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Abstract

Background: Inguinal hernia repair is a common operation performed in children. In
Australia, open repair (OR) continues to be the preferred method of treatment in infants,
despite laparoscopic repair (LR) gaining popularity amongst some international centres. Our
aim was to analyse initial outcomes with LR at our paediatric centre.
Methods: We conducted a retrospective review of all patients <1 year of age who received
LR or OR between January 2017 and July 2021 at our institution. Data were retrieved from
both electronic and scanned medical records. Data were analysed using an unpaired t-test,
Mann–Whitney test, Fisher’s exact test or simple linear regression. A P-value <0.05 was
considered significant.
Results: A total of 376 patients were identified: LR was performed in 73 patients, and OR
in 303 patients. Bilateral repair was more common amongst patients receiving LR: 56.2%
versus 21.5%, P = 0.0001, treating either a symptomatic hernia or an intra-operative contra-
lateral inguinal defect (70%). All LR patients received general anaesthetic, compared to
82.8% of patients in the OR group, P = 0.0001. There were no recurrences following LR
and 3 with OR (P = 1.0). The metachronous contralateral inguinal hernia rate following OR
was 10% (21/206). There was no significant difference in other complications, including
wound infection, haematoma, testicular atrophy, and hydrocele formation.
Conclusion: In our population OR was performed more often than LR. Operative compli-
cation rates were equivalent between OR and LR groups. However, infants that underwent
OR were significantly more likely to develop a MCIH.
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Introduction

Inguinal hernia repair is a common operation performed in chil-
dren.1,2 Between 0.8% and 5% of infants born at term, and up to
30% of preterm infants are diagnosed with inguinal hernias annu-
ally.1,2 In infants, operative treatment of an inguinal hernia is typi-
cally performed as soon as possible after diagnosis to decrease the
risk of incarceration of bowel, testis, or ovary and related morbid-
ity. Risk of incarceration is highest in the <1 year age group and
has been reported in 3%–16% of cases.2,3

In Australia, open repair (OR) continues to be the preferred
method of treatment for infants <1 year of age despite laparoscopic
repair (LR) gaining popularity amongst some international centres.
Between the years 2000–2015, the rate of LR in Australian infants
<1 year of age only increased by 0.01 per 100 000.4 By compari-
son, in the United States the rate of LR performed in children and
infants has increased steadily from 2.7% to 15% since 2009.5 Fur-
ther, in Korean children, a population-based analysis demonstrated
an increase from 0.07% to 28.6% of hernias being repaired lap-
aroscopically by 2015.6

Known complications of hernia repairs include recurrence of the
hernia, testicular atrophy, ascending testis, hydrocele formation and
wound infection.7 Furthermore, the development of a metachronous
contralateral inguinal hernia (MCIH) remains a concern following
OR, especially in premature babies. The traditional OR technique is
performed in infants with high success and low postoperative com-
plication rates.7 Further, the ability to conduct the operation under
regional spinal anaesthetic is often cited as a benefit of OR.8 Alter-
natively, proponents of LR, describe merits such as reduced tissue
trauma to the inguinal canal structures, and assessment of the con-
tralateral internal inguinal ring.7 The International Paediatric Endo-
scopic Group (IPEG) guidelines found that the LR was faster for
bilateral hernia repairs.7 Postoperative complication rates (where
complications included hydrocele, scrotal oedema, erythema, testic-
ular atrophy and iatrogenic ascending testis) were also found to be
lower in LR than OR, and recurrence rates were similar between
the two techniques.7

With the recent introduction of LR at our tertiary paediatric sur-
gical centre, we aimed to investigate our clinical outcomes from
this operation and compare them to a parallel group who underwent
OR. We hypothesised that the outcomes would be equivalent
between the LR and OR groups.

Methods

Study design

We conducted a retrospective review of all patients <1 year of age
who underwent a surgical repair of an inguinal hernia, by either LR
or OR technique, between January 2017 and July 2021 at our insti-
tution. This study period was selected as LR was first performed in
January of 2017, and data collection was conducted in July 2021.

Eligible infants were determined with the use of Medicare Bene-
fits Schedule (MBS) codes (30 612, 60 609, 44 108 and 44 111),
including both emergency and elective procedures.

Pre-determined clinical outcome measures were identified and
extracted from the institution’s scanned and electronic medical

records databases. These data were retrieved from the patients’
operation reports, anaesthetic chart, inpatient progress notes, or
documented outpatient encounters b. For most infants, data were
collected from the inpatient admission, during which they had their
operation, and from their scheduled outpatient clinic encounter 4–
6 weeks following the operation. If infants presented to hospital
again following their initial outpatient encounter with any compli-
cations relating to their hernia repair, these data were also collected.

Outcome measures

Patient demographics including age, sex, gestation and weight were
collected. Our two primary outcomes of interest were MCIH and
the rate of hernia recurrence in the OR and LR groups. In infants
who received LR, the number of contralateral open internal inguinal
rings (COIR) which were repaired on the clinically
asymptomatic side were documented. We considered the internal
inguinal ring to be open if the distal end of 3 mm Kelly forceps
could be introduced at least once centimetre into the defect.9 Other
known complications of inguinal hernia repairs were evaluated in
our study, including wound infection requiring treatment with anti-
biotics, hydrocele, and testicular atrophy.

Further parameters such as history of hernia incarceration, opera-
tive time and method of anaesthesia were also collected.

Surgical technique

The same surgical technique for LR was used by both surgeons per-
forming LR at our institution (MP and RN). An open technique for
the insertion of an infra-umbilical 5 mm Hassan port was utilized
for the insertion of a Storz 5 mm 30olaparoscope. Lateral abdomi-
nal stab incisions of <3 mm were used for the insertion of the lapa-
roscopic 3 mm needle holder and Maryland forceps. A 4/0 Prolene
(PROLENE® Polypropylene Suture, Ethicon Inc., Somerville, NJ,
USA) suture was used as a purse string to completely close the
inguinal canal with intrabdominal knotting. Closure was tested by
the non-passage of pneumo-scrotal gas back into the peritoneum.
The vas and vessels were preserved under direct visualization.

The standard open inguinal herniotomy technique was performed
via an inguinal groin crease incision in the OR group. The external
oblique aponeurosis was opened to allow high transfixion of the
hernia sac with Vicyrl™.

Anaesthetic technique

Patients undergoing LR all received general anaesthesia with an
endotracheal tube and controlled ventilation. Analgesia was pro-
vided by a combination of infiltration of local anaesthetic to port
sites, and systemic opioids.

Most patients undergoing OR received general anaesthesia with
either an endotracheal tube or laryngeal mask. Analgesia was pro-
vided using a regional technique (caudal block) or local anaesthetic
infiltration during surgery. A smaller proportion of patients under-
going OR received awake spinal anaesthesia.
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Statistical analysis

Statistical analysis was performed with the software Prism 9 (Gra-
phPad Prism version 9.0, GraphPad Software, La Jolla, CA, USA).
Data are presented as percentage of cases or mean (SD). Categori-
cal data were analysed using Fisher’s exact test and continuous data
were analysed using an unpaired t-test, or Mann–Whitney test for
non-parametric data. Simple linear regression was used to deter-
mine correlation between date of operation and operating time
in the laparoscopic group. A P-value <0.05 was considered
significant.

Human research ethics committee

This study was approved by the institutional Human Research
Ethics Committee (REF: QA/67741/MonH-2020-233 871) prior to
commencement.

Results

Patient demographics

A total of 376 infants underwent either LR or OR during the study
period (Table 1). There were 73 infants in the LR group and 303 in
the OR group. The two groups were comparable for age at the time
of operation (P = 0.9), the mean age being 2.6 months in the LR
group and 2.5 months in the open group. In both groups, 75% of
infants who required hernia repairs were born pre-term. The mean
birth weight was 2182 g in the LR group and 2531 g in the OR
group (P = 0.5). The median weight of infants in the LR group at
the time of operation was 4500 g as compared to 4400 g in the OR
group (P = 0.6).

The patients were followed up for a median of 39.2 months
(range: 0.25–54 months). A total of 58 infants in the LR group and
226 infants in the OR group presented for their outpatient follow
up or re-presented to hospital after their operation. Complications
detected within this cohort are summarized in Table 2. No infants
in the LR group developed a MCIH, compared to 10% in the OR
group (P = 0.01). Similarly, no infants in the LR group developed
a recurrent hernia, compared to 1.3% of children in the OR group,
P = 1.0. Significantly more children in the LR group had an

asymptomatic COIR repaired intraoperatively, than children in the
OR group that developed a MCIH over the study period; 39.7 ver-
sus 10%, (P = 0.0001).

When comparing rates of wound infection, haematoma, testicular
atrophy, and hydrocele, there were no statistically significant differ-
ences between the LR and OR groups. However, a larger propor-
tion of infants in the LR group developed a wound infection
compared to the OR group; 5.2% (LR) versus 0.9%
(OR), (P = 0.06).

Operative technique

More infants in the LR group presented with an incarcerated hernia
than in the OR group (Table 3); 5.5% (LR) versus 3.0% OR
(P = 0.3). Overall, 78.5% of infants in the OR group received a
unilateral hernia repair and 21.5% received a bilateral repair. This
was significantly different to the LR group, where 43.8% of repairs
were unilateral, 16.4% were symptomatic bilateral hernias and
39.7% were incidental COIR repaired intraoperatively.

All infants in the LR group required general anaesthetic for their
procedure, compared to 82.8% in the OR group (P = 0.0001). The
remaining 17.2% of OR infants received only spinal anaesthetic.
Infants that required general anaesthetic weighed more than infants
that underwent spinal anaesthetic; 4530 g (range: 1050–5200 g) in
the general anaesthetic group versus 3568 g (range 1985–6040 g)
in the spinal anaesthetic group, P < 0.0001. OR was performed by
supervised registrars in 65.7% of cases, compared to only 8.2% in
the LR group (P = 0.0001).

The mean operating time was shorter in the OR group; 37.8 ver-
sus 48.0 min for unilateral (P = 0.02) and 36.5 min versus
49.3 min for bilateral (P = 0.003) repairs. To compare operative
time, both symptomatic bilateral hernias and COIR that were found
incidentally were analysed together as bilateral hernia repairs. Sim-
ple linear regression analysis showed a significant overall decrease
in operating times in the LR group for unilateral hernia repairs over
the study period, Figure 1. However, there was no significant
decrease in operating times for bilateral hernia repairs (P = 0.7),
Figure 1.

Discussion

This retrospective study has demonstrated that both LR and OR are
performed with low complication rates at our institution. Our pri-
mary outcomes measures were the rates of MCIH and recurrence of
a previously repaired hernia in both LR and OR groups. We found
that 10% of infants in our OR group developed an MCIH, margin-
ally higher than the pooled incidence of 7.3% found by
Kokorowski et al. in a meta-analysis of 129 studies.10,11 From our
LR cohort of patients, 70% of infants had a COIR that was visual-
ized and diagnosed intraoperatively, with subsequent repair.
Although none of these infants had complications from the contra-
lateral hernia repair, these repairs required additional resources, a
longer operating duration, and hence extended time under general
anaesthesia. Overall, 39.7% of the infants that underwent LR had a
COIR. This is consistent with data from published randomized

Table 1 Summary of patient demographics in the laparoscopic repair and
open repair groups

Laparoscopic
(n = 73)

Open
(n = 303)

P-value

Age at operation
(months)

2.5 � 1.6 2.5 � 2.1 0.9

Gestation (weeks) 34.7 � 3.9 34.4 � 3.9 0.6
Male: female 4.2:1 4.5:1 0.9
Birth weight (g) 2182 � 871 2531 � 1158 0.5
Weight at operation (g) 4500

(2500–5200)
4400 (1050–

11 200)
0.6

History of previous
surgery (n%)

1.4% 7.6% 0.06

Note: Data presented as n(%), median(range), or mean � standard devia-
tion. P-values <0.05 are considered statistically significant and bolded.

© 2022 The Authors.
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controlled trials, in which the incidence of infantile COIR is esti-
mated at 40%.10,12,13

Notably, our study is limited by the duration of follow up. The
natural history of an infantile COIR is not fully understood. There
were no MCIHs in our LR group compared to 10% in our OR
group (P = 0.01) within our study period. This significant reduction
MCIHs amongst children receiving LR varies from results of previ-
ous randomized controlled trials, that find no difference between
MCIH rates with LR and OR techniques.14–16 Previous meta-
analyses have demonstrated that the number needed to treat (NNT)
is 18, such that 18 COIRs need to be closed to prevent one
MCIH.8,11,17 These studies followed children up to 21 years of age
and were likely able to capture the vast majority of MCIH in the
analysed populations8,11,17 Amongst 31 100 patients that underwent
a unilateral inguinal hernia repair, Lee et al. found 63.6% of MCIH
presented within 2 years and 91.5% within 5 years.18 As the
follow-up period for our patient cohort is only a median of
39.2 months, it is possible that other infants will develop a MCIH
later in childhood or adulthood.

Previous studies have reported a higher recurrence rate with the
use of LR.15,19,20 A recent meta-analysis by Olesen et al. demon-
strated that the incidence of recurrence is low (0.3% in LR and
1.1% in OR) and is not significantly different between LR and OR
cohorts (P = 0.34).21 Reflecting the results of these meta-analyses,
we found no significant difference in recurrence rates between our
LR and OR cohorts.

Wound infection, haematoma, testicular atrophy and hydrocele
were uncommon in our patient cohort. There were no significant
differences between the incidence of these complications in the LR
and OR group. However, our ability to detect these complications
was limited by the retrospective model of data collection. Not every
infant in our study presented for their routine follow up appoint-
ment, and it is possible that some infants may have attended other
hospitals or healthcare networks. Conversely, the International Pae-
diatric Endosurgery Group (IPEG) Evidence-Based Guideline on
Minimal Access Approaches to the Operative Management of
Inguinal Hernia in Children found postoperative complication rates
to be lower with LR than OR, although the differences were small.7

In its introductory phase at our centre, LR is performed by only
two of eight consultant paediatric surgeons. This is reflected in the
unequal group sizes in our study and is a limitation of our retro-
spective study design. In all other aspects, the LR and OR groups
demonstrated similar baseline characteristics.

Operating time was longer overall in the LR group. This was true
for both unilateral and bilateral hernia repairs when compared to
the OR group. In previous meta-analyses LR has been associated
with longer operating time than OR for unilateral repairs, however,
was significantly faster for bilateral repairs.7,8,21 Simple linear
regression analysis demonstrated a negative trend between time
taken to perform LR and the date on which the operations were per-
formed. This suggests that the surgeons performing the operation
experienced a learning curve and is in keeping with the experience
of the two surgeons who were proficient in the LR technique, hav-
ing previously performed several hundred, but had not utilized it
recently in the years preceeding 2017. Previous literature describes
a wide range between the number of procedures surgeons need to
perform to become proficient at LR.22,23 Shibuya et al. assessed
trainees who performed an average of more than 200 procedures
over 13 months, finding an average of 125 procedures were
required for surgeons to perform LR in under 20 min.22 Con-
versely, our relatively small number of cases, 41 bilateral and
32 unilateral repairs, were performed over a 4.5-year period and the
two surgeons who performed LR also routinely performed
OR. This suggests that longer average operating times in our study
may be a result of fewer operations performed overall, or operations
not performed in a consecutive fashion and over a longer period.
As our study reflects only the initial clinical outcomes of LR at our
centre, the longer operating time in our study should be monitored
prospectively.

The ability to use awake regional anaesthesia, such as spinal
anaesthesia, in OR remains a potential benefit. Infants, particularly
with previous neonatal conditions or chromosomal anomalies, are
thought to be at higher risk of postoperative apnoea or bradycardia
with use of general anaesthetic.24–26 Although a recent large obser-
vational study demonstrated that type of anaesthetic (general

Table 2 Operative outcomes and complications in the laparoscopic repair
and open repair groups

Laparoscopic
(n = 58)

Open
(n = 226)

P-value

MCIH (n%) 0 10% 0.01

Recurrence (n%) 0 1.3% 1.0
Wound infection (n%) 5.2% 0.9% 0.06
Haematoma (n%) 0 0.9% 1.0
Atrophy (n%) 0 0 1.0
Hydrocele (n%) 5.2% 4.9% 1.0

Note: Data presented as n(%). P-values <0.05 are considered statistically
significant and bolded.

Abbreviation: MCIH, metachronous contralateral inguinal hernia.

Table 3 Operative characteristics in the laparoscopic repair and open
repair groups

Laparoscopic
(n = 73)

Open
(n = 303)

P-value

Incarcerated hernia
(n%)

5.5% 3.0% 0.3

Type of hernia (n%)
Left 17.8% 33.0%
Right 26.0% 45.5%
Bilateral
Symptomatic 16.4% 21.5%
Incidental COIR 39.7% 0
Anaesthetic (n%)
General 100% 82.8%
Spinal 0 17.2% 0.0001

Operating time (min)
Overall 48.6 � 14.39 37.5 � 23.34 0.0001

Time unilateral 48.0 � 10.7 37.8 � 24.98 0.02

Time bilateral 49.3 � 16.9 36.5 � 16.1 0.0003

Surgeon (n%)
Registrar 8.2% 65.7%
Consultant 91.8% 34.3% 0.0001

Note: Data presented as n(%) or mean � standard deviation. P-values
<0.05 are considered statistically significant and bolded.

© 2022 The Authors.
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compared to regional) did not influence the risk of a critical event
occurring.27 In our study, 81.3% of OR patients still received gen-
eral anaesthetic. The choice of anaesthetic technique was based on
weight, expected surgical length of time, comorbidities, and anaes-
thetist and surgeon preference.

Conclusion

At our institution, LR is performed in infants less than 1 year of
age with minimal complications and are comparable to OR. Our
complication rates are in keeping with accepted international stan-
dards amongst both LR and OR groups overall. MCIH occur more
frequently amongst infants receiving OR and the benefit of closing
COIR during LR is still unclear. Operating time with LR at our cen-
tre requires further prospective evaluation.
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