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Chapter 1

Minimally Invasive Repair
of Inguinal Hernias in Children

Hiotshi Tkeda

Department of Pediatric Surgery, Dokkyo Medical University Koshigaya
Hospital, Koshigaya, Saitama, Japan

Introduction

Inguinal hernia is the most common congenital defect for which pediatric
surgeons perform surgery in daily practice. The principle of inguinal hernia repair
in children is high ligation of the hernia sac. Open inguinal approaches have been
the gold standard for childhood inguinal hernia repair. In the last decade,
techniques of laparoscopy-assisted inguinal hernia repairs have been devised, and
it has been shown that these methods are minimally invasive and produce
satisfactory cosmetic results. These include intracorporeal suturing, the flip-flap
technique, and extracorporeal knotting such as laparoscopic percutaneous
extracorporeal closure (LPEC) and subcutaneous endoscopically assisted ligation
(SEAL). Laparoscopy-assisted repairs offer a marked advantage in allowing
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contralateral exploration of a patent processus vaginalis (PPV) that may manifest
as contralateral inguinal hernia later in life. However, there are technical
problems in laparoscopy-assisted inguinal hernia repairs that include possible
ijuries to the vas and gonadal vessels, hydrocele formation, and a high incidence
of hernia recurrence. The use of laparoscopy itself is sometimes disadvantageous
due to laparoscopy-related complications. In addition, even if the laparoscopy is
technically safe, routine exploration of a contralateral PPV and hernia repair in all
patients with positive PPV has been criticized as overtreatment because the
incidence of the positive PPV is much higher than the actual incidence of
metachronous manifestation of contralateral inguinal hernia. Recently, another
minimally invasive procedure for inguinal hernia repair in children, the selective
sac extraction method (SSEM), was devised. SSEM is an innovative technique in
which only the hernia sac is selectively extracted from the wound instead of
elevating the entire cord structure. In female patients, the round ligament is
elevated without pulling the surrounding muscular and fascial tissues out of the
wound, resulting in hernia repair through an extremely minimal skin incision
without performing laparoscopy. In this chapter, the history of the establishment
of a simple high ligation as a method of inguinal hernia repair in children is
reviewed. Following this, the advent of diagnostic and therapeutic laparoscopy
and the development of minimally invasive procedures are reviewed, and an
overview of the technical aspects of both laparoscopy-assisted repairs and SSEM
1s presented. Issues regarding contralateral exploration of PPV and surgical
complications with inguinal hernia repairs in children are also discussed.

I. Inguinal Hernia Repair by Simple
High Ligation: A Historical Review

After reviewing original articles in the late nineteenth century, it is clear that
most children with inguinal hernia at that time were treated by a truss, and that the
dominant opinion among surgeons regarding the treatment of childhood inguinal
hernia was a time-honored doctrine. Hamilton R. Russell (Figure 1), a surgeon
who was born in England and practiced surgery in Australia, criticized such a
doctrine in his article in 1899 entitled “The etiology and treatment of inguinal
hernia in the young.”" It tells us how children of his age with inguinal hernia were
treated, and the dissenting opinion of Dr. Russell was as follows:
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“Operation for hernia should never be undertaken in the case of a young
child when the hernia is susceptible of efficient control by a truss, for in a
large number of cases treatment by truss for a time will result in cure of the
rupture (hernia).”

Figure 1. Portrait of Hamilton R. Russell by George Washington Lambert, a painter in the
1920s (From Royle JP. College portraits, surgeons and the Archibald Prize. ANZ J Surg 2005;
75:483-488. Copyright John Wiley and Sons).

This meant that surgery was used only in the most serious cases in which
truss treatment was inefficient or incarceration had occurred. Banks mentioned in
his article published in 1882 that he had a strong belief that a well-fitting truss
worn constantly to the age of fifteen would cure the great majority of hernias in
children under ten years of age [2]. Surprisingly, it was also reported that almost
1,200 deaths occurred annually from strangulated hernia in the UK, although it
was unknown whether strangulation developed as a result of inefficient truss
treatment. Against the opinions of the majority of surgeons, Russell insisted that
truss treatment was much more uncertain and inefficient than was generally
supposed and that it should be discredited and abondoned[1].

Russell clearly stated that inguinal hernia in children was due to the presence
of a congenital sac, patent processus vaginalis, and that the removal of the sac in
early life could completely cure the hernia. He was the first surgeon who
suggested that simple high ligation of the sac was sufficient to cure inguinal
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hernia in children. His theory on the etiology and treatment of childhood inguinal
hernia led him into conflict with the authorities of his time, but Russell’s idea
proved to be valid and was finally endorsed by his British and American
colleagues. The practice of simple high ligation alone became the principle repair
for inguinal hernia in children that is still employed by modern pediatric
surgeons. In Russell’s operation, the main procedure was ligation and removal of
the hernia sac at its neck after separation from the cord. In his operation, the testes
were drawn out of the scrotum, which is no longer performed in modern repairs.
Russell’s operation was described in his article as follows[1]:

“The incision is made in the groin, parallel to Poupart’s (inguinal) ligament,
the cord is sought for, the coverings of the cord are successively opened, and
the cord, the sac, and the testicle are drawn out of the scrotum. The vas
deferens and the vessels of the cord are next defined and separated from the
sac and the sac is freed from these structures as high up in the canal as
possible. A chromicised catgut ligature is now applied to the neck of the sac
in the form of the Staffordshire knot and the sac is removed, the superfluous
coverings of the cord are cut away, and the testicle is carefully washed and
dried and replaced in the scrotum. The wound in the groin is closed by the
subcuticular method of suturing, a single thread of silkworm gut being used
for this purpose, the two ends of which emerge from the skin about half an
inch from either extremity of the wound.”

It took more than half a century for surgery to become the standard treatment
of inguinal hernia in children. Willis J. Potts of Chicago mentioned in his original
paper published in 1950 that innumerable articles had advised prolonged truss
treatment, delaying the operation until the child was two to four years old, and all
sorts of complicated methods of plastic repair of the muscles and fascial
structures[3]. In the late nineteenth century, there were two different principles of
repair in inguinal hernia in adults. One was a reinforcement of the anterior wall of
the inguinal canal and a tightening of the external inguinal ring, and the other was
a reinforcement of the posterior wall of the inguinal canal and a tightening of the
internal inguinal ring[4]. In 1877, a German surgeon, Vinzenz von Czerny,
reported surgical reinforcement of external oblique muscle aponeurosis by fascial
duplication without opening the aponeurosis. This was performed to narrow the
external inguinal ring, but the recurrence rate was unfortunately high with this
type of anterior plasty of the inguinal canal, which led to the innovation of
methods for posterior reinforcement of the inguinal canal. In 1881, a French
surgeon, Just Lucas-Championniére, pointed out that a ligature of the hernia sac
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high up on the internal inguinal ring should be performed after splitting the
external oblique aponeurosis. Then, in 1889 an Italian surgeon, Eduardo Bassini,
published a text on operative methods of inguinal hernia, in which he described a
method of posterior reinforcement of the inguinal canal by fastening a threefold
layer of the internal oblique muscle, the transverse abdominal muscle, and the
transversalis fascia to the posterior edge of the inguinal ligament[4]. Thereafter,
posterior reinforcement was the standard of inguinal hernia surgery, and it was
applied not only to repairs in adults, but also to those in children, until Potts
emphasized that the cause of indirect inguinal hernia in children was not muscular
weakness, but failure of the processus vaginalis to obliterate. He concluded that
surgical treatment should consist of a simple removal of the offending sac and
nothing more, and that high ligation of the sac alone would suffice to cure
inguinal hernia in children.

Potts also mentioned that the problem of hernia in children was often
dismissed with a few sentences, or the principles governing treatment in adults
were 1nappropriately applied to children[3]. A kind of indifference or ignorance
may have been present despite the fact that Russell had published an article on his
pioneering work more than 50 years earlier. After Russell’s work, several
surgeons repeatedly suggested that mere simple high ligation or removal of the
sac, rather than plastic repairs of the inguinal canal, would suffice to cure inguinal
hernia in children. Potts listed the surgeons who had contributed to form the
principle of treatment of inguinal hernia in children. Turner in 1912 advised
complete removal of the sac at the internal inguinal ring through a small incision
made on the aponeurosis of the external oblique muscle[5]. He added that any
attempt to strengthen the inguinal canal was unnecessary. In 1924, Russell
addressed his operative procedure of inguinal hernia at the King’s Medical
Society in New York and re-emphasized that a mere removal of the sac was
sufficient for repair of oblique (inguinal) hernia in children, a speech that was
published the following year[6]. Herzfeld presented an experience of an operative
method performed in an outpatient clinic, by which the sac was ligated through
the external inguinal ring, in 1938[7]. The procedure was quite similar to one
originally presented by Banks, and he partially closed the external inguinal ring as
Banks did[2]. Coles in 1945, supporting Turner’s approach, advised transection of
the sac, of which the proximal part was transfixed and highly ligated, while the
distal part of the sac was left without further treatment[8].

He also stressed that extensive dissection of the sac with plastic repair of the
inguinal canal should be abandoned because inguinal hernia in children was not
due to any weakness of the inguinal structures, but solely to the presence of a
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processus vaginalis. Coles disapproved of Herzfeld’s procedures that were
performed by many European surgeons of his age, explaining that pulling the
neck of the sac down through the external inguinal ring without opening the
inguinal canal was not a safe procedure. Coles’ operation was basically the same
as Potts’ operation described below.

Figure 2. Portrait of Toyoo Yatsushiro (Courtesy of Professor Shizu Sakai, Department of
Medical History, Juntendo University).

In the Far East, a Japanese surgeon, Toyoo Yatsushiro (Figure 2), probably
after learning from surgical authorities on the other side of the globe, believed
that high ligation and transection should be performed as soon as possible when
inguinal hernia was diagnosed and that plastic repairs of the inguinal canal were
rather injurious in children. These points were mentioned in his article published
in 1911[9]. Potts’ operation, the principles of which were not originally his idea,
became the standard procedure for inguinal hernia in children. The procedure has
been performed by many pediatric surgeons who followed Potts, although with
minor modifications. The original description of Potts’ operation was as follows
(Figure 3)[3]:

“In all infants below approximately two years of age a one inch transverse
skin incision is made in the crease which crosses the baby’s abdomen in the
suprapubic region. Such a skin incision is easier to close and less apt to
become infected than an oblique incision, and because it follows the lines of
cleavage it heals more smoothly with a scarcely visible scar and without
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annoying keloid formation. Cosmetic reasons for a minimal scar in the
inguinal region carry little weight with the surgeon but are a source of pride
to the mother. Why make an ugly scar anywhere when a neat one is possible
with no more effort? In older children likewise, a transverse incision rather
than one parallel with Poupart’s ligament is made in the proper location.”

Sac twristed,
transfixed,

High dissection
of sac

—Int.oblique
retracted

Note retraction
of stump beneath
int.oblique =

Figure 3. Parts of the original figure of Potts’ operation (From Potts WJ, et al. The treatment of
inguinal hernia in infants and children. Ann Surg 1950; 132:566-576. Copyright Wolters
Kluwer Health).

In modern pediatric surgery, compared to the dawn of pediatric surgery,
cosmesis is of much more concern and the appearance of incisional scars are
more important factors when any surgical methods are considered. Infants and
children who undergo surgery have to grow up and live for several decades or
more with scars. Potts was concerned about incisional scars, and in all likelithood,
he was probably the first pediatric surgeon who described cosmetic reasons for
his selection of skin incision:

“The external oblique is opened parallel with its fibers, but in routine cases
the external ring is not opened. The lower half of the external oblique is
retracted downward, while with a Halsted clamp the cremasteric fibers are
split parallel with the cord, and the sac, easily recognizable by its gray-white
color, is grasped and lifted up. With great gentleness the vessels and vas are
dissected from the fragile sac as far upward as possible. The sac in infants is
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often as thin as gossamer and must be handled very gently or it will tear and
become difficult to identify and to close properly. The interior of the sac is
inspected for the presence of intestine or omentum and in female for ovary or
tube. The sac is then twisted until the properitoneal fat appears or until the
neck of the sac has been completely obliterated. The sac is then transfixed
high with a silk suture and tied snugly. The excess is cut away. Attempts at
transfixion and ligation of the neck of the sac without twisting will often lead
to tearing and improper closure. The external oblique fibers are coapted with
a few interrupted fine silk sutures. The superficial fascia and subcutaneous
fat are apposed and the skin is closed.”

Potts’ operation became a standard procedure that is still used in modern
repair of inguinal hernia in children. Since it is the shortest way to the internal
inguinal ring and the base of the sac, the inguinal canal is opened by an incision
in the aponeurosis of the external oblique muscle instead of entering the canal
from the external inguinal ring.

When open surgery is necessary for incarceration, the aponeurosis of the
external oblique muscle is usually incised from the external inguinal ring. Potts
also clearly mentioned where the sac should be transfixed and ligated. It is
necessary to confirm the preperitoneal (expressed as “properitoneal” in Potts’
original article) fat tissue before ligation.

Variations in Procedure

Mitchell Banks’ Operation

The majority of surgeons in modern pediatric practice approach the inguinal
canal through an incision in the external oblique muscle aponeurosis. In young
infants, the internal inguinal ring is so close to the external ring that the hernia sac
and cord structures can be approached without opening the external oblique
aponeurosis. This alternative to approaching the sac was performed by surgeons
including Herzfeld” and Kurlan [10], and is known as the Mitchell Banks
technique. The procedure was described as follows[10]:

“The spermatic cord or the round ligament is isolated at the level at the
external inguinal ring. Then the hernia sac, usually lying on the anteromedial
aspect, is dissected free from the margins of the external ring and isolated
from the spermatic cord or round ligament, where it is doubly ligated with
fine 3-0 or 4-0 silk sutures and excised. If the external ring is enlarged, the
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medial and lateral pillars are coapted with two or three 4-0 chromic catgut
sutures.”

Since the inguinal canal is quite short in infants, the internal and external
inguinal rings lie in proximity. In such cases, the sac can be identified, dissected
from the cord structures, and adequately ligated as high as possible from the
external inguinal ring.

Although quite rare in children, when the posterior wall is weakened,
additional plasty for the inguinal canal is difficult with this approach[11].
Actually, Banks himself applied this procedure to repairs in adult patients and
only one of his patients was a young infant[2]. Herzfeld was one of the surgeons
who advocated Banks’ procedure in hernia repair in children.[7]

Marcy’s Operation

Griffith stated, in his chapter on Marcy’s operation, that the principle of high
ligation alone in all hernia repairs in children does not always suffice. Supporting
the principle concepts of Marcy’s operation, he wrote the following[12]:

“High ligation alone applies only when the sac is found to have a tiny neck
that does not even admit a fingertip. In these infants and children the internal
ring is obviously not enlarged and therefore does not require repair, but
many children, and some infants also, have sacs with patulous necks that
readily admit a finger or even a thumb into the peritoneal cavity. These
patulous necks signify that the internal ring is also patulous. Fascial repair of
the internal ring is therefore performed with one or more sutures. This repair
is done to prevent indirect recurrence, which in many instances does not
appear until adulthood.”

Marcy’s operation for inguinal hernia consists of removing the sac and
repairing the internal inguinal ring by closing the defect or hole in the
transversalis fascia. It was indicated that closure of the internal inguinal ring
completed the Marcy operation and there was nothing to be added in children'? .
Such a plasty of the posterior wall of the inguinal canal, however, is usually
unnecessary in repairs in children.
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II. The Era of Laparoscopic Repairs

Diagnostic Laparoscopy and Contralateral Exploration

Laparoscopy was initially introduced more as a diagnostic tool than as a
therapeutic approach in groin hernias. It provides intracorporeal visualization of
the inguinal region from the inside and can give an accurate diagnosis of non-
indirect inguinal hernias, as well as indirect inguinal hernias.

Direct inguinal hernia and femoral hernia are relatively uncommon in
children, and a diagnosis of direct hernia based solely on physical findings is
usually difficult. Although direct hernia has been assumed to be extremely rare in
children, laparoscopic examination revealed that it was found in 0.5%-2.6% of
children with groin hernias[13-16].

Femoral hernia were also found in 1%-2.6% of children with a bulge in the
groin, and these patients are sometimes misdiagnosed as having inguinal
hernia[14,15]. This data indicates that laparoscopy is a useful way of making a
correct diagnosis of groin hernias.

Contralateral Exploration

Diagnostic laparoscopy is used more often in contralateral exploration than
in only making accurate diagnoses of hernia (Figure 4). The presence of a PPV
on the contralateral side can be explored by laparoscopy when unilateral inguinal
hernia is repaired. When the contralateral side is positive for PPV, it can be
treated at the same time as the ipsilateral hernia repair is implemented.

The indication for contralateral exploration, however, has been controversial
regarding surgery in children with inguinal hernia since the 1950s, when several
investigators reported a high incidence of PPV on the contralateral side[17,18].
Discussions regarding routine bilateral exploration can be summarized as
follows[18]: the advantages of the procedure include the avoidance of a second
operation, anesthesia, and a reduction in overall cost, whereas the disadvantages
include overtreatment due to otherwise unnecessary operations and the possibility
of complications. The reported incidence of metachronous contralateral inguinal
hernia is 5.8% to 11.6%[19-26].

The risk of contralateral manifestation is high in patients with left-side hernia
and patients with a family history (accumulation of inguinal hernia in family
members within the second degree relationship) (Table 1)[24]. The incidence is
10% to 13% in these high-risk patients [24-27], but is still much lower than the
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incidence of PPV, at 48% to 61%[18,28,29]. Since a positive PPV does not
necessarily cause clinical manifestations of inguinal hernia, surgical intervention
for every PPV has been criticized as overtreatment.

At the same time, such intervention may cause complications including
damage to the vas deferens and testicular vessels, testicular atrophy, and testicular
dislocation[20]. On the other hand, closure of a PPV effectively reduces the
incidence of metachronous contralateral hernia. Only a small number of patients
returned with a hernia after a negative exploration by means of either a diagnostic
pneumoperitoneum test, the Goldstein test, or laparoscopy[30-33].

Figure 4. Laparoscopic view of a patent processus vaginalis in a female patient.

Table 1 Risk of contralateral manifestation in patients
with unilateral inguinal hernia

Characteristics Hazard ratio (95% CI) | p value
Left side hernia 1.40 (1.02-1.90) 0.037
Age at repair

<6 mo 1.21 (0.85-1.73) 0.292
<12 mo 1.18 (0.86-1.61) 0.319
Family history of inguinal hernia 1.59 (1.10-2.29) 0.013

(Reprinted from J Pediatr Surg, Tkeda H, et al., Risk of contralateral manifestation in
children with unilateral inguinal hernia: should hernia in children be treated
contralaterally? 2000; 35:1746-1748, with permission from Elsevier)
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Contralateral exploration can be accomplished either by a port placed at an
umbilical incision (umbilical approach) or a trocar placed through the ipsilateral
hernia sac (transinguinal approach)[34]. In particular, the latter approach was
introduced into clinical practice in the 1990s[32,33,35]. It provides excellent
evaluation of the internal inguinal ring contralaterally by using angled (30-
degrees to 120-degrees) endoscopes[36,37]. The criteria for positive PPV is the
presence of a significant peritoneal opening at the internal inguinal ring, the
absence of an identifiable termination of the peritoneal sac, or the expression of
bubbles by palpating the inguinal canal[37]. Laparoscopy, regardless of an
umbilical or transinguinal approach, offers a safe and effective means to confirm
the presence of PPV during ipsilateral hernia repair. No high-level evidence has
been presented to conclude whether a relatively high incidence of PPV and low
incidence of the metachronous manifestation of hernia justify routine contralateral
exploration. However, most pediatric surgeons who practice laparoscopic repairs
perform simultaneous explorations by laparoscopy [24,38,39]. Whether
performing contralateral exploration or not is usually dependent on the parents’
preference, so the decision should be made on an informed consent basis. Since
the method certainly benefits patients in whom second surgery and anesthesia
have to be avoided due to complications such as respiratory or cardiovascular
problems, it should be reserved particularly for these high-risk children [24].

Laparoscopic Repairs of Inguinal Hernia in Children

Simple high ligation of the hernia sac by an open inguinal approach has been
a standard procedure worldwide and has been used widely for inguinal hernia
repair in children. However, the introduction of diagnostic laparoscopy has led to
the advent of therapeutic laparoscopy in children with inguinal hernia, as well as
adults. A number of articles on innovative laparoscopic repairs have been
published. In1997, El-Gohary first reported an experience of laparoscopic ligation
of the hernia sac in female patients[40]. He inverted the hernia sac and ligated its
base by applying endoscopic loops under laparoscopic visualization. A total of 28
patients were treated by the method with only one recurrence reported. The
original description of the method is as follows:

“The diagnosis was confirmed using a 5-mm telescope induced via a
supraumbilical incision. Two 5-mm ports were introduced, one into each
flank. An endoscopic loop was then introduced from the side contralateral to
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the hernia to be ligated. A grasper was introduced via the ipsilateral port into
the internal ring. The hernial sac was grasped at a point as far as possible
from the internal ring and inverted through the loop into the abdominal
cavity. The loop was then secured around the base of the sac.”

After EI-Gohary’s method was presented, technical innovations and
modifications have been reported one after another, extending the techniques to
male patients. These methods can be divided into two categories based on the
approach used to close the hernia sac. These are intraperitoneal and
extraperitoneal approaches[41].

Intraperitoneal Approaches

This category includes El-Gohary’s method (endolooping), suturing of the
internal inguinal ring, the flip-flap technique, and their modifications. In 1998,
Schier reported intraabdominal suturing of the open internal rings with Z-sutures
of a non-absorbable material [42]. He modified his techniques and tried purse-
string or N-shaped sutures of a 4-0 monofilament suture, and reported the results
of 712 repairs in 542 children [13,14]. According to the report, there were 4.1%
hernia recurrences, 0.7% hydroceles, and 0.2% testicular atrophies, while wound
cosmesis was excellent. He mentioned that all recurrences occurred between the
suture and the epigastric vessels and believed that sutures had been placed too far
laterally out of fear of injuring the vas and epigastric vessels[14]. He also
reported that direct hernias were found in 2.3%-2.6% of cases. Since direct hernia
have been regarded as uncommon in children, it is often excluded from the
preoperative differential diagnosis of groin hernias. It i1s sometimes diagnosed
only after high ligation of the processus vaginalis fails to resolve a bulge in the
groin. Direct hernia may not be as uncommon as generally believed, as
previously mentioned (see the section on diagnostic laparoscopy).

Montupet et al. reported a similar experience of inguinal hernia repair using a
purse-string suture of a 3-0 absorbable suture[43]. He cut the periorificial
peritoneum laterally to the internal inguinal ring to facilitate suture and closure of
the hernia sac. An approximation of the conjoined tendon and the crural arch
using sutures with a nonabsorbable suture was added. A total of 47 inguinal
hernias in 45 boys were repaired and 2 (4.4%) experienced hernia recurrence.

Shalaby et al. closed the internal inguinal ring by a technique using a
Reverdin needle under a needlescope[44]. The two ends of the thread were passed
through the margins of the ring, withdrawn through the port, and tied by an
extracorporeal knot. No recurrence or hydrocele formation was reported.
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The flip-flap technique, reported by Yip et al. in 2004, is a unique method of
inguinal hernia repair via an intraperitoneal approach in which the internal
inguinal ring is not tightly ligated and a peritoneal flap anchored with a
nonabsorbable suture closes the hernia opening in a tension-free manner [45]. The
technique was used in 43 inguinal hernia repairs and no recurrence was observed
over a relatively short follow-up period. The idea of the flip-flap and the
preliminary results of the original report were appealing, but the results of the
subsequent study were unfortunately very poor[46]. Of the 15 patients who
underwent hernia repair using the laparoscopic flip-flap technique, the vas
deferens was injured in one patient and the flaps were torn during suturing in 3
patients. Hernia recurrence was observed in 4 patients up to 3 months
postoperatively, which led to the conclusion that until more studies to verify the
usefulness of the method were done, it could not be justified.

Another laparoscopic repair without ligation of the hernia sac was presented
by Riquelme et al[47]. He resected the hernia sac and the parietal peritoneum
surrounding the internal inguinal ring, anticipating that peritoneal scarring would
seal the inguinal canal and close the internal inguinal ring. A purse-string suture
was used when the internal ring was wider than 10 mm. The method was
performed in 91 patients and no recurrence was observed during the follow-up of
up to 4 years.

Giseke et al. also reported laparoscopic herniotomy, which consisted of a
circumferential incision of the peritoneum around the hernia sac at the internal
inguinal ring and a closure of the peritoneum by suture with a nonabsorbable
suture[15]. The recurrence rate was 1% among 385 children. The results were
fascinating and promising, but well-trained laparoscopic surgeons were
indispensable to accomplish intraperitoneal resection of the hernia sac.

Extraperitoneal Approaches

In 2001, Endo et al. reported laparoscopic extraperitoneal ligation of the
hernia sac with a 2-0 nonabsorbable twine using a specially designed Endoneedle
for sending and retrieving a suture (Figure 5)[48]. The method was applied in
more than 1,200 patients, showing excellent results with 0.2% incidence of hernia
recurrence[49]. After Endo described his original method, various minor
modifications of the technique or the use of innovative instruments have been
reported. These reports unequivocally stress that laparoscopic repair by
extraperitoneal ligation of the hernia sac is safe and minimally invasive, and that
cosmetic results are excellent. The incidence of hernia recurrence was not
significantly variable among the reports.
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Lee et al. performed high purse-string ligation extraperitoneally with a
microlaparoscope using innovative instruments in 450 patients, which resulted in
small incisions, a short operation time, and a quick recovery from surgery[50].
Hernia recurrence was observed in 4 patients (0.88%) after 6 to 18 months of
follow-up.

Harrison et al. used a swaged needle which was guided extraperitoneally
around the internal inguinal ring by a Touhy needle, and devised the see-saw
maneuver to avoid injury to the vas and spermatic vessels (Figure 6)[51]. The
method was dubbed subcutaneous endoscopically assisted ligation (SEAL), and
was applied to 300 repairs of inguinal hernia in children[52]. Absorbable sutures
were used in 40% of repairs and nonabsorbable sutures in the remainder. There
were 13 (4.3%) hernia recurrences and 7 hydrocele formations. Of the 13 cases of
hernia recurrence, 6 underwent SEAL with absorbable sutures and 7 with
nonabsorbable sutures. The avarage time from SEAL to hernia recurrence was 3.3
months. In Harrison’s method, using a swaged needle with a Touhy needle is
difficult under two-dimensional visualization.
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Figure 5. Instruments and laparoscopic views of the Endo’s method. (A) Specially designed
Endoneedles for sending and retrieving a suture. (B) The hernia sac is ligated extraperitoneally
with a 2-0 nonabsorbable twine (Courtesy of Masao Endo, M.D., Ex-director, Department of
Pediatric Surgery, Saitama City Hospital, Saitama, Japan).

Figure 6. A swaged-on needle is backed through the subcutaneous tissue by the see-saw
maneuver. Under direct endoscopic observation, the patent processus is closed at the internal
ring (Reprinted from J Pediatr Surg, Harrison MR, et al. Subcutaneous endoscopically assisted
ligation (SEAL) of the internal ring for repair of inguinal hernias in children: A novel
technique. J Pediatr Surg 2005; 40:1177-1180, with permission from Elsevier).
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Figure 7. Laparoscopic views of the LPEC procedure (Courtesy of Hiroo Takehara, M.D.,
Director, Department of Pediatric Surgery and Pediatric Endosurgery, Tokushima University
Hospital, Tokushima, Japan).

Laparoscopic percutaneous extraperitoneal closure (LPEC), reported by
Takehara et al. in 2006, was another modification (Figure 7)[16]. A special needle
with a wire loop was used to place a suture circumferentially around the internal
inguinal ring. The method was performed in 972 repairs, 40 of which were
accomplished with a 3-0 absorbable suture, while the rest were done with a 2-0
nonabsorbable suture. A retrospective analysis showed that there were 6 (0.73%)
recurrences, 5 of which were among the repairs with absorbable sutures. Direct
hernia, whose diagnosis is usually difficult even after opening the inguinal canal
in children, was laparoscopically diagnosed in 7 (0.98%) patients. The patients
were treated laparoscopically by LPEC with an additional iliopubic tract repair.
Double extraperitoneal ligation of the internal inguinal ring with nonabsorbable
sutures placed by a hernia hook were performed in 577 hernia repairs, and the
recurrence rate was 0.35%[53].
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Technical Problems in Laparoscopic Repairs

Pediatric surgeons who advocate laparoscopic repairs stress that their
methods are safe and minimally invasive, and that surgery results in less pain, an
earlier postoperative recovery, and more satisfactory wound cosmesis compared
to conventional open surgeries[54]. However, there are technical problems,
including possible injuries to the vas and testicular vessels, hydrocele formation,
and a relatively high incidence of hernia recurrence. Because the vas and
testicular vessels are just beneath the peritoneum of the posterior
hemicircumference of the internal inguinal ring, the needle can injure these vital
structures in male patients regardless of an intraperitoneal or extraperitoneal
approach. Suture or ligation to close the hernia sac may cause irreversible injuries
to the vas and testicular vessels, which are sometimes invisible under a
laparoscope. Saline injection into the extraperitoneal space can lift the peritoneum
and may effectively keep these structures away from sutures or ligation.

Hernia Recurrence after Laparoscopic Repairs

The incidence of postoperative hernia recurrence seems to be higher in
laparoscopic repairs compared to conventional open repairs (Table 2). In
particular, the incidence is seemingly higher when repaired by intraperitoneal
approaches than by extraperitoneal approaches. In conventional open repairs,
recurrence is thought to be caused by several factors. Failure to identify the hernia
sac during the original procedure inevitably results in the reappearance of a bulge
in the groin soon after surgery. Failure to ligate the sac highly enough at the
internal ring or a tear in the sac by which a strip of peritoneum remains along the
cord structures are also assumed to be reasons for postoperative recurrence[55].
Damage to the floor of the inguinal canal during the original procedure may cause
postoperative direct hernia. If a direct hernia is missed at the original procedure,
symptoms remain postoperatively. As for laparoscopic repairs, several technical
refinements have been proposed to reduce the incidence of recurrence. Chan et al.
showed that tensionless repair could prevent hernia recurrence in repairs by
intraperitoneal approaches[56]. The incidence decreased from 4.88% to 0.4%
after adoption of technical routines including an extraperitoneal saline injection to
reduce the size of the internal inguinal ring, confirmation of knot airtightness, and
an addition of a second purse-string stitch when needed. By observing the
inguinal region laparoscopically in recurrent hernias, Treef and Schier revealed
that most recurrences occurred medially to the previous suture and that the knot
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had become loose in some cases [57]. They suggested that the stitches at the
medial side of the hernia in the vicinity of the vas were crucial, and believed that
the more experienced the surgeon, the fewer incidences of recurrence.

Table 2. Laparoscopic repairs and hernia recurrence in children
with inguinal hernia

Repair (approach and method) Author Hernia recurrence (%)

I Intraperitoneal approaches

Endoloop El-Gohary[40] 3.6

Suture

Purse-string, Z-shaped, N-shaped | Schier[13,14] 3.4-4.1

Purse-string Montupet[43] 4.4

Reverdin needle Shalaby[44] 0

Flip-flap Yip[45] 0
Hassan[46] 27

Resection of the sac Riquelme[47] 0

Resection and suture Giseke[15] 1

11 Extraperitoneal approaches

Ligation Endo[49] 0.2
Lee[50] 0.88
Ozgediz[52] 4.3
Takehara[16] 0.73
Tam[53] 0.35

Another study performed by Marte et al. suggested that the addition of an
incision laterally to the intraperitoneal suture of the internal inguinal ring may
effectively prevent hernia recurrence due to better sealing of the ring [58].

What Are the Benefits of Laparoscopic Repairs?

It 1s believed, as described above, that laparoscopic repairs are associated
with less pain, a smoother postoperative recovery, and more satisfactory wound
cosmesis compared to conventional open repairs[41]. However, recent studies
suggested that while laparoscopic repairs are clearly superior procedures in terms
of cosmesis and can detect contralateral PPV, recoveries and outcomes are
similar for both laparoscopic and open repairs[59-61]. The advantages of
laparoscopic repairs include clear visualization of the internal inguinal ring from
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the inside, easy assessment of the processus vaginalis contralateral patency, easy
ispection of abdominal and pelvic viscera, and particular wound cosmesis. The
disadvantages include the need for endotracheal intubation and the potential risks
of injury to intraabdominal organs from laparoscopy, trocars, and other
instruments. When laparoscopic and conventional open repairs are compared, the
best clinical treatment 1s not yet clear [62,63].

III. Minimally Invasive Hernia Repair
Without Laparoscopy: A Selective Sac
Extraction Method (SSEM)

In 2009, Tkeda et al. reported a novel technique for inguinal hernia repair in
children [64]. It was devised to achieve satisfactory surgical and cosmetic results
with minimal surgical invasiveness without laparoscopic assistance. It was
dubbed the selective sac extraction method (SSEM). In SSEM, the hernia sac is
selectively extracted and highly ligated through an extremely small skin incision.

SSEM Procedure in Male Patients (Figure 8)

Because the skin incision of the SSEM is very small, approximately 5 mm in
length, it has to be located at the skin just above the internal inguinal ring. In
children with inguinal hernia, the spermatic cord structure is easily located by
palpation. It is thickened and feels as if two pieces of silky cloth are being rubbed.
A small skin crease incision is made where the spermatic cord overlies the
pectineal line of the pubic bone lateral to the pubic tubercle. Then, the two
superficial fascias, Camper’s and Scarpa’s fascias, are grasped, elevated with
small mosquito clamps, and incised. The aponeurosis of the external oblique
muscle is similarly elevated and incised. A small retractor, 3 mm in width, is
inserted into the inguinal canal and the cremaster muscles are bluntly separated
from the shelving edge of the inguinal ligament. After these maneuvers, the
spermatic cord surrounded by the cremaster muscles can be identified just beneath
the incision.
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A B

Figure 8. The selective sac extraction method (SSEM) in a male patient. The hernia sac is
selectively extracted from an extremely small incision (A-D). The sac is opened and transected
(D-E). The proximal part of the sac (black arrow) is freed as highly as possible before ligation,
and the vas is shown at the bottom of the proximal sac (arrowhead) (E) (Reprinted from J
Pediatr Surg, Ikeda H, et al. A selective sac extraction method: another minimally invasive
procedure for inguinal hernia repair in children: a technical innovation with satisfactory
surgical and cosmetic results. J Pediatr Surg 2009; 44:1666-1671, with permission from
Elsevier).
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Figure 9. After the neck of the proximal sac is freed highly enough, a probe (arrows) inserted
into the sac points in the direction of the pelvis and stands perpendicularly, indicating that the
internal inguinal ring is just beneath the wound.

In the SSEM, the entire cord structure is not pulled out of the wound. After
the cremaster muscles are partly elevated, the internal spermatic fascia is
identified between cremasteric muscle fibers. The hernia sac is identified by
dissecting the fascia anterocranially. The surrounding muscular and fascial tissues
are teased and pulled bluntly down and away. By pushing back the muscular and
fascial tissues into the wound, the hernia sac can be selectively extracted from the
small wound. Then, the sac is opened and transected. The internal inguinal ring is
confirmed by probing, and the distal part of the sac is pushed back into the
inguinal canal by pulling the scrotum and testis. Now, only the proximal part of
the sac is selectively extracted from the wound and can be freed as proximally as
possible. The level where the sac is highly ligated is determined by identifying
the preperitoneal fat tissue. After the neck of the sac is freed highly enough, a
probe inserted into the proximal sac points in the direction of the pelvis (stands
perpendicularly) and indicates that the internal inguinal ring is just beneath the
wound (Figure 9). The vas and the testicular vessels are seen at the bottom of the
proximal sac without exposing their entire length. A limited dissection of the vas
and the vessels minimizes damage to these structures. If the vas and the testicular
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vessels are not identified, the skin incision is extended by a millimeter or so. At
minimum , the vas should be identified before the neck of the sac is doubly
ligated with unabsorbable sutures. After high ligation of the sac, the wound is
closed.

SSEM Procedure in Female Patients

The procedure is fundamentally the same as that in male patients. A small
incision is made where the hernia sac is felt passing over the pectineal line by
palpation. The inguinal canal is opened and the internal oblique muscles are
separated from the inguinal ligament. The hernia sac is identified between muscle
fibers. The surrounding muscle fibers are bluntly pulled down and pushed back
into the wound. The entire sac is selectively extracted from the wound and
opened to confirm the round ligament. The presence or absence of ovary or
fallopian tube sliding is confirmed. The proximal end of the sac is doubly ligated
without transecting the hernia sac. The length of the wound can be further
minimized if the sac is transected with the round ligament and the distal sac is
pushed back into the inguinal canal before freeing the proximal sac, as highly as
possible. However, this method 1s not usually adopted for fear that transection of
the round ligament may cause complications such as uterine retroversion. After
ligation of the proximal sac, the entire sac is pushed back into the inguinal canal
and the procedure is completed by closing the wound.

Technical Feasibility of SSEM: A Retrospective Analysis

SSEM is an innovative technique in which only the hernia sac is selectively
extracted from the wound instead of elevating the entire cord structures. In female
patients, the round ligament is elevated and the hernia sac is extracted without
pulling the surrounding muscular and fascial tissues out of the wound. The hernia,
therefore, can be repaired through an extremely small skin incision. Injuries to the
vas and testicular vessels are avoidable because their entire lengths are not
exposed.

The technical feasibility of SEEM was retrospectively examined in 162
consecutive hernia repairs in which the SSEM was applied. Incarcerated or
irreducible hernia, hernia with palpable ovary at repair, and hernia associated with
an undescended testis were excluded from the indication of SSEM. The SSEM
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was successful in 92% of repairs. The incision lengths at the end of the procedure
were less than 10 mm in these repairs. The success rate was 88% in repairs of
male patients and 96% in females. In 8% of repairs, the procedure was converted
to a conventional open method, Potts’ operation, by extending the incision to 10
mm or longer. The reasons for conversion included a huge or thickened sac that
could not be extracted from a small incision, obesity and thick subcutaneous
tissue characteristics of early infancy, malpositioning of the skin incision, and
difficulty in sac identification. The median length of incision at the end of repairs
in male patients was 7.5 mm, whereas the length in female patients was 6.5 mm.
With a median follow-up time of 20 months (range, 12 to 29 months), there was
no recurrence of inguinal hernia. No parents reported postoperative complications
such as wound infection, testicular atrophy, or testicular translocation. More than
90% of the parents rated wound cosmesis as good or excellent. Consequently, it
was concluded that inguinal hernia repair with SSEM through a minimal skin
incision was technically feasible with very satisfactory surgical and cosmetic
results.

SSEM as a Standard approach

As described above, laparoscopic repairs have a marked advantage when
contralateral exploration is indicated. However, there is an ongoing discussion
regarding the necessity of routine contralateral exploration and surgery for a PPV.
If surgery for a PPV is not supported and contralateral exploration is abandoned,
the advantage of laparoscopic repairs compared to conventional open repairs is
limited to a better wound cosmesis. On the other hand, the SSEM was devised as
a modification of conventional open repair in order to achieve excellent wound
cosmesis. Laparoscopy is unnecessary and laparoscopy-related complications can
be avoided by using SSEM. Since a retrospective study has shown that the
surgical and cosmetic results of SSEM are excellent, it has the potential to
become the standard procedure for inguinal hernia repair in children. To confirm
the safety and usefulness of the procedure, a prospective study is now being
conducted.
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