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Abstract

Purposes We use the laparoscopic percutaneous extraperitoneal closure (LPEC) method as the standard procedure for pedi-
atric inguinal hernia. Despite judging there to be no contralateral patent processus vaginalis (PPV) at the time of the first
LPEC, we experienced five cases in which metachronous contralateral inguinal hernia (MCH) developed, so we report the
characteristics, including the predictors.

Methods For pediatric inguinal hernia, the LPEC method was used in 1277 cases from 2005 to 2019 in our department. Of
these, 374 patients underwent unilateral LPEC, and we compared the 5 patients with MCH onset and the 369 without MCH
onset. The items to be examined were the gender, age, presence of a low birth weight, initial-onset side, and contralateral
internal inguinal ring classification.

Results There was no significant difference in the gender, age, initial-onset side, or contralateral internal inguinal ring clas-
sification between the two groups. Low-birth-weight infants were significantly more common among those with MCH than
among those without MCH.

Conclusions The only predictor of a contralateral onset after LPEC for pediatric inguinal hernia was a low birth weight.
Therefore, for the above-mentioned unilateral LPEC cases, the possibility of a contralateral onset after LPEC due to acquired
factors rather than congenital factors should be considered.

Keywords Laparoscopic percutaneous extraperitoneal closure - Metachronous contralateral inguinal hernia - Patent
processus vaginalis

Abbreviations Introduction

cPPV  Contralateral patent processus vaginalis

LPEC Laparoscopic percutaneous extraperitoneal The metachronous contralateral onset of pediatric inguinal
closure hernia is an issue with the open (or anterior) approach to

MCH Metachronous contralateral inguinal hernia unilateral inguinal hernia in children [1, 2]. Laparoscopic

PPV Patent processus vaginalis percutaneous extraperitoneal closure (LPEC) allows for

SD Standard deviation the laparoscopic observation of the contralateral internal

inguinal ring, so the contralateral onset of pediatric ingui-
nal hernia caused by congenital patent processus vaginalis
(PPV) can be prevented if contralateral PPV (cPPV) is not
identified during surgery. However, it has recently become
clear that a contralateral onset occurs even when LPEC is
performed without cPPV [3, 4].

We also experienced five cases of a contralateral onset
0< Hiroki Mori after LPEC at our hospital and present these cases along
mori.hiroki @tokushima-u.ac.jp with their features. The purpose of this study was to exam-

. o ine the characteristics, including the incidence rate, and to
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Methods Results
Patients Incidence rate for pediatric metachronous

The study population comprised 1277 patients (807 males
and 470 females) who underwent LPEC for pediatric ingui-
nal hernia in our hospital from 2005 to 2019. The procedure
and technique for LPEC are based on those described previ-
ously by Takehara et al. [5]. In cases of unilateral inguinal
hernia, the same skilled surgeon observed all cases for the
presence or absence of contralateral PPV.

This study was approved by the ethics committee of
Tokushima University Hospital (No. 3597) and the cor-
responding regulatory agencies, and all experiments were
carried out in accordance with approved guidelines. All
patients provided their written informed consent for sur-
gery and study participation. All patients were followed until
December 31, 2020.

Our recent strategy of contralateral PPV

Regarding our contralateral PPV treatment strategy, con-
tralateral PPV was classified into Types 1 to 5 as shown
in Fig. 1; Type 1 and Type 2 do not have PPV, Type 3 has
moderate excavation with PPV, Type 4 has deep excavation
with PPV, and Type 5 has a large hernia sac beyond the outer
inguinal ring. Types 1 and 2 were followed up, and Types 3
to 5 received LPEC to prevent a contralateral onset.

Statistical analyses

Data on the age are presented as the mean =+ standard devia-
tion. Comparisons of several parameters between the two
groups were performed by Student’s 7-test and y? test. All
statistical analyses were performed using a statistical soft-
ware program (JMP 8.0.1.; SAS, Cary, NC, USA). A P value
of less than 0.05 was considered statistically significant.

Flat, B
Type 1 PPV (-)
I =»Observation
Type 2 Mild excavation, ]
yp PPV (-)
Type 3 Moderate excavation, .
yp PPV (+)
Deep excavation, |
Type 4 PPV (+) =» LPEC
Type 5 Large, hernia sac J

Fig.1 Our recent strategy of contralateral PPV
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contralateral inguinal hernia after LPEC

Among 1277 patients who underwent LPEC according to
our treatment strategy, 374 of 1134 macroscopic unilateral
cases were confirmed to have no contralateral PPV, while
5 experienced metachronous contralateral inguinal hernia
(Fig. 2). In addition, the metachronous contralateral inguinal
hernia incidence rate was 0.44% in macroscopic unilateral
cases and 1.34% in cases without contralateral PPV (Fig. 2).

Case series of pediatric metachronous contralateral
inguinal hernia after LPEC

A case of metachronous contralateral inguinal hernia after
LPEC is presented in Fig. 3. The contralateral inguinal ring

Children who underwent LPEC
(n=1277)
|
{ l
Unilateral hernia Bilateral hernia
(n=1134) (n=143)
\
! l
cPPV with type 1,2 cPPV with type 3-5
(n=374) (n=760)

l—‘—l

MCH (+) MCH (-)
(n=5) (n=369)

Fig.2 Patient selection flowchart regarding the 1277 patients who
underwent LPEC according to our treatment strategy

Case 1

1st surg.

Case 3

(9 years)

Fig.3 Case presentation of metachronous contralateral inguinal her-
nia after LPEC
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classification at the time of the first unilateral LPEC proce-
dure was type 1, and PPV was not observed, but metachro-
nous contralateral inguinal hernia was identified, as shown
in the right panel of Fig. 3.

Characteristics of pediatric metachronous
contralateral inguinal hernia after LPEC

Table 1 shows a summary of the five cases of metachronous
contralateral inguinal hernia after LPEC. In the MCH cases,
male sex, age <1 year old, left side at the first operation,
contralateral inguinal ring classification type 1 at the first
LPEC, and the presence of a low birth weight were often
observed.

Risk factors for pediatric metachronous
contralateral inguinal hernia after LPEC

To identify the risk factors for metachronous contralateral
inguinal hernia after LPEC, the 374 patients with type 1
or 2 initial contralateral PPV were divided into 2 groups:
5 patients with MCH and 369 patients without MCH. Val-
ues were then compared between these two groups (Fig. 2).
There were no marked differences in the gender, age, initial
side, or type of initial contralateral PPV; however, a signifi-
cant difference was noted between the groups in the rate of
low-birth-weight infants (Table 2).

The proportion of low-birth-weight infants was 6.1%
(23/374 cases), and the incidence of a contralateral onset
was 8.7% (2 cases) (Fig. 4a). Furthermore, the contralateral
inguinal ring classification at the first time was Type 1 in
240 cases (64.2%) and Type 2 in 134 cases (35.8%), with
the incidence of contralateral onset being 1.7% (4 cases) in
Type 1 and 0.7% (1 case) in Type 2 (Fig. 4b).

Discussion

More than 20 years have passed since LPEC was first imple-
mented for pediatric inguinal hernia [5], and in recent years
LPEC has become the standard surgery for pediatric inguinal
hernia [6-8]. Because unilateral LPEC allows for the obser-
vation of the contralateral side, both sides can be closed if
PPV is found on the contralateral side as well. Therefore, it
was initially considered that unilateral LPEC could prevent
a contralateral onset, which had been a problem with the
unilateral open method. However, although the number of
contralateral cases is lower with unilateral LPEC than with
the open method, contralateral cases do still occur with uni-
lateral LPEC [3], and we have experienced a few ourselves.

The contralateral incidence rate was reported to be
0.3-0.8% at other institutions [3, 4] and was similar at our
own institution (0.44%). The contralateral incidence in the
unilateral open method was reported to be around 7.0% [1,
2], and although we observed a significant decrease in the

Table 1 Characteristics

. Case Sex Age LBWI Initial side Type of initial ~ Time to MCH
of pediatric metachronous PPV
contralateral inguinal hernia
after unilateral LPEC 1 M 10 months Yes Left 1 3 years
2 M 7 years No Right 1 4 years
3 F 2 months Yes Left 1 8 years
4 M 1 year No Right 2 7 years
5 M 1 month No Left 1 11 months

LBWI low-birth-weight infant, cPPV contralateral patent processus vaginalis, MCH metachronous con-
tralateral inguinal hernia, LPEC laparoscopic percutaneous extraperitoneal closure

Table 2 Risk factors for pediatric metachronous contralateral inguinal hernia after LPEC

Factors MCH (+) MCH (-) P value
(n=5) (n=369)

Sex (M/F) 4/1 205/164 0.27

Age (years) 23+29 35+3.0 0.20

LBWI (Yes/No) 2/3 21/348 <0.01

Initial side (right/left) 2/3 210/159 0.45

Type of cPPV (1/2) 4/1 236/133 0.46

LBWI low-birth-weight infant, cPPV contralateral patent processus vaginalis, MCH metachronous contralateral inguinal hernia, LPEC laparo-

scopic percutaneous extraperitoneal closure
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Fig.4 a Proportion of low- a) b)
birth-weight infants with MCH
onset among 374 cases. b Ratio
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contralateral incidence after unilateral LPEC, it did not reach
0% in reality [3, 4, 9].

Hayashi et al. reported that inadequate observation of
the area around the contralateral internal inguinal ring dur-
ing unilateral LPEC, i.e., failure to identify the contralat-
eral PPV, is the cause of a contralateral onset after unilat-
eral LPEC [10]. In addition, Tam et al. also reported that a
careful search with grasping forceps around the contralat-
eral inguinal ring is important to ensure that cPPV is not
overlooked [11]. Watanabe et al. also reported that, in the
contralateral observation during unilateral LPEC, despite
the presence of cPPV, membranous structures, such as the
peritoneal veil often covered the cPPV and apparently closed
the hernia orifice. The action of this veil should prevent the
onset of inguinal hernia [12]. This veil flattens the internal
inguinal ring and blocks the abdominal contents from enter-
ing the hernia sac, and its existence might be unnoticed at
the initial LPEC procedure. Changes in the shape of the peri-
toneal veil on the internal inguinal ring after the initial sur-
gery can occur the patency of the hernia orifice and develop
the indirect inguinal hernia and contralateral development
may take several years after the initial surgery to complete,
as it takes time for the shape of the veil to change. We have
also experienced peritoneal veil on the contralateral inter-
nal inguinal ring during LPEC. Based on our experience,
we believe that there is no bias in our LPEC procedure due
to differences in observing surgeons, nor is there any PPV
oversight, as the same skilled surgeon carefully and meticu-
lously observes the area around the contralateral internal
inguinal ring, including checking the peritoneal veil using
forceps, and performs contralateral LPEC when there is a
PPV of Type >3 according to our internal inguinal ring mor-
phology classification.

@ Springer

However, even in the present cases, wherein contralateral
PPV was completely ruled out, we experienced contralateral
onset after unilateral LPEC. The contralateral internal ingui-
nal ring, which was confirmed laparoscopically to be free of
contralateral PPV at the time of the first unilateral LPEC,
was found to have a new indirect inguinal hernia without
PPV at the time of the second LPEC for contralateral onset.
As mentioned above, this contralateral onset might have
been de novo inguinal hernia, as overlooking of cPPV by
the peritoneal veil was denied, and the congenitally closed
processus vaginalis is unlikely to be reopened in an acquired
fashion. Although pediatric inguinal hernia has been con-
sidered to be caused by congenital PPV, our surgical find-
ings suggest the possibility of an acquired de novo inguinal
hernia onset, which is very interesting from the viewpoint
of the pathogenesis of pediatric inguinal hernia.

In our study, we examined the risk factors for the con-
tralateral onset after unilateral LPEC, and a low birth weight
was identified. Miyake et al. also examined such risk factors,
but they were unable to identify any [13]. However, that
report did not consider low-birth-weight infants as a risk
factor for contralateral onset. Furthermore, in our study, over
8% of low-birth-weight infants developed MCH after unilat-
eral LPEC, but the incidence of MCH after unilateral open
method for low-birth-weight infants is likely to be higher
than that after LPEC. In the literature, the contralateral
incidence after performing the open method for low-birth-
weight infants was reported to be 11-14.3% [14, 15]. Pini
Prato et al. reported that the incidence of MCH after the
open method was 28% if limited to low-birth-weight infants
with a birth weight <1500 g [16]. In addition, Marulaiah
et al. reported that the contralateral incidence after per-
forming the open method was 10.3% in low-birth-weight
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infants and 5.9% in normal-birth-weight infants, indicating
that low-birth-weight infants tended to have a higher inci-
dence of contralateral onset after open method than their
normal-weight counterparts [17]. In summary, the incidence
of contralateral incidence after open method for low-birth-
weight infants reportedly ranges from 10 to 28%, which is
still higher than our results concerning the incidence of con-
tralateral onset after LPEC among low-birth-weight infants.
These findings seem to support our results.

However, if MCH is de novo, the postoperative recur-
rence after LPEC is likely to be higher than with the open
method. Furthermore, especially in low-birth-weight infants,
postoperative recurrence is expected to be extremely high.
In fact, there was not only a report that the postoperative
recurrence rate after LPEC in normal-birth-weight infants
was significantly higher (0.21%) than after the open method
(0.04%) [18] but also a report that the postoperative recur-
rence rate after LPEC in low-birth-weight infants was 5.9%
[19]. The postoperative recurrence rate after LPEC in low-
birth-weight infants was considerably higher than that after
both LPEC and the open method in normal-birth-weight
infants. These findings seem to support our proposal.

Although the causal relationship between low-birth-
weight infants and a de novo onset is not clear, it may involve
the immaturity and fragility of the abdominal wall muscle
tissue that is peculiar to low-birth-weight infants, in addition
to the natural anatomical weakness of the internal inguinal
ring [20]. However, if this is the case, the question arises as
to whether the surgical technique for managing contralat-
eral onset should be simply high ligation with LPEC or if
reinforcement of the abdominal wall should be added. Since
a low birth weight was found to be a risk factor in this ret-
rospective study, we performed high ligation with LPEC,
which is the standard surgical technique for pediatric indi-
rect inguinal hernia, in the five cases of contralateral onset
after unilateral LPEC that we experienced. No recurrence
has been observed in any of the patients so far. However, we
will continue to follow the patients in the future.

Although a low birth weight was the only predictor of
MCH in this study, focusing on the age at the initial sur-
gery, three out of five patients with MCH were under one
year old and did not walk daily. Because “walking is the
cause of inguinal hernia” is an anatomical theory based on
chronic pressure on the inguinal region, the 374 patients
without cPPV were divided into those <1 year old who
had not yet started walking (89 cases) and those > 1 year
old who were already walking (285 cases). The compari-
son between these two groups showed that the incidence
of MCH was 3.4% (3 cases) in the group <1 year old and
0.7% (2 cases) in the group > 1 year old, and the incidence
of MCH in the group < 1 year old tended to be higher than
that in the group > 1 year old (P=0.09). In these cases, con-
tralateral congenital PPV was denied at the time of the first

unilateral LPEC when subjects were not yet walking, but
contralateral onset occurred from the structurally vulnerable
internal inguinal ring in patients who had started walking,
except for in one case. As a result, morphological changes in
the internal inguinal ring that did not depend on congenital
PPV after starting walking, i.e., de novo inguinal hernia,
were suspected.

In contrast, in our contralateral exploration, in addition
to the above-mentioned prevention of cPPV overlooking,
pressure was applied on and around the contralateral internal
inguinal ring from both inside and outside the abdominal
cavity during unilateral LPEC to evaluate the strength of the
contralateral inguinal region. Specifically, from the inside of
the abdominal cavity, the strength of the inguinal region in
and around the area of the internal inguinal ring was evalu-
ated using forceps. From outside of the abdominal cavity,
the strength of the abdominal wall on the contralateral side
was evaluated by not only applying pressure to the intra-
abdominal cavity but also pulling the scrotum to confirm
the morphological change around the internal inguinal ring.
However, it was sometimes difficult to assess the strength of
the abdominal wall in younger patients [13]. In fact, because
three of the five patients who developed MCH in this study
were < 1 year old, the evaluation of the abdominal wall may
have been insufficient. Morphological changes in the internal
inguinal ring independent of congenital PPV after or due to
the start of walking and an insufficient assessment for the
strength of abdominal wall in the inguinal region due to
the relatively young age might have at least partially caused
the frequent contralateral onset after unilateral LPEC when
the age at the time of initial LPEC was less than one year
old, but it was suggested that the contralateral onset after
unilateral LPEC might be de novo inguinal hernia. How-
ever, our study involves a definite limitation aside from that
mentioned above. Since the number of surgeries performed
on low-birth-weight infants was small in our case series,
we may not be able to conclude that there was a significant
difference. In the future, it will be necessary to accumulate
more cases of LPEC among low-birth-weight infants.

In the contralateral internal inguinal ring classification
that we use, Type >3 (type 3 to 5) cases with PPV are sub-
ject to contralateral LPEC, while Type 2 cases with only
mild excavation in the internal inguinal ring without PPV
and Type 1 cases with a flat internal inguinal ring are not
subjected to LPEC, instead receiving follow-up. We consid-
ered the possibility that intra-abdominal pressure might be
applied to cases of mild excavation, resulting in contralateral
onset (development of acquired de novo inguinal hernia).
Indeed, at the beginning of the analysis, we expected that
Type 2 cases with mild excavation would be more common
among cases of contralateral onset. However, there was no
significant difference in the contralateral internal inguinal
ring morphological classification, and Type 1 cases with
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a flat internal inguinal ring were actually more common.
For Type 1 cases with a flat contralateral internal inguinal
ring, there is no way to prevent contralateral onset, but for
Type 2 cases with mild excavation, we are currently conduct-
ing a trial to flatten the mild excavation by cauterizing the
peritoneum at the bottom of the excavation of the internal
inguinal ring with electrocautery, taking care not to damage
the vas deferens or testicular vessels, and thereby prevent the
contralateral onset after unilateral LPEC. Trials have been
started since 2020, and we are currently accumulating cases
as well as conducting follow-up studies.

In conclusion, the risk factor of contralateral onset after
LPEC for pediatric inguinal hernia was low-birth-weight
infants. Therefore, for the above-mentioned unilateral LPEC
cases, the possibility of a contralateral onset after LPEC due
to acquired factors rather than congenital factors should be
considered.
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