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ABSTRACT

Objective: Laparoscopic inguinal hernia repair in younger infants has not been completely accepted worldwide. The aim of this study was to evaluate
the safety and feasiblity of laparoscopic percutaneous internal ring suturing method in children aged younger than 3 months and compare the recur-
rence and complication rates with open repair; which may still be mentioned as the gold standard procedure.

Material and Methods: A total of 387 children underwent inguinal hernia repair in the clinic between 2016 and 2019. One hundred and forty of them
were under 3 months old and divided into two groups; children who underwent laparoscopic percutaneous internal ring suturing (Group 1) and open
surgery (Group 2). Selection of the surgical method was regardless of weight, sex or any patient characteristics other than surgeon’s choice. Operation
durations, complications and recurrences were compared between the two groups.

Results: A total of 140 patients underwent surgery due to inguinal hernia. Group 1 included 85 and Group 2 included 55 children. There were two
recurrences in each group (p> 0.05). Operative durations were shorter in Group 1 for both; unilateral and bilateral repairs (p< 0.0001). There were no
intraoperative complications in any group. There was one major postoperative complication in Group 2: iatrogenic undescended testis, and none was
observed in Group 1. In the laparoscopic group, 47% of the children who were diagnosed to have unilateral hernia were revealed to have bilateral
inguinal hernias (n=31).

Conclusion: Laparoscopic percutaneous internal ring suturing method seems favourable in terms of operative time. It also has the advantage of de-
tecting contralateral patent processus vaginalis or asymptomatic contralateral inguinal hernia.
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INTRODUCTION

Inguinal hernia (IH) is one of the most common conditions which requires surgical
intervention among children (1). The gold standard procedure has been open ap-
proach for years. Laparoscopic inguinal hernia repair has gained popularity recently
but not totally accepted worldwide due to concerns as increased recurrence and
complication risks, anaesthetic considerations and engaging the peritoneum. Its
usage in younger infants and newborns have been under an even greater debate
(2-4).
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Two of the authors have preferred laparoscopic percutaneous internal ring sutur-
ing (PIRS) method regardless of age, weight or sex of children since 2016 among
variable laparoscopic approaches. The reasons are ability to complete the proce-
dure with only one transumbilical trochar, excellent cosmetic results, comparable
complication and recurrence rates with open approach and not dealing with the
cord and the vessels.
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Even though open approach has been performed for many years, recurrence is still
a concern; even a bigger one in newborns or younger infants (2,5). Open IH repair
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in small children is a technically demanding procedure which brings the increased
risk of complications such as testicular atrophy in addition to recurrence (4,6). The
studies with big data sets refer comparable results in terms of recurrence of open
and laparoscopic IH repairs (7). Also, the fact that newborns have a higher possi-
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bility to have bilateral hernia may render laparoscopic approach
reasonable since laparoscopy through the hernia sac may rarely
be possible due to the fragile and thin sac of newborns.

The aim of this study was to evaluate the safety and feasiblity of
laparoscopic PIRS method in children younger than 3 months
and compare the recurrence and complication rates with open
repair; which may still be mentioned as the gold standard pro-
cedure.

MATERIAL and METHODS

The study was performed in adherence to Declaration of Helsin-
ki. Written informed consent was obtained from all participants’
parents. Institutional review board and local ethical committee
approval was granted. A total of 387 children underwent ingui-
nal hernia repair in our clinic between 2016 and 2019. Among
these children, 140 of them were under 3 months old. Patients
younger than 3 months were divided into two groups; children
who underwent laparoscopic PIRS (Group 1) and open surgery
(Group 2). Laparoscopic PIRS was performed by two surgeons
and open repair was performed by the other two. Patient selec-
tion was regardless of weight, sex or any patient characteristics
other than comorbidities that may be a contraindication to lap-
aroscopic surgery which we have not encountered in our series.
Exclusion criterias were; age older than 3 months, presence of
co-morbidities which were regarded as a contraindication for
laparoscopy, and patients with a previous inguinal surgery.

Surgical Technique

Laparoscopic PIRS method: The patient was placed in supine
position under general anesthesia. Preference of endotracheal
intubation or laryngeal mask ventilation was at the discretion of
the anaesthesiologist. Following local anesthesia with lidocaine,
5mm umbilical trocar was placed by an open technique. Intraab-
dominal pressure was set between 6-8 mm CO, according to
child’s weight and age. A 5mm telescope with 30° angle was
preferred. A 2 mm incision was made to the skin at the level of
inguinal ring after inspection and a 22G angiocath needle was
used to access preperitoneal space. A 3/0 or 4/0 non-absorb-
able monofilament suture was passed inside the needle to form
a loop for ligation. Lateral-superior corner of the inguinal ring
was the starting point and first half-round was created dissect-
ing the peritoneum and encircling the internal ring including
the peritoneum over the vas deferens and the spermatic vessels.
Once the peritoneum over the vas deferens was dissected and
passed, the loop was pushed into the peritoneal cavity and an-
other suture starting from the same point but travelling count-
er-clockwise direction around the internal ring meeting with the
first suture was introduced. The second needle and suture were
also pushed in to the peritoneal cavity and, first needle and su-
ture within is caught by the loop of the second suture. Then the
first needle was withdrawn leaving its suture caught in the loop
the second suture and first suture is taken out by the help of the
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second suture. Finally, the suture encircling the internal ring was
tied outside, leaving the knot in the extraperitoneal space.

Open Technique: The patientis were placed in supine position,
and external ring was exposed by dissecting medially along the
Poupart's ligament by a standard inguinal transverse incision.
The hernia sac was separated from the testicular vessels and
vas deferens by using fine tissue forceps, and the hernia sac was
dissected until the preperitoneal fat tissue was exposed. After
confirming the absence of any sliding organs, the hernia sac was
twisted and double suture-ligated with 3/0 or 4/0 absorbable
suture. Fascia and other layers were closed with absorbable su-
tures.

Statistical Analysis

Statistical evaluation was conducted on SPSS for Windows 11.5
(Chicago, IL). Categorical variables between the groups were
compared by Chi Square test, normally distributed nominal vari-
ables were compared with independent t-test, non normally dis-
tributed variables were compared with Mann-Whitney U test. p
value was set as <0.05 as a statistical significance indicator.

RESULTS

Laparoscopic PIRS procedure was performed in 85 children and
open repair in 55. Male to female ratio of the study group was 5
(117 males and 23 females). Mean age of the children was 53 days
(range; 14-90 days) and mean weight was 4.3 kg (3-5.4). Detailed
data on patient characteristics is given in Table 1. The preference
of the surgical method was at the discretion of the surgeons; one
team performed laparoscopic surgery and the other preferred
open approach regardless of patient characteristics unless refused
by the parents or contraindicated due to co-morbidites.

Although the rate of bilaterality was found lower on preoperative
evaluation (28/140; 20%), the rate was increased to 42% (59/140)
due to incidental repair of contralateral patent processus vaginalis
(cPPV) in the laparoscopy group. In one patient with incarcerated
hernia, the procedure was converted to open to perform resec-
tion of the necrotic intestines (Conversion rate: 1/85; 1%).

DISCUSSION

Laparoscopic IH repair in children has gained worldwide popu-
larity recently. One of the most popular laparoscopic techniques
in children is PIRS, described by Patkowski et al., which was ac-
cepted and underwent many modifications by many others
(4,8). Despite the popularity of this method, open surgery is still
the first choice in many centers. Laparoscopic repair has evolved
significantly with many modifications, and results are compara-
ble to each other without demonstrating any significant advan-
tage (4,8-14).

Although there are studies on laparoscopic IH repair in younger
infants and neonates, very few performed percutaneous tech-
niques (2-4,6,15-17). Zenitani et al. have reported comparable re-
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Table 1. Patient Characteristics and Operative Data
Group 1 (Laparoscopic PIRS) Group 2 (Open repair) P
N 85 55
Male/Female 73/12 44/11
Side Preoperative: Postoperative:
Right: 42 Right: 22 Right: 30
Left: 24 Left: 13 Left: 16
Bilateral: 19 Bilateral: 50 Bilateral: 9
Intraoperative complication None None
Intraoperative finding Amyand'’s hernia (n=1) Amyand's hernia (n=1)
Ischemic intestine (n=1)
Operative time
Unilateral Mean: 24 + 4.14 minutes (17-34) Mean: 42 + 5.27 minutes (35-58) p< 0.0001
Bilateral Mean: 33 + 3.70 minutes (29-44) Mean: 65 + 8.55 minutes (51-79) p< 0.0001
Conversion to open surgery n=1 (necrotic intestines) -
Major postoperative complications n=0 n=1
iatrogenic undescended testis
Recurrence n=2 (1 and 11 months after the surgery) n=2 (1 week and 3 months after the surgery) p> 0.05
(both repaired laparoscopically) (both repaired laparoscopically)

sults with open surgery in terms of safety and efficacy in infants
younger than 6 months in their series of 120 patients and re-
duced incidence of metachronous contralateral inguinal hernia
(MCIH) (16). They have reported the recurrence rate as 0.83% (n=
1/120) without any major complications. Patkowski et al. have
stated no recurrences and only one minor intraoperative com-
plication in their study with 25 infants (15). Shibuya et al. have
presented their study on percutaneous IH repair in extremely
low birth weight infants with 17 children versus 22 who under-
went open surgery and showed one recurrence (5.9%) and one
postoperative vomiting during postoperative period which may
be attributed to general anaesthesia (17). Our study with 85 chil-
dren under 3 months of age revealed a recurrence rate of 2.3%.
Studies on other laparoscopic IH repair methods in younger
infants and newborns present recurrence rates between 1-4%
(1-4,6,18). Considering the fact that IH repair in newborns and
infants has higher recurrence risk, our results seem comparable
with the literature but tend to be higher than the mentioned
studies on percutaneous method (0.83%, 0%, 5.9% and 2.3%
respectively). When we compared the results with the open
group, the recurrence rates were not statistically significant (p=
0.65). Even though low weight, prematurity and young age are
considered as predisposing risk factors for recurrence, Choi et al.
have revealed the opposite and found higher recurrence rates in
older children (4% vs. 1%) (1). The recurrence rates were not sta-
tistically significant but they attributed it to the relatively small
sample size.

Open herniorrhaphy is a technically challenging procedure, es-
pecially in small male infants due to fragile and thin hernia sac

and vulnerable vas deferens with puny vessels. Very high per-
centage of complications and recurrences after IH repair have
been reported either by open or laparoscopic approach in male
patients (19, 20). Miyake et al. have reported 9 recurrences in to-
tal of 2067 children and all of the children who suffered from
recurrence were boys and Amano et al. have presented only
6 recurrences in 2028 cases and only one of them was a girl
(19,20). Very thin and fragile hernia sac and delicate dissection
of vas deferens and vessels from the sac may be very difficult
and challenging. In a study, vas deferens or epididymis has been
found in 0.53% of excised hernia sacs (21). Also, as neonates and
younger infants are more prone to incarceration, surgery may
become more complicated and troublesome due to edematous
and fragile peritoneum (16). All of these factors contribute to the
increased risk of complications such as iatrogenic undescended
testis and testicular atrophy secondary to a complicated surgery
which is already technically demanding (6,21,22). Recurrence
rates of open surgery have been reported between 0.8-3.8% in
younger infants (23). On the other hand, since no dissection is
needed in the PIRS procedure; it may be safer and easier in chil-
dren with history of incarcerated inguinal hernia. In the present
series, there were not any major postoperative complications
such as testicular atrophy or morbidity that required additional
surgeries such as hydrocele, ascended or atrophic testis in the
laparoscopic PIRS group. In the open surgery group, one child
suffered from iatrogenic undescended testis and underwent
additional surgery at one year of age (1.8%). Standard inguinal
orchiopexy was performed and no sign of testicular atrophy was
recorded after 6 months of follow up. Regarding complications,
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open surgery seems to have higher possibility of major compli-
cations despite total complication possibility seems similar (24).
Complications such as iatrogenic undescended testis, testicular
atrophy and bladder rupture have been reported (19,24,25).

There was one case in the study which required conversion to
open surgery. This was a two-month-old boy and he was pre-
sented with incarcerated hernia. Incarcerated segment was
reducted under laparoscopic vision but the intestines seemed
ischemic and laparotomy was performed to evaluate the in-
testines. Affected segment was evaluated to be necrotic and
resected. In an 18-day-old boy with incarcerated hernia, appen-
dix was found in the hernia sac with significant adhesions to
the right inguinal canal. After laparoscopic reduction and ex-
cision of appendix, IH repair was decided not to be performed
because of the inflammated area. After one week, laparoscopic
PIRS was performed without incidence.

Another clear advantage of laparoscopic IH repair is the avail-
ability to evaluate both inguinal canals properly. It allows con-
tralateral repair of IH or PPV simultaneously. Although transin-
guinal laparoscopic exploration of the contralateral inguinal
canal is an option in open surgery, it may not always be possible
in infants whose hernia sac may be fragile and very thin. Due
to technical difficulties and/or thin/ fragile hernia sac, it may
be difficult to perform even in older children (26). As Endo et
al. have stated, even if transinguinal exploration is performed
successfully, cPPV rates may be different in transinguinal ex-
ploration and laparoscopic exploration due to the technical
difficulties (23). They have presented a 21.6% contralateral PPV
incidence in transinguinal exploration and 47% in laparoscopic
surgery while Gollu et al. have stated a similar 28.3% positivity
in transinguinal exploration (23,26). In our series, the rate was
47% (31/66); exactly the same as in the series of Endo et al.
Considering the more common bilaterality in infants and new-
borns and challenges of performing transinguinal contralateral
exploration, the advantages of laparoscopy may become more
prominent. In our institution, neither contralateral transinguinal
exploration nor open exploration of the other side is a standard
approach. So, asymptomatic contralateral hernias or PPVs of
children who undergo open surgery remain undetected until
they become symptomatic. This situation may lead to the bur-
den of another surgery; to the family, hospital and the child,
and the results of laparoscopic PIRS group shows that 47% of
children with preoperative diagnosis of unilateral hernia have
undergone bilateral hernia repair. Other studies on laparoscop-
ic IH repair in small infants have also shown nearly similar rates
(20-61%) (1,6,16). Studies with no age limitation shows rates be-
tween 17-43% (27). By the laparoscopic approach, it seems pos-
sible to reduce the possibility of MCIH and reoperation of the
children, which comes along with extra anesthesia exposure of
the child, additional anxiety of the parents and increased risks of
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possible morbidities (27). Amano et al. have stated that regard-
ing their 40% cPPV rate, the open group may be expected to
develop contralateral hernia in same rate but only 12% of these
open group developed MCIH (20). The repair of cPPV remains
controversial regarding this data. However, the authors think
that since PIRS is a minimally invasive method with very low
testicular atrophy and major complication risks, it may be sug-
gested to perform a prophylactic cPPV repair. Another debate
on laparoscopic methods is about the costs. Laparoscopy may
seem more expensive than open approach but it is not consid-
ering the possibility of a reoperation due to development of a
clinically significant inguinal hernia. In addition, usage of reus-
able materials as we do may help to decrease costs.

Recurrence is a major problem of IH repair in young infants. Us-
ing non absorbable sutures and giving extra caution to medial
aspect of inguinal ring may help to prevent recurrences, espe-
cially in male infants (4,6,18). In the laparoscopic group, there
were two recurrences, and reoperation revealed that the peri-
toneum at the medial side of the inguinal canal was ripped and
it led to loosen the entire suture. Although recurrent hernias of
the open group were observed to have occured in the medial
side too, lateral side of these defects were closed and smaller
gaps were observed. The repair of these recurrent hernias tech-
nically were not more difficult than a primary operation as it
would be expected the opposite in open repair. Thus, laparo-
scopic surgery of recurrent inguinal hernias also seems easier
than the open approach.

Waiting the child to grow is another controversy in neonatal
IH repair (28). Complication and recurrence risks are higher in
young infants as well as the incarceration rates (3,28). Thus, many
surgeons do not follow children with inguinal hernia more than
2 weeks or until the children reach acceptable weight as long as
they do not have major comorbidities (2,29). Laparoscopic re-
pair with 3 ports has been found to be safe and feasible in these
children (2-4,6). However, considering the small body size, elas-
ticity of the abdominal wall and small intra-abdominal space,
intracorporeal suturing in these children is also technically de-
manding. PIRS method seems to be a technically easier method
with comparable outcomes (15,16). Another advantage of PIRS
is relatively less violation of the abdominal wall integrity since
only one trochar is introduced.

In the present study, mean operative durations were found
significantly shorter in laparoscopic PIRS group than the open
group for both unilateral and bilateral hernias (24 vs. 42 and 33
vs. 65 mins respectively, p< 0.0001). In previous studies, lapa-
roscopic IH repair has been reported to last generally longer
or equal with open surgery (19,20). Intraperitoneal techniques
requiring intracorporeal suturing, 3 port procedures and some
newly introduced techniques might be responsible for these
longer durations (30-33). The present study may indicate that



laparoscopic PIRS method may be superior to open approach in
terms of operative times. The authors believe that this may be a
result of the simplicity of the technique and extraperitoneal clo-
sure of inguinal canal without additional instrumentation other
than a needle and increased bilaterality in the smaller infants.
Because it is possible to repair bilateral hernias in the same set-
ting in laparoscopic surgery while open surgery requires two
different incisions and two seperate operations from beginning
to the end. Reduced anaesthetical times are especially import-
ant for younger infants. Also, we did not observe any anaesthet-
ical challenge which might be a result of an experienced team
and short operative times.

Another concern which is very difficult to clarify in laparoscopic
surgery is whether the position of the cord is changed or not.
Kinking, distortion, angulation or some other malposition of
the cord may be catastrophic for the patient, and it may not be
easily recognized intraoperatively. Li et al. have evaluated the
position of the cord and testicular blood flow in their study and
found that neither the position of the cord nor the testicular
blood flow was seemed to be affected in percutaneous IH re-
pair (34).

There are some limitations of the study. First, the study is ret-
rospective and selection bias can not be ignored. But all op-
erations were performed by four surgeons and two of them
performed laparoscopic surgery to all of their patients and the
other two performed open surgery regardless of age and sex.
This natural division may bring a relative randomization to the
study even though it is not a randomized controlled study. Rel-
atively small number of patients with short follow up time are
other limitations. Since all recurrences and morbidities due to
the operations tend to present within the postoperative first
year, we think that the data may be reliable in terms of recur-
rences and postoperative complications. Absence of data on
prematurity and birth weight and the missing data on devel-
opment of MCIH after open surgery are the major limitations of
the present study.

CONCLUSION

Laparoscopic PIRS method seems favourable in terms of oper-
ative time and detecting cPPVor asymptomatic contralateral IH
in children under 3 months of age. Recurrence rates are com-
parable with open surgery without any major complications.
Concerning MCIH in children, prospective randomized con-
trolled studies with long follow up, especially for young infants
and newborns, are necessary. Another missing data on laparo-
scopic IH repair by any method is its effects on the reproductive
system. Even though it seems safer, it is a well known fact that
open inguinal surgery is one of the most common reasons of
male infertility (23). Thus, from now on, we should emphasise
on the effects of laparoscopic IH repair on male reproductive
system by designing long term prospective studies.
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3 aydan kiiciik bebeklerde laparoskopik perkiitan i¢ halka dikisi yontemiyle acik inguinal
herni onariminin karsilastiriimasi
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OZET

Giris ve Amag: Klclik bebeklerde laparoskopik inguinal herni onarimi diinya capinda tam olarak kabul gérmemistir. Bu calismanin amaci, 3 aydan
kiclk cocuklarda laparoskopik perkiitan i¢ halka stituru yonteminin givenilirligini ve uygulanabilirligini degerlendirmek ve halen altin standart
prosediir olarak kabul edilen acik onarim ile rekirrens ve komplikasyon oranlarini karsilagtirmaktir.

Gereg ve Yontem: Klinikte 2016-2019 yillari arasinda toplam 387 ¢cocuga inguinal herni onarimi yapildi. Bunlarin 140"t 3 ayliktan kiictiktii ve bu
hastalar iki gruba ayrildi; laparoskopik perkiitan i¢ halka sturu (Grup 1) ve acik cerrahi (Grup 2) yapildi. Cerrahi ydontemin se¢imi, cerrahin rutinde
kullanmakta oldugu yontem disindaki agirlik, cinsiyet veya herhangi bir hasta 6zelliginden bagimsiz olarak yapildi. Operasyon sureleri, kompli-
kasyonlar ve rekiirrensler iki grup arasinda karsilastirild.

Bulgular: Toplam 140 hasta, kasik fitigi nedeniyle ameliyat edildi. Grup 1'de 85 ve Grup 2'de 55 cocugu bulunmaktaydi. Her grupta iki rekurrens
saptandi (p> 0,05). Grup 1'de tek tarafl ve cift tarafli onarimlarin her ikisi icin de ameliyat siireleri daha kisaydi (p< 0,0001). iki grupta da intraope-
ratif komplikasyon goérilmedi. Grup 2'de bir major postoperatif komplikasyon goruldi; iyatrojenik inmemis testis, Grup 1'de postoperatif major
komplikasyon gorulmedi. Laparoskopik grupta tek tarafli fitik tanisi alan ¢ocuklarin % 47'sinde bilateral kasik fitigi (n=31) oldugu saptandi.

Sonug: Laparoskopik perkitan internal ring stitur ydontemi ameliyat siiresi agisindan uygun bir yontem olarak gériinmektedir. Ayrica kontralateral
patent prosessus vaginalis veya asemptomatik kontralateral inguinal herninin es zamanli tespit edilmesi avantajini tasimaktadir.
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