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Laparoscopic surgery: an effective and safe surgical method

of pediatric inguinal hernia repair
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Purpose: Inguinal hernia (IH) repair is very commonly performed in children. While open repair (OR) is
the standard approach, laparoscopic repair is increasingly used. This study was aimed to investigate safety
and feasibility of laparoscopic repair of pediatric IH compared to OR.

Methods: We retrospectively enrolled 105 pediatric patients with IH repair between January 2011 and
October 2019. The laparoscopic procedures performed were laparoscopic percutaneous extraperitoneal
closure (LPEC), and three-port mini-laparoscopic repair (TLR). The OR was performed as per usual
technique.

Results: Thirty-nine patients underwent OR, 16 LPEC, and 50 TLR. The preoperative laterality of IH was
45 patients (42.9%) on the right side, 50 (47.6%) on the left side, and 10 (9.5%) on both sides. It was, however,
diagnosed postoperatively in 27 patients (25.7%) on the right side, 38 (36.2%) on the left side, and 40 (38.1%)
on both sides. Of the 63 patients who presented with unilateral IH in the laparoscopic groups, 32 (50.8%)
had synchronous contralateral patent process vaginalis (PPV) which were simultaneously repaired. This
was significantly more common in children under 3 years of age. Operative time in unilateral or bilateral
repair was significantly shorter in the laparoscopic repair groups (p < 0.001). Ipsilateral recurrence was not
observed in any group. Metachronous contralateral ITH occurrence was not significantly different between
groups.

Conclusion: Laparoscopic IH repair may have benefit in terms of shorter operation time and diagnosis of
unpredicted contralateral PPV compared to OR.
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INTRODUCTION

Inguinal hernia (IH) repair is the most common surgery per-
formed in children. In children under the age of 18, the incidence
of IH is 0.8% to 5% at full term and up to 30% with low birth
weight and premature births [1]. Pediatric IH is caused by persis-
tent patency of the vaginal process, unlike IH in adults, which is
due to weakness of the abdominal musculature. Therefore, pros-
thetic mesh reinforcement is necessary in adults, whereas high
ligation is sufficient in children [2].
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High ligation using open repair (OR) was described over 100
years ago, and the recurrence rate in recently published reports
is very low, ranging from 0% to 6% [3,4]. However, complications
such as spermatic cord injury, vas deference injury, hematoma,
surgical site infection, iatrogenic cryptorchidism, and testicu-
lar atrophy can be seen [5]. The laparoscopic approach was first
reported for pediatric TH repair in 1992 [6]. Although OR is still
widely performed, laparoscopic IH repair is being increasingly
used in many institutions, even in neonates, where minimally
invasive surgery is mainstream. It has been recently reported
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that, compared to OR, laparoscopic bilateral IH repair is associ-
ated with shorter operation time and fewer wound infections in
infants [7]. This study was aimed to investigate safety and feasi-
bility of laparoscopic repair of pediatric IH compared to OR in a
single center.

MATERIALS AND METHODS

This study was conducted on 105 children and adolescents aged
<19 years who underwent IH surgery at Korea University Ansan
Hospital from January 2011 to October 2019. We compared OR
and laparoscopic repair of pediatric IH performed in a single
center and further analyzed the results of two laparoscopic tech-
niques, laparoscopic percutaneous extraperitoneal closure (LPEC)
and three-port mini-laparoscopic repair (TLR). It is our policy
to conduct only one outpatient follow-up visit approximately
one week after the operation, with no further follow-up unless
indicated. Therefore, all subjects were contacted via telephone
interviews to determine their recent status. Telephone interviews
were attempted in October 2019 with 105 patients, and 29 out of
39 patients (74.4%) in the OR group responded. All 16 patients
in the LPEC group responded (100%), and 46 out of 50 patients
(92.0%) in the TLR group responded. The data were collected ret-
rospectively through medical charts, such as surgical records and
anesthesia records.

OR was performed by two surgeons. LPEC has been performed
since 2015, and TLR has been performed since 2018. In OR, high
ligation was performed only on the symptomatic side, whereas in
laparoscopic repair, bilateral repairs were performed when con-
tralateral patent processus vaginalis (PPV) was confirmed. Gen-
eral anesthesia was used for all operations. For the OR, a 1 to 2
cm incision was made in the symptomatic inguinal area, the her-
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nia sac was retrieved, the cord structure was detached, and high
ligation was performed. LPEC was performed as previously re-
ported [8]. A 5-mm camera was inserted through the umbilicus,
and one 3-mm port was placed in the suprapubic area, through
which one assisted laparoscopic instrument was inserted. After
checking the patency of the processus vaginalis, an incision of
approximately 1 to 2 mm was performed above it. Subsequently,
preperitoneal sutures were placed first on the medial side, from
12 oclock to 6 oclock of the internal inguinal ring, using a 21-
gage spinal needle. At that time, an assisted instrument was used
to direct the vas deference and gonadal vessels down the suture
line. The needle was removed after coming out in the direction of
6 oclock, and the 4-0 prolene was pushed down to form the loop.
The same process then started in the opposite direction, from 12
oclock to 6 oclock, with the needle coming out at 6 oclock. The
sufficiently delivered prolene was caught with a loop and came
out, and a tie was carefully performed at the incision site. At that
time, the operation was concluded after checking whether the
internal inguinal ring was sufficiently closed through the camera
(Fig. 1). TLR was performed using the laparoscopic sac transec-
tion and peritoneal closure method [9]. We performed the pro-
cedure using a 3-mm camera and two 3-mm instruments. After
complete transection of the hernia sac at the level of the internal
inguinal ring, the peritoneum around the ring was sutured with
a 4-0 prolene suture to close it (Fig. 2).

The nonparametric variance analysis was performed using
the Mann-Whitney U test. Comparisons between variables were
evaluated using the chi-square test. Statistical significance was
set at p < 0.05. Statistical analysis was performed using IBM SPSS
version 20 (IBM Corp., Armonk, NY, USA).

Fig. 1. Laparoscopic percutaneous extraperitoneal closure. (A) Preperitoneal suturing performed first on the medial side from 12 o’clock to 6 o’clock of
the internal inguinal ring using a 21-gage spinal needle. (B) Suturing in the opposite direction from 12 o’clock to 6 o’clock, with the needle coming out

into the loop at 6 o'clock. (C) Closure of the internal inguinal ring.
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Fig. 2. Three-port mini-laparoscopic repair. (A) The hernia sac is transected at the level of the internal inguinal ring. (B) Suturing the peritoneum around
the internal inguinal ring with a purse-string suture. (C) Closure of the internal inguinal ring.

Table 1. Patient characteristics

Characteristic Total Open Laparoscopy p value
No. of patients 105 39 66 >0.999
Male sex 77 (73.3) 29 (74.4) 48 (72.7) >0.999
Age at operation (mo) 17.2 (0.8-183.5) 17.1(0.8-136.7) 20.2 (0.8-183.5) 0.686
<3mo 30(28.6) 12 (30.8) 18 (27.3) 0.824
<dyr 45 (42.8) 18 (46.2) 27 (40.9) 0.684
<3yr 65 (61.9) 24.(61.5) 41 (62.1) >0.999
>3yr 40 (38.1) 15 (38.5) 25(37.9) >0.999
Weight at operation (kg) 10.5 (3.08-55) 10.2 (3.08-42) 11 (3.2-55) 0.907
<5 21 (20.0) 8 (20.5) 13 (19.7) >0.999
<10 47 (44.8) 19 (48.7) 28 (42.4) 0.549
>10 58 (65.2) 20 (51.3) 38 (57.6) 0.549
Initial symptom
Inguinal swelling 104 (99) 39 (100) 65 (98.5) >0.999
Vomiting 2(1.9 1(2.6) 1(1.5 >0.999
Fever 39 0(0) 345 0.293
Hydrocele 21 (20.0) 11(28.2) 10 (15.2) 0132
Major comorbidities” 5(4.8) 1(2.6) 4(6.1) 0.649
Follow-up (mo) 23.6 (0.5-106.7) 83.8 (11.0-106.7) 8.7 (0.5-58.4) <0.001

Values are presented as number only, number (%), or median (range).

“Atrial septal defect, 1; ventricular septal defect, 1; patent ductus arteriosus, 1; coarctation of aorta, 1; tetralogy of Fallot, 1.

RESULTS

Of the 105 patients, 73.3% were male. The median age and me-
dian weight at the time of surgery were similar in the OR and
laparoscopy groups. Most of the patients presented with inguinal
swelling, and there was no significant difference between the
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two groups in the number of patients with major comorbidities.
The median duration of follow-up after surgery was 23.6 months,
and the recently performed laparoscopy group was significantly
shorter than the OR group (Table 1). In subanalysis within the
laparoscopic group, there were 16 patients in the LPEC group and
50 patients in the TLR group. There were 16 patients in the LPEC
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Table 2. Operation findings
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Variable Total Open Laparoscopy p value
No. of patients 105 39 66
Side of initial presentation
Right 45 (42.9) 15 (38.5) 30 (45.5) 0.544
Left 50 (47.6) 17 (43.6) 33(50.0) 0.551
Bilateral 10 (9.5) 7(17.9 3(4.5) 0.037
Side at operation
Right 27 (25.7) 15(38.5) 12(18.2) 0.036
Left 38(36.2) 17 (43.6) 21(31.8) 0.294
Bilateral 40 (38.1) 7(17.9 33(50.0) 0.002
Right to bilateral 20 (19.0) None 20 (30.3)
Left to bilateral 12 (11.4) None 12 (18.2)
Operation time (min)
Unilateral 435 +14.7 49.7 +15.4 375+11.2 <0.001
Bilateral 50.1 +22.1 86.3 +22.2 424 +126 <0.001
Postoperative stay (day) 0.73x0.7 0.9+055 0.64 =0.71 0.018

Values are presented as number only, number (%), or mean = standard deviation.

group and 50 patients in the TLR group. The median age and
median weight at the time of surgery were significantly lower
in the LPEC group (age, 8.5 months [range, 1.3-54.4 months];
weight, 7.6 kg [range, 3.2-17.6 kg]) compared to the TLR group
(age, 30.5 months [range, 0.8-183.5 months]; weight, 131 kg [range,
3.3-55.0 kg]; p = 0.019 and p = 0.048).

The initial presentation was on the right side in 42.9% of cases,
on the left side in 47.6%, and on both sides in 9.5%. Among the
patients who underwent laparoscopic surgery, contralateral PPV
was found on the left side in 20 of 30 patients (66.7%) whose ini-
tial presentation was on the right, and on the right side in 12 of 33
patients (36.4%) whose initial presentation was on the left. That
is, out of 63 patients who initially presented for unilateral laparo-
scopic repair, 32 patients (50.8%) were found to have synchronous
contralateral PPV which was simultaneously repaired. Among
the patients in the group who underwent laparoscopic surgery,
three patients had a history of bilateral inguinal swelling, but two
patients underwent unilateral repair because PPV was confirmed
only on the right side. Operation time was significantly shorter
in the laparoscopy group for both unilateral and bilateral repairs,
and the postoperative hospital stay was also significantly shorter
in the laparoscopy group than OR group (Table 2). In subanalysis
within the laparoscopic group, operation time was significantly
shorter in the TLR group for both unilateral and bilateral repairs
than LPEC group (unilateral, 33.7 + 8.4 minutes vs. 47.7 £ 11.8
minutes; bilateral, 37.0 + 6.0 minutes vs. 62.9 + 8.9 minutes; p <
0.001 and p < 0.001).

Table 3. Contralateral patent processus vaginalis in laparoscopic repair
group

Variable No. (%) p value

Sex 0.272
Male 21/48 (43.8)
Female 11/18 (61.1)

Age 0.010
<3mo 1118 (61.1)
3 mo—6 mo 4/5 (80.0)
6 mo—1yr 2/4 (50.0)
1yr=3yr 10/14 (71.4)
3yr-5yr 2/12 (16.7)
>5yr 3/13 (23.1)

In the laparoscopic repair groups, 43.8% of males and 61.1%
of females had a contralateral PPV. This finding appeared to be
more frequent in females, but the difference was not significant.
By age, contralateral PPV was found in 80% of patients aged
from 3 to 6 months, and in 71.4% of patients aged from 1 to 3
years. These results suggest that contralateral PPV tends to de-
crease significantly after 3 years of age (Table 3).

No ipsilateral recurrence occurred during the postoperative
follow-up period. Surgical site infection was observed in one
patient (1.5%) after laparoscopic surgery. Ten patients (9.5%) were
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Table 4. Postoperative complications and occurrence of metachronous contralateral inguinal hernia

Variable Total Open Laparoscopy p value
No. of patients 105 39 66 -
Recurrence 0(0) 0(0) 0(0) -
Surgical site infection 1(1.0) 0(0) 1(1.5) >0.999
Hydrocele 10 (9.5) 3(7.7) 7(10.6) 0.741
Hematoma 2(1.9 2(.1) 0(0) 0.136
Seroma 2(1.9 0 (0) 2 (3.0) 0.529
Total” 14 (13.3) 5(12.8) 9(13.6) >0.999
Occurrence of metachronous contralateral inguinal hernia 3(2.9 2 (.1) 1(1.5) 0.554

Values are presented as number only or number (%).
“Multiple complications could occur in the same patients.

found to have hydrocele after surgery, but there was no signifi-
cant difference between groups. Of the 105 patients, three (2.9%)
experienced metachronous contralateral IH occurrence after
surgery. It occurred in two of the OR group (51%) and one of the
laparoscopic repair groups (1.5%), but the difference was not sig-
nificant (p = 0.554). It occurred at 24.03 months, and 21.7 months
after surgery in the two OR group patients, and at 2 months after
surgery in the one LPEC patient (Table 4).

DISCUSSION

The operative time was shorter in the laparoscopic repair groups.
Contralateral PPV was confirmed in 50.8% of patients who un-
derwent laparoscopic repair for unilateral inguinal swelling, and
the probability of such was higher in patients under 3 years of
age. Laparoscopic IH repair may have benefit in terms of shorter
operation time and diagnosis of unpredicted contralateral PPV
compared to OR especially in younger patients.

Almost all IHs in children are congenital indirect hernias that
occur through the processus vaginalis, the anatomical path cre-
ated before birth, through which the testicles descend from the
abdomen to the scrotum. The exact timing of the processus vagi-
nalis closure is not clear. Some studies report that 80% to 100%
of infants have a PPV at birth, with most of them closing within
6 months of age [10]. It is not well known why the processus
vaginalis is not obliterated. Failure of the surrounding smooth
muscle cells to undergo apoptosis when the testicles descend has
been reported as a cause [11]. It has also been suggested that a
decrease in the calcitonin gene-related protein release from the
genitofemoral nerve can lead to hernia and scrotal edema after
birth [12]. In females, it is the round ligament supporting the
uterus that descends through the processus vaginalis, which, if
persistently patent, is called the canal of Nuck, and can lead to
hernia development [13].
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OR is the traditional surgical method of hernia repair in chil-
dren, and it is still widely practiced [14]. It is fast, safe, and can be
done as outpatient. It has, however, a recurrence rate of about 1%
to 5% depending on the skill level of the surgeon, the age of the
patient, and the accompanying disease [15]. The introduction of
laparoscopic repair in the 1990s was a milestone in surgical re-
pair of pediatric hernias. In 1995, Takahara et al. [8] reported on
a surgical method called LPEC, and since then, there have been
several reports on its safety and efficacy [14,16]. In one systematic
review comparing open and laparoscopic repair in children, the
operation time was 30.1 minutes for OR and 23.7 minutes for
laparoscopic repair in unilateral IH, with no statistical differ-
ence between the two (p = 0.33). However, in the case of bilateral
hernias, the laparoscopic operation time was significantly shorter
than the OR time (46.1 minutes vs. 30.9 minutes, p = 0.01) [7].
These findings have been reproduced in several other studies [17]
and suggest that laparoscopic surgery is more efficient in terms
of operation time than OR in pediatric IH repair.

In the same systematic review, the recurrence rate was 1.6%
for OR and 1.4% for laparoscopic repair with no statistical differ-
ence between the two techniques (p = 0.66) [7]. However, the rate
of complications such as wound infection, hydrocele, iatrogenic
cryptorchidism, and testicular atrophy was higher in OR than in
laparoscopic repair (2.7% vs. 0.9%, p = 0.001). In a study conduct-
ed by Ho et al. [17], there was no statistical difference between
OR and laparoscopic repair in terms of postoperative recurrence
rate and wound infection. However, postoperative scrotal swell-
ing occurred more frequently in the OR group (p = 0.006). In
other studies, metachronous contralateral hernia, surgical site
infection, and scrotal swelling occurred significantly less with
laparoscopic repair [18]. These results suggest that laparoscopic
repair may be preferable, compared to OR, because of few com-
plications such as cryptorchidism and testicular atrophy. This is
probably because the visualization of cord structures is good, and
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dissection can be made safer. In addition, the laparoscopic dis-
section field is limited to the peritoneal layer, so the vas deferens
is less likely to be injured [7].

In addition to a shorter operation time and fewer surgical
complications, laparoscopic repair has many other advantages.
Laparoscopic repair is a minimally invasive surgery associated
with less pain, quick return to daily life, and excellent cosmetic
outcomes [16]. In one study, hospital stay and recovery time were
overall similar for OR and laparoscopic repair, but patients who
underwent LPEC had fewer complications and shorter unilateral
surgery time, whereas patients who received TLR had shorter
hospital stays [19].

In a study by Korkmaz and Giiveng [16], which compared
three-port conventional laparoscopic repair and LPEC, the op-
eration time was seemed shorter in the LPEC group in unilat-
eral hernia repair and was approximately the same in the two
groups in bilateral repair. There was no recurrence in the LPEC
group and two recurrences (4.3%) in the three-port conventional
laparoscopic repair group, which happened during the learning
curve period. In the LPEC group, there were cases of inferior
epigastric vessel injury resulting in OR and hydrocele formation
after surgery. However, no complications occurred in the three-
port conventional laparoscopic repair group. In our study, the
operative time was shortest in the TLR group for both unilateral
and bilateral repairs (p < 0.001). Metachronous contralateral IH
occurred in one case (6.2%) in the LPEC group, and none in the
TLR group.

In this study, synchronous contralateral PPV was found in
50.8% of patients when laparoscopic repair was performed for
unilateral inguinal swelling. In these cases, contralateral repair
was performed simultaneously. There is controversy over contra-
lateral groin exploration in infants and children with unilateral
indirect IH [20]. The purpose of contralateral exploration is to
prevent hernia from occurring later. Disadvantages of contralat-
eral exploration include the possibility of damage to spermatic
cord vessels, vas deferens, and testis, and an increase in operation
time and anesthesia time [21]. Because contralateral PPV may not
always progress to metachronous contralateral IH [22], its repair
has been reported to be unnecessary [23]. However, contralateral
exploration can avoid the risk of incarceration, additional surgi-
cal costs, additional anesthesia, and parental worries [24]. Because
the opposite side can be explored without the risk of significant
damage to the vas and vessels, pediatric surgeons are increasingly
using laparoscopic exploration [25] to detect and repair contralat-
eral PPV [26]. Rather than routinely performing contralateral ex-
ploration, several studies of IHs in children have recommended
age-specific exploration [22,27]. According to Holcomb et al. [28],
bilateral THs occurred in 50% of children younger than 1 year,
45% of children younger than 2 years, and 37% of those younger
than 5 years suggesting that the younger they were, the more
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common a bilateral IH was. After unilateral hernia correction,
5%-20% of patients had hernias developed on the contralateral
side, and repair was needed. In our study, contralateral PPV in
patients who underwent laparoscopic surgery for a unilateral
indication was found in 80% of patients aged from 3 to 6 months
and 71.4% of patients aged from 1 to 3 years, but in only 20% of
those over 3 years old. Therefore, we believe that it is better to
simultaneously repair contralateral PPV by a laparoscopic tech-
nique in patients under 3 years of age with unilateral symptoms.

The recurrence rate in pediatric hernia surgery is reported to
be 0% to 6% in OR, and 0% to 15.5% in laparoscopic repair, and
recurrence almost always occurs within 1 year after surgery
[29]. In our study, there was no ipsilateral recurrence in the three
groups during the median follow-up period of 23.6 months. In
two patients who underwent OR, metachronous contralateral
IH occurred after 24.03 months and 21.7 months; whereas in
one patient who underwent LPEC, metachronous contralateral
IH occurred 2 months after surgery, and it was due to a small
contralateral PPV which was missed. Sumida et al. [30] noted
the importance of careful screening to reduce the occurrence of
metachronous contralateral hernia in LPEC.

This study has some limitations. This institution was not a spe-
cialized pediatric surgical center until 2017. Therefore, the num-
ber of pediatric IH was not large. As a result, the study enroll-
ment period became long, and after a pediatric surgeon joined in
2018, the number of pediatric laparoscopic surgery suddenly in-
creased. This is a limitation of this study since the heterogeneity
of the enrollees may have acted as a bias in the interpretation of
the surgical outcome. In the laparoscopy group, the median du-
ration of follow-up was short enough to be less than 1 year. Since
such a short period is not sufficient to evaluate surgical compli-
cations, it is possible that the complications in the laparoscopy
group were underestimated. In this study, postoperative hospital
stay was shorter in the laparoscopic repair group than OR group,
which may seem to suggest that laparoscopic repair allows faster
return to daily life due to less postoperative pain and faster re-
covery than OR. However, this study had limitation in enrolling
patients over 9 years. As medical care and technology advance
during this period, the policy of surgeons and hospitals for ‘hos-
pital stay’ changes. In this institution, both OR and laparoscopic
surgery have recently been aimed at day surgery (shorter hospital
stay). As mentioned earlier, LPEC has been performed in this
institution since 2015, and TLR has been performed since 2018.
Therefore, the postoperative hospital stay in this study would not
have much meaning in the interpretation of the results due to the
bias caused by the long study period.

In conclusion, the operative time of IH repair was shorter in
the laparoscopic repair groups than in the OR group; metachro-
nous contralateral IH occurred in 51% of the OR group and 1.5%
of the laparoscopic repair group, but the difference was not sig-
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nificant. Contralateral PPV was confirmed in 50.8% of patients
who underwent laparoscopic repair for unilateral inguinal swell-
ing, and the probability of finding synchronous contralateral
PPV was significant in patients under three years of age. Lapa-
roscopic IH repair is safe and effective and can be used to detect
synchronous contralateral PPV especially in younger patients,
thus preventing metachronous contralateral IH occurrence.
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