal herniorrhaphy and
to determine which offers more effective and safer results.
Specifically, we present a new technique for hernia repair
and compare it with a prior technique of laparoscopic
hernia repair for recurrence. The recurrence rate has been
reported as 0.8-3.8% in OH [4]. Despite the advantages of
LH, other studies have reported that the recurrence of
hernia after LH still exists at about 0-5% [11-13]. We
focus on the clinical characteristics of recurrence after
herniorrhaphy and analyze the risk factors for recurrence.
Eventually, we report the proper surgical technique that
can effectively reduce recurrence in  pediatric
herniorrhaphy.

Materials and methods

From September 2012 to December 2014, 2223 pediatric
inguinal hernia patients underwent laparoscopic hernior-
rhaphy in Damsoyu Hospital, Seoul, Republic of Korea.
From September 2012 to December 2013, 1009 children
underwent LH with the PSS (Group 1). From January 2014
to December 2014, 1214 children underwent LH with the
ILS (Group 2). All operations were performed by a highly
experienced surgeon (Lee SR, over 1000 laparoscopic
operations per year) with 10 years of experience. Patient
characteristics, operative findings and outcomes were
archived from medical records retrospectively. The fol-
lowing patient data were collected: age, sex, symptoms,
location of hernia, bilaterality, types of the herniated organ,
operative methods, and operation time. The clinical char-
acteristics and the recurrence of the LH in the PSS group
(Group 1) were compared with the LH with the ILS group
(Group 2). Patients who required high ligation of con-
tralateral patent processus vaginalis (cPPV) were excluded
from the “bilaterality” of hernia, and only symptomatic
patients under 10 years old were included in the “bilater-
ality” of hernia. Therefore, 1009 patients (958 patients with
unilateral hernia, and 51 patients with bilateral hernia) with
1060 surgical procedures were included in Group 1. 1214
patients (1153 patients with unilateral hernia, and 61
patients with bilateral hernia) with 1275 surgical procedures
were included in Group 2. For the cases that developed
recurrence, the cause of recurrence was also investigated.

Surgical procedure

The procedures were performed under general anesthesia
in the supine position. For the laparoscopic system, a

@ Springer

2.9 mm camera and 2.7 mm instruments were used. A
transumbilical 3 mm incision (by No. 15 scalpel) was used
for creation of the pneumoperitoneum via a 3 mm trocar.
CO, pneumoperitoneum was maintained at 4-8 mmHg.
Two other 2.7 mm instruments were inserted through
separate stab incisions in the lateral abdomen without tro-
cars (Fig. 1).

The suture needle was inserted directly through the
lower abdominal area. The internal ring was closed using
suture with a non-absorbable multifilament (3.0-4.0 silk).
In the PSS group, purse-string suture was placed in the
peritoneum at the level of the internal inguinal ring by
carefully lifting the peritoneum using an atraumatic 3 mm
grasper to prevent injury to the vas deferens and testicular
vessels. The knot was tied intracorporeally. On the other
hand, the focus of this study is the new high ligation suture
method, which we call the “linear suture technique”,
because of the linear suture line. We describe the steps in
the linear suture technique as follows (Fig. 2). For males,
we start suturing by tying around the vas deferens and the
cord vessels. We continue to suture to the upper boundary
of the internal ring parallel to the inferior epigastric vessel,
and continuously without any intermediate tying. Then, we
change the direction and suture continuously in the oppo-
site direction until we come back down and tie at the initial
knot. For females, initially we tie including the round
ligament, and the rest of the suturing both ways is done
continuously in the same manner as in males. The knot is
tied intracorporeally. The post-suture appearance of the
PSS in LH was very similar to that of OH, while the ILS in
LH was different from PSS (Fig. 3). After the high ligation,
the contralateral processus vaginalis was examined for
patency, and if it were open we performed suture at the
same time.

The dermal bond was used to cover the scar, and
therefore no dressing was required after discharge. Food
intake was resumed 1 h after the operation, and patients
were discharged on the same day.

Telephone follow-ups were performed to check post-
operative status such as pain, wound state, possible
symptoms of recurrence and complications on day 2, day 7,
3 months afterward and the subsequent year(s). For the
cases that developed recurrence, the risk factors for
recurrence were carefully investigated.

Statistical methods

All statistical analyses were performed using the SPSS
software, version 23.0 for Windows (SPSS Inc; Chicago,
Illinois, USA). Continuous variables were presented by
mean and standard deviation (SD). Categorical variables
were presented by frequency and percentage. The Shapiro—
Wilk’s test was used to test for the normality of the
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Fig. 1 Surgical procedure. a After making a transumbilical incision,
pneumoperitoneum via a 3 mm trocar was created. Two other 2.7 mm
instruments were inserted without trocar to perform high ligation of

the hernia sac. b Immediately after surgery, a dermal bond was used
for covering

Fig. 2 Suture procedure of the high ligation of the internal ring.
a Purse-string suture. b Linear suture in a male patient. Initially, we
tied around the vas deferens and cord vessels. We sutured the upper
boundary of the internal ring parallel to the inferior epigastric vessel
continuously, and then sutured continuously in the opposite direction

continuous variables. Because not all continuous variables
were normally distributed, our choice of statistical test of
continuous variables was the Mann—Whitney U test. For
categorical variables, the Fisher’s exact test or Xz test was

until we came back down and tied at the initial knot. ¢ Linear suture
in a female patient. Initially, we tied including the round ligament and
the rest of the suture and both ways were done continuously in the
same way as in males

used. The odds ratios were calculated using the logistic
regression. A p value threshold of 0.05 was chosen; any
univariate p value below or equal to 0.05 was considered
statistically significant.
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Fig. 3 Comparison of post-suture appearances. a Linear suture in LH. b Purse-string suture in LH. ¢ High ligation in OH

Results

Clinical characteristics of the patients
and comparison between the PSS (Group 1) and ILS
(Group 2)

A total of 2223 children with inguinal hernia were operated
laparoscopically. The clinical characteristics of these
patients are shown in Table 1. There were 1413 (63.6%)
male and 810 (36.4%) female patients. The mean age was
30.5 £ 29.2 months. Bilateral symptomatic inguinal her-
nia excluding cPPV was found in 112 patients (5.0%), and
cPPV was observed in 1406 patients (63.2%). Postopera-
tive complication occurred in six patients consistent with a
rate of 0.3% as follows: wound hematoma (n = 3), wound
seroma (n = 2) and wound infection (n = 1) There was no
conversion to open surgery.

Table 1 Demographic distributions of all patients

Mean SD Min Max
Age (month) 30.5 29.2 0.5 120
F/U period (month) 26.2 7.74 13 40
Sex Male 1413 (63.6%)

Female 810 (36.4%)
Symptom Right 1161 (52.2%)
Left 950 (42.7%)
Bilateral 112 (5.0%)
cPPV Yes 1406 (63.2%)
No 817 (36.8%)
Organs Bowel 1018 (45.8%)
Omentum 981 (44.1%)
Ovary 224 (10.1%)
Complications Hematoma 3 (0.13%)
Seroma 2 (0.09%)
Wound infection 1 (0.04%)

Total 2223 (100%)

F/U follow-up, cPPV contralateral patent processus vaginalis, SD
standard deviation
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Table 2 shows the clinical differences between Group 1
and Group 2. The number of infants under the age of 1 year
was 431 (40.7%) in Group 1 and 509 (39.9%) in Group 2;
the proportion of infants was statistically similar in the two
groups. Patients over the age of 1 year comprised the
majority, at about 60%, for both groups (29.0 &+ 28.8 vs
31.2 + 29.5 months, p = 0.735). There were 633 males
(60%) and 427 females (40%) in Group 1, and 842 males
(66%) and 433 females (34%) in Group 2 (p = 0.002). In
Group 1, 51 (5%) patients had bilateral symptoms, 564
(53.2%) had right hernia and 496 (46.8%) had left hernia.
In Group 2, 61 (5%) patients had bilateral symptom, 709
(55.6%) had right hernia and 566 (44.4%) had left hernia.
The proportions of the bilateral, right, and left hernias did
not show significant differences between the two groups.
The proportion of the patients who had cPPV was statis-
tically different between the two groups: 57.0% in Group 1
vs. 63.5% in Group 2.

The herniated organs were bowel, omentum, and ovary,
and the proportions did not show significant differences
between the two groups (p = 0.140). The herniation of the
bowel and omentum represented similar proportions
around 45%, while the herniation of the ovary accounted
for only about 10%, understandably since only female
patients are subject to ovary hernia.

The mean operation time was significantly reduced and
more consistent in Group 2 (16.1 & 5.3 vs 12.6 &+ 3.7 min,
p < 0.001). Recurrence occurred more frequently in Group
1 (n =10) than Group 2 (n=1) (p = 0.004). MCIH
developed in three patients of Group 1.

Recurrence after LH: comparison between PSS
(Group 1) and ILS (Group 2)

The clinical characteristics of patients who had recurrence
are shown in Table 3. In Group 1, 10 (8 males and 2
females) of 1060 cases had recurrences (0.94%). The mean
recurrence time interval from the date of operation to
recurrence was 9.1 + 4.8 (4-19) months. Most recurrences
occurred within 12 months after surgery, although two
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Table 2 Comparison of clinical factors between the purse-string suture group (Group 1) and linear suture group (Group 2)
Group 1 (PSS) (n = 1060, 1009 patients) Group 2(ILS) (n = 1275, 1214 patients) p value*
Age (month)* 29.0 £ 28.8 (0.8-120) 31.2 &+ 29.5 (0.5-118)
<12 431 (40.7%) 509 (39.9%) 0.735
>12 629 (59.3%) 766 (60.1%)
Sex 0.002
Male 633 (59.7%) 842 (66.0%)
Female 427 (40.3%) 433 (34.0%)
Symptom 0.260
Right 564 (53.2%) 709 (55.6%)
Left 496 (46.8%) 566 (44.4%)
cPPV 0.002
Yes 604 (57.0%) 809 (63.5%)
No 456 (43.0%) 466 (36.5%)
Organ 0.140
Bowel 497 (46.9%) 570 (44.7%)
Omentum 442 (41.7%) 580 (45.5%)
Ovary 121 (11.4%) 125 (9.8%)
Incarceration 114 (10.8%) 113 (8.9%) 0.141
Operation time (min)® 16.1 &+ 5.31 (5-30) 12.6 & 3.66 (5-55) <0.001
Recurrence 10 (0.94%) 1 (0.08%) 0.004
MCIH 3 (0.3%) 0 (0.0%) 0.093
F/U period (month)® 38.2 + 3.83 (31-46) 23.1 £ 3.53 (19-31) <0.001

cPPYV contralateral patent processus vaginalis, MCIH metachronous contralateral inguinal hernia, F/U follow-up

* Most of the p values represent comparisons of categorical variables, which were tested using the y* test

* Continuous variables were tested using the Mann—Whitney U test

recurrences occurred at 15 and 19 months, respectively. In
Group 2, recurrence occurred in 1 male patient out of 1275
cases (0.08%), and the time interval from the date of
operation to recurrence for this patient was 8 months.

The cause of recurrence was investigated carefully for
each patient, and in all cases it was due to the tension on
the suture line (Fig. 4). In Group 2, one male patient had a
recurrence due to the same cause.

Logistic regression test indicated that sex, bilaterality,
type of organ, and incarceration were not associated with
recurrence. On the other hand, the suture technique and age
were found to be a significant risk factor for recurrence.
The adjusted odds ratio of linear suture for recurrence was
calculated to be 0.07 (p = 0.004). The adjusted odds ratio
of infants older than 1 year was 0.20 (p = 0.034)
(Table 4).

Discussion

In pediatric herniorrhaphy, high ligation is used for closing
the internal ring in open as well as in laparoscopic surgery.
The benefit of LH over OH is still controversial, and
Alzahem has claimed that he was not able to identify any

clear benefit of LH over OH apart from reduction in MCIH
development and shorter operative time for bilateral cases
[16]. However, the advantages of laparoscopic inguinal
herniorrhaphy such as superior cosmetic appearance, low
MCIH rate, low injury of vas deferens and cord vessels,
and decreased operation time have been reported by many
authors [14, 15]. Lee and Liang reported a low recurrence
of 0.88% after performing micro-laparoscopic high ligation
in 450 patients [15]. Marte et al. also found that the incision
of the peritoneum lateral to the internal inguinal ring along
with a W-shaped suture, compared to the W-shaped suture
alone, is safe and effective in preventing hernia recurrence
[17].

While recurrences still occur in OH and LH [18, 19], LH
has a low recurrence rate and a low MCIH rate compared to
OH [20, 21].This is because the presence of a hernia sac
can be monitored thoroughly via the laparoscopic camera.
The suture methods of laparoscopic high ligation are
intracorporeal suture and percutaneous needle-assisted
repair [22, 23].

Various causes of recurrence have been reported; sur-
geon’s experience, patient’s sex and age, and loosening of
the knot are all factors that affect the recurrence rate
[23-25]. In our study, under 1 year of age was a significant
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Table 3 The clinical characteristics of patients with recurrence

Purse-string suture Linear suture

(n = 10) n=1
Age (month)*—first op.

Mean £+ SD 19.8 + 36.8 79.0
<12 8 0
>12 2 1

Sex

Male 8

Female 2 0
Recurrence period (month)?*

Mean + SD 9.10 + 4.82 (4-19) 8.00
<12 8 1
>12 2 0

Organ

Bowel 6 0

Omentum 2 1

Ovary 2 0

Incarceration 2 0
Symptom

Right 4 0

Left 4 1

Bilateral 2 0

cPPV 6 0

SD standard deviaion, cPPV contralateral patent processus vaginalis

* Most of the p values represent comparisons of categorical variables,
which were tested using fisher’s exact test

* Continuous variables were tested using the Mann—Whitney U test

risk factor for recurrence. Similarly, Treef et al. found that
younger children up to the age of 2 years had the highest
risk of recurrence [18]. The reason for this may be given as
follows. Children under 12 months showed high stretchi-
ness around the internal ring. Purse-string suture restricts
the area and, as a result, the tension leads to occasional
recurrences. On the other hand, children over 12 months
have less flexibility in tissue, and the internal ring is
sutured including the transversalis fascia sling medially
and the transversalis fascia laterally. Hence, the tissues can
hold up much better and the recurrence rate appears to be
no different depending on the suture method. In the current
study, bowel was the most common organ to be herniated
in male infants less than 1-year-old and ovary was the most
common organ in female infants less than 1-year-old. Eight
of ten patients with recurrence in group 1 had herniated
bowels or ovaries. Internal ring stretchiness was seen in
recurrence cases and more commonly in patients with
prolonged symptoms. Stretchiness seems to be closely
related with the long interval between the operation and
disease manifestation, and the type of herniated organs.
Therefore, high stretchiness in young infants might be the
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potential reason for the prolonged symptoms resulting in
recurrences in infants.

There was a statistically significant difference in gender
proportions between Group 1 and Group 2. Male patients
tend to have recurrence more frequently than female
patients in Group 1 (8 out of 10 patients), although it was
not statistically significant in the logistic regression test.
However, the more the patients enrolled, the less is the
discrepancy of gender distributions expected, generally.
However, because this study was conducted based on a
retrospective design and enrolled all of the patients who
visited one clinic. Gender discrepancy between the two
periods could not be explained clearly, and this limitation
is inevitable in the retrospective design.

The proportion of cPPV was significantly higher in
Group 2. After having the first three MCIH cases in Group
1, to prevent MCIH, a more strict definition of cPPV was
applied. At first, if an open tunnel was clearly detected after
checking the peritoneal veil covering the internal ring,
cPPV was diagnosed and ligated. However, in Group 2, a
modified and broadened definition of cPPV was applied
including both open tunnels and concave shapes, suggest-
ing the possibility of cPPV. This modified definition seems
to be the possible explanation for increased cPPV and
decreased MCIH rate in Group 2 compared to Group 1.

In the current study, the suture method was a significant
risk factor to affect recurrence. Although many factors can
cause recurrence, we hypothesized that one of the causes of
recurrence was the tension of the internal ring. In the
operative field, the appearances of open herniorrhaphy and
laparoscopic herniorrhaphy with PSS are similar as shown
in Fig. 3. Based on the appearances, we hypothesized that
recurrence was due to the increased tension on the suture
line. To disperse the tension, we came up with ILS. The
PSS has a point suture tie that receives and concentrates all
the pressure, while the linear suture has a long line of
suture area. The pressure is distributed along the suture
line.

The mean operation time was approximately
16.1 & 5.3 min in Group 1 and 12.6 £ 3.7 min in Group
2. This reduction in the operation time of 3 min on average
was significant (p < 0.001), and the standard deviation in
the operation length was also lower for Group 2, meaning
that the surgeries using the linear suture method were not
only shorter on average but also less variable in length.
Because of the surgeon’s enough experience in our study,
the recurrence rate was not affected by a surgeon’s learning
curve, and that the distinction in operation time clearly
reflects the time consumed between two different surgical
techniques. The difference in operation time did not affect
the recurrence rate according to the logistic regression test.

It should be noted that the follow-up period is different
for the two groups in this study, and therefore the patients
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Fig. 4 Recurrence after laparoscopic herniorrhaphy. a Recurrence after purse-string suture in LH. b Recurrence after linear suture in LH

Table 4 Clinical risk factor for recurrence of hernia following herniorrhaphy

No recurrence (n = 2324) Recurrence (n = 11) Adjusted OR (95% CI) p value*
Group
Purse-string suture 1050 (45.2%) 10 (90.9%) Ref 0.004
Linear suture 1274 (54.8%) 1 (9.1%) 0.07 (0.01-0.53)
Sex
Male 1466 (63.1%) 9 (81.8%) Ref 0.347
Female 858 (36.9%) 2 (18.2%) 0.60 (0.16-2.24)
Age (month)
<12 932 (40.1%) 8 (72.7%) Ref 0.034
>12 1392 (59.9%) 3 (27.3%) 0.20 (0.06-0.74)
Symptom
Right 1267 (54.5%) 6 (54.5%) Ref 1.000
Left 1057 (45.5%) 5 (45.5%) 1.18 (0.39-3.56)
Organ
Bowel 1061 (45.7%) 6 (54.5%) Ref 0.323
Omentum 1019 (43.8%) 3 (27.3%) 8.64 (0.18-407.3)
Ovary 244 (10.5%) 2 (18.2%) 1.43 (0.37-5.64)
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Table 4 continued

No recurrence (n = 2324) Recurrence (n = 11) Adjusted OR (95% CI) p value*
Incarceration
Yes 225 (9.7%) 2 (18.2%) Ref 0.291
No 2099 (90.3%) 9 (81.8%) 0.50 (0.14-1.80)
Operation Time" 14.2 £+ 4.81 15.5 4+ 3.48 0.96 (0.86-1.07) 0.079

OR odds ratio

* Most of the p values represent comparisons of categorical variables, which were tested using the y> test

* Continuous variables were tested using the Mann—Whitney U test

who underwent surgeries more recently need to be
observed for longer periods of time to observe the “true”
recurrence rate. However, considering most of the recur-
rence occurred within 12 months, the follow-up period of
the last patient in Group 2 was 15 months at the time of this
writing, suggesting that the follow-up period of Group 2
was enough. The effect of the difference in the follow-up
period is expected to be minimal.

In conclusion, based on our findings, intracorporeal
linear suture technique for internal ring high ligation has
shown to significantly reduce the recurrence rate. We
addressed the cause of recurrence using the prior suture
method and provided a rationale why changing the suture
method can reduce the recurrence rate. The linear suture
technique does not have any added risk. When performed
by an experienced surgeon, the intracorporeal linear suture
method is safe and feasible, and could be an optimal and
practical choice of treatment for pediatric inguinal hernia.
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