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Abstract

Purpose Recurrence is a concerning area in pediatric inguinal hernia repair. Various laparoscopic repair methods are avail-
able to treat recurrent pediatric inguinal hernia. We analyzed previous laparoscopic hernia repairs and report the outcomes
of laparoscopic inguinal hernia reoperations in patients with recurrent inguinal hernia.

Methods Fifty-one patients who presented for recurrent inguinal hernia after laparoscopic hernia repair from September
2012 to May 2017 were retrospectively evaluated. Previous laparoscopic procedures were analyzed with respect to sac
removal (removal vs. leaving in place), suture material (absorbable vs. nonabsorbable), and high ligation method (purse
string vs. multiple stitches). We removed the hernia sac from all patients and performed suture repair of the muscular arch
of the internal inguinal ring using nonabsorbable material.

Results All patients (38 male, 13 female) had indirect inguinal hernias. No conversion to open surgery occurred. Forty-three
(84.3%) patients developed recurrence within 1 year after the previous operation [mean 8.7 +6.9 (range 3-33) months].
Twenty patients had concurrent hydroceles (39.2%); 16 were cord hydroceles and 4 were canal of Nuck hydroceles. In the
previous operations, the hernia sac was not removed in 100% (51/51) of patients, absorbable suture material was used in
58.8% (30/51), and purse string high ligation was performed in 88.2% (45/51). No re-recurrence developed during a mean
follow-up of 25.0+12.6 (range 13-54) months.

Conclusion Laparoscopic reoperation with hernia sac removal and suture repair of the muscular arch of the internal inguinal
ring with nonabsorbable material is an effective operation with few recurrences and complications.

Keywords Pediatric inguinal hernia - Laparoscopic hernia repair - Recurrent hernia - Laparoscopic reoperation

Introduction

Surgical management of pediatric recurrent inguinal her-
nia (PRIH) is always challenging. Unlike recurrent inguinal
hernia in adults, no general guidelines are available for reop-
eration of PRIH. In adults, the current guidelines recom-
mend a laparoscopic operation using large-size mesh for the
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treatment of recurrent inguinal hernias originally repaired by
a primary open approach, and an open approach for the treat-
ment of recurrent adult inguinal hernias originally repaired
by a primary laparoscopic operation [1-4]. Two standard
methods are used: transabdominal preperitoneal patch plasty
and total extraperitoneal patch plasty [5].

Many reports have described the results of primary lapa-
roscopic surgery for pediatric inguinal hernia (PIH) [6-8]
and successful treatment of recurrent hernias using laparo-
scopic procedures [9—12]; nevertheless, no general guide-
lines are available for the treatment of PRIH. The various
techniques used to date have differences in the hernia sac
removal technique, suture material, and high ligation method
[7, 8, 13]. The recurrence rate after laparoscopic primary
PIH repair reportedly ranges from 0.68 to 4.00% [14]. The
re-recurrence rate after a laparoscopic reoperation reportedly
ranges from 8 to 19% in adult inguinal hernias [2]. How-
ever, few data are available on the re-recurrence rate after
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laparoscopic reoperations in PRIH. The re-recurrence rate
after a laparoscopic reoperation for PRIH is reportedly lower
than that in adults [11, 12]. To the best of our knowledge,
few reports have described the results of re-laparoscopic
repair after primary laparoscopic PIH repair. In this study,
we analyzed the technical details that could contribute to
recurrence in previous operations. We evaluated a laparo-
scopic hernia reoperation technique involving hernia sac
removal with multiple stitches using nonabsorbable suture
material for treating patients with PRIH who had previously
undergone laparoscopic hernia repair.

Methods

We retrospectively analyzed the case records of 51 patients
who presented with PRIH from September 2012 to May
2017 at Damsoyu Hospital, Seoul, Republic of Korea.
Patients who developed recurrence after surgery in another
hospital and patients who developed recurrence after surgery
in our hospital were included in the study. Each patient’s
history and surgical method were confirmed by checking

Fig. 1 Previous suture method.
a Purse string suture. b Multiple
stitches in a linear suture pat-
tern. ¢ Nonabsorbable suture
material. d Absorbable suture
material
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the medical records obtained from the facility at which the
initial procedure had been performed. All data were retro-
spectively collected by a data manager working at the Dam-
soyu Hospital research center. The previous laparoscopic
procedures were analyzed with respect to removal of the
hernia sac (removal vs. leaving in place), suture material
(absorbable vs. nonabsorbable) (Fig. 1a, b), and high liga-
tion method (purse string vs. multiple stitches) (Fig. lc, d).

Laparoscopic hernia repair technique

Laparoscopic PRIH repair was performed using a three-
port technique with high ligation. The laparoscopy system
included a 3.0-mm camera and 3.0-mm instruments. The
operation was performed with the patient in the supine
position under general anesthesia. A transumbilical 3.0-
mm incision was made, and a 3.0-mm trocar was used to
create carbon dioxide pneumoperitoneum that was main-
tained at 6-8 mmHg. The other 3.0-mm instruments were
inserted through separate 3.0-mm stab incisions on the lat-
eral abdomen.
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Recurrence sites were observed with a laparoscopic cam-
era. The loosened peritoneum (hernia sac) was incised at the
lateral site of the entrance of the internal inguinal ring and
entirely removed. When hydroceles of the spermatic cord

or canal of Nuck were present, hydrocelectomy was per-
formed simultaneously (Fig. 2). If a previous tie was present,
it was removed (Fig. 3a, b). The vas deferens and gonadal
vessels were preserved separately from the sac (Fig. 3c¢).

Fig.2 Hydrocele occurrence. a Cord hydrocele in a male patient. b Hydrocele of the canal of Nuck in a female patient

Fig.3 Reoperation of a right inguinal recurrent hernia. a Previous
nonabsorbable suture material. b Removal of previous stitch. ¢ Com-
plete removal of hernia sac. Preservation of the vas deferens (white
arrow) and gonadal vessels (black arrow). d First stitch of the iliopu-
bic tract (white arrow). e Suturing of the medial side of the muscu-

lar arch of the internal inguinal ring (white arrow). f Sufficient space
for the vas deferens (white arrow) and gonadal vessels (black arrow)
before the first knot. Intact triangle of pain (white triangle) and trian-
gle of doom (black triangle). g Complete repair of the muscular arch
of the internal inguinal ring. h Closure of the peritoneum

@ Springer



666

Hernia (2019) 23:663-669

The muscular arch suture technique using nonabsorbable
3-0 silk was previously reported [15], and the procedures
are shown in Fig. 3. The first stitch was used to tie the lat-
eral and medial muscular arch of the internal inguinal ring
with a space for the vas deferens and gonadal vessels to pass
through without compression (Fig. 3d, e). The first stitch
was a suture of the iliopubic tract and the medial muscular
arch of the internal inguinal ring, avoiding the triangle of
pain and triangle of doom (Fig. 3f). After the first stitch, the
muscular arch of the internal inguinal ring suture continued
without contact with the iliopubic tract (Fig. 3g). Suture of
the muscular arch was performed to prevent damage to the
femoral branch of the genitofemoral nerve and to reduce
tension. The peritoneum was then closed in the downward
direction (Fig. 3h).

Protocols and follow-up

Liquid ingestion and lactation were permitted after 2 h of
observation. The protocol at our institution stipulates that the
patient can be discharged if their condition remains stable
and they feel comfortable while performing daily activities
such as walking and eating. Routine outpatient follow-up
included a physical examination after 1 week and 1 year.
After 1 year, we conducted a telephone interview without
follow-up and then conducted annual telephone follow-
ups in December every year until June 2018. The follow-
up period was 13-54 months. Telephone interviews were
performed to obtain information on the postoperative status
(such as pain and recurrence). Outpatient follow-up included
routine questions apart from the information obtained from
the retrospective chart review.

Statistical methods

All statistical analyses were performed using R software
version 3.3.2 (R Development Core Team, Vienna, Austria,
http://www.R-project.org). Continuous variables are pre-
sented as mean and standard deviation. Categorical variables
are presented as frequency and percentage.

Results
Patient characteristics

The patients’ characteristics are shown in Table 1. All
patients had previously undergone laparoscopic hernia
repair. The total number of patients with PRIH was 51,
and their mean age was 40.7 +33.0 (range 6—156) months.
Thirty-eight patients were male and 13 were female. There
were 30 right hernias, 20 left hernias, and 1 bilateral her-
nia. Of all 51 patients, 43 were undergoing their second
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Table 1 Characteristics of patients with pediatric recurrent inguinal
hernia

Number of patients (N=51)

Age, months 40.7+33.0 (6-156)
Sex
Male 38 (74.5)
Female 13 (25.5)
Location of hernia
Right 30 (58.8)
Left 20 (39.2)
Bilateral 1(2.0)
Number of previous operations
1 43 (84.3)
2 5(9.8)
3 3(5.9)
Type of hernia
Indirect 51 (100.0)
Direct 0(0.0)
Interval of recurrence, months 8.7+6.9 (3-33)
<1 year 43 (84.3)
1-2 years 5(9.8)
2-5 years 3(5.9
>5 years 0(0.0)

Categorical variables are represented as number (%) and continuous
variables as mean + standard deviation (range)

operation, 5 were undergoing their third operation, and 3
were undergoing their fourth operation. All patients had
an indirect inguinal hernia. Forty-three patients developed
recurrence within 1 year after the previous operation, and the
mean recurrence period was 8.7 +6.9 (range 3—33) months.

Details of previous laparoscopic operations

The detailed techniques of the previous laparoscopic opera-
tions are shown in Table 2. With respect to the hernia sac
treatment method, the sac was removed in no patients (0%);
it was left in place in all patients (100%). With regard to
suture material, 30 (58.8%) patients were treated with
absorbable suture material and 21 (41.2%) were treated
with nonabsorbable suture material. In terms of the suture
method, 45 (88.2%) patients were treated by purse string
sutures and 6 (11.8%) were treated by multiple stitches.

Outcomes of laparoscopic reoperation

The outcomes of the laparoscopic reoperation are shown
in Table 3. The mean operation time was 18.6 + 8.6 (range
10-60) minutes. Twenty hernias were accompanied by
hydroceles (39.2%); 16 were cord hydroceles and 4 were
canal of Nuck hydroceles. The postoperative complications
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Table 2 Details of previous laparoscopic operations

Number
of patients
(N=51)
Hernia sac treatment
Removed 0(0.0)
Left in place 51 (100.0)
Suture material
Nonabsorbable 21 (41.2)
Absorbable 30 (58.8)
High ligation method
Multiple stitches 6(11.8)
Purse string 45 (88.2)

Categorical variables are represented as number (%)

Table 3 Outcomes of laparoscopic reoperation

Number of patients (N=51)

Operation time from skin incision to 18.6+8.6 (10-60)

closure, min

Hydrocelectomy 20
Cord hydrocele 16 (80.0)
Canal of Nuck hydrocele 4 (20.0)
Complications
Hematoma 2(3.9)
Seroma 1(2.0)
Surgical site infection 1(2.0)
Urinary retention 1(2.0)
Testicular atrophy 0(0.0)
Chronic inguinodynia 0(0.0)
Hydrocele formation 0(0.0)
Re-recurrence 0(0.0)

Follow up period, months 25.0+12.6 (13-54)

Categorical variables are represented as number (%) and continuous
variables as mean + standard deviation (range)

comprised two scrotal hematomas, one inguinal seroma, one
umbilical port site infection, and one case of urinary reten-
tion, all of which subsided with conservative treatment. No
re-recurrence was observed during a mean follow-up period
of 25.0+ 12.6 (range 13-54) months.

Discussion

Technical guidelines are available for treating recurrent adult
inguinal hernia, and these guidelines recommend the use
of large-size mesh [16]. In the treatment of adult recurrent
inguinal hernia, a laparoscopic operation is recommended
for hernias originally repaired by a primary open approach,

and an open approach is recommended for those originally
repaired by a primary laparoscopic operation [1-4]. How-
ever, few technical guidelines or recommended surgical
procedures are available for the treatment of PRIH. Suc-
cessful treatment of PRIH by a laparoscopic reoperation was
recently reported [9—12]. Because laparoscopic PRIH reop-
eration has a limitation in mesh use, which differs from adult
hernia repair, detailed techniques are important. Hernia sac
disconnection and nonabsorbable suture material reportedly
reduce the recurrence rate after primary PIH repair [6], and
placement of multiple sutures is reportedly associated with
a lower recurrence rate than the use of purse string sutures
[7]. One study showed that closure of the muscular arch of
the internal inguinal ring reduces recurrence in adolescent
primary inguinal hernia repair [15]. During reoperation, clo-
sure of the muscular arch of the internal inguinal ring can
reportedly reduce recurrence [11].

Laparoscopic PIH repair is usually performed by two
methods: intracorporeal high ligation and percutaneous
high ligation. The reported recurrence rates associated with
these two methods are 0.4-3.7% and 0.0-15.5%, respec-
tively [17-19]. Hernia sac treatment can be performed using
various intracorporeal suture techniques: complete perito-
neal disconnection surgery, surgical hernia sac removal,
and high ligation without treatment of the hernia sac [20].
The reported recurrence rate associated with each method
is 0.00% (0/80) [6], 0.53% (2/375) [21], and 2.60% (2/77)
[6], respectively. The recurrence rate was low in previously
reported sac disconnection or removal surgery. In the pre-
sent study, the hernia sac was left in place in all previous
laparoscopic operations. In terms of the suture method,
the recurrence rate associated with purse string sutures is
0.94-2.40%, and that associated with multiple stitches is
0.08-3.76% [6, 7, 22]. In another study, the recurrence rate
when using absorbable vs. nonabsorbable suture material
was 5.0% and 3.8%, respectively [23, 24]. The reported
rate of hydrocele occurrence after laparoscopic PIH repair
is 19% [6, 25]. Leaving the hernia sac in place may cause
hydrocele formation [26]. In this study, reoperation was per-
formed with removal of the hernia sac. Although one seroma
occurred, no hydroceles developed. The inguinal seroma was
resolved by conservative treatment.

All cases of PRIH in this study were lateral (indi-
rect), similar to the findings in other studies [9]. In one
report, the recurrence rate was lower when performing
hernia sac disconnection than when leaving the hernia sac
intact [6]. There is a risk of injury to the vas deferens
and gonadal vessels when removing the hernia sac [27,
28]. We encountered no intraoperative major bleeding
or vas deferens injury due to removal of the peritoneum
while pulling the vas deferens and gonadal vessels to the
inferomedial side. Other studies have indicated that the use
of nonabsorbable sutures [24], multiple stitches [7], and
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suture repair of the muscular arch of the internal inguinal
ring [15] were associated with a lower recurrence rate than
the use of absorbable sutures, purse string sutures, and
high ligation, respectively.

Pain assessment is difficult in pediatric patients. In one
study of adolescent patients with inguinal hernias, there
was no difference in pain between the patients who did
and did not undergo muscular arch suturing [15]. Surgery
to suture the muscular arch to the iliopubic tract has also
been reported, but there was no mention of pain [11]. The
entry point of the femoral branch of the genitofemoral
nerve was in the caudal location of the inguinal ligament
in 84.0% of patients and in the medial direction in the
anterior superior iliac spine in 5.2% [29].

In the present study, five patients underwent a third opera-
tion and three patients underwent a fourth operation. Unlike
adult laparoscopic hernia repair, pediatric laparoscopic her-
nia repair does not involve the use of synthetic mesh. No
mesh adhesion or anatomical transformation occurred when
performing re-laparoscopic repair and no injury to important
structures was encountered. All patients who underwent two
or more surgeries were referred to our hospital after lapa-
roscopic repair at another hospital, and the re-laparoscopic
hernia repairs were not difficult to perform.

This study has several limitations, including its retro-
spective design. The patients underwent initial PIH repair
in various hospitals. Because the follow-up period was
not long, longer-term follow-up is required to ascertain
the actual recurrence rate. Another limitation is that the
telephone interview was performed 1 year after the opera-
tion because it is difficult to convince patients and their
families to revisit the hospital in the long term after treat-
ment of a benign disease.

Despite the relatively short-term observation period,
patients with PRIH who previously underwent laparo-
scopic surgery encountered no difficulty in laparoscopic
reoperation, and the recurrence rate was low. Therefore, an
important finding of this study is that laparoscopic reop-
eration may be considered a priority in the treatment of
PRIH after laparoscopic surgery.

In conclusion, this study focused on laparoscopic reopera-
tion for the treatment of PRIH after previous laparoscopic
PIH repair. Because of the limitation in the use of synthetic
mesh in the treatment of PRIH, technical details are impor-
tant. The laparoscopic reoperation was safe in patients with
PRIH after having undergone a primary laparoscopic pro-
cedure. Laparoscopic reoperation for PRIH with hernia sac
removal and suture repair of the muscular arch of the inter-
nal inguinal ring with nonabsorbable material is an effective
operation with few recurrences and complications.
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