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The Nyhus Classification

A classification system for groin hernias is required firstly, to facilitate the decision
as to which type of repair should be used, and secondly, to allow comparison of
different reports on hernia repair. Nyhus has emphasised the need to classify groin
hernias by complete assessment of the internal inguinal ring and the condition of the
posterior wall of the inguinal canal. This led to his description of the ‘Nyhus

classification’:

Type 1 - Indirect inguinal hernia in which the internal ring is of normal size
and Hesselbach’s triangle is normal.

Type 2 - Indirect inguinal hernia with enlargement of the internal ring.
Hesselbach’s triangle i1s normal.

Type 3a - Direct inguinal hernia.

Type 3b - Large indirect hernias with an expanded internal ring that has
encroached on the posterior wall of the inguinal canal (including
the sliding hernia), and hernias with both a direct and indirect
component (pantaloon hernia).

Type 3¢ - Femoral hernia.

Type 4 - Recurrent hernia. These may be direct (type 4a), indirect (type 4b),

femoral (type 4¢) or a combination of these types (type 4d).

(Nyhus LM. Individualisation of hernia repair: a new era. Surgery (1993);
114:1-2.)

This classification system is commonly used in the current literature on inguinal
hernia repair and has been used to standardise the description of groin hernias within
the Medical Research Council Trial of Laparoscopic Groin Hernia. The same system

has therefore been used for description of groin hernias in this thesis.



17



18

Groin hernia repair is one of the most common elective operations performed in
general surgery. Long term follow—up shows that more than 15% of conventional
sutured repairs may fail. Tension-free prosthetic repair has been introduced with
reported recurrence rates of less than 1%. Preperitoneal prosthetic repair has been
particularly recommended for bilateral and recurrent hernias. Laparoscopic hernia
repair 1s similar to the open preperitoneal approach and can be performed via a
transabdominal or totally extraperitoneal route. Laparoscopic hernia repair has,

however, been slow to gain acceptance.

An mmportant factor influencing the uptake of a new surgical procedure is the ease

with which the technique can be learned. The operation times, conversion rates and
early recurrence rates were assessed for the initial cases of three separate surgeons. A
reduction was found in all three parameters assessed over the first thirty cases,

suggesting that the learning curve for the laparoscopic repair is at least this long.

Twenty-seven consultants from the UK and Ireland contributed 928 patients to a
multicentre randomised trial to compare laparoscopic hernia repair with currently
used open repairs. As multicentre trials can create artificial differences, or mask real
differences, a sub-group of 300 patients randomised by a single surgeon experienced
in laparoscopic repair was also analysed separately. Perioperative data was collected
on a standard profroma. Patients were reviewed clinically at one week and then on a
yearly basis at the clinic. All patients completed a questionnaire including the ‘Short
Form 36’ health assessment instrument at three months. In addition the single surgeon
sub-group of patients completed the same questionnaire at one week and one month
after surgery. The laparoscopic group developed less wound haematomas (7.6% vs.
15.7%; 99% CI: -14.3 to -2.0), but there was no difference in the incidence of wound
infection or general complications such as urinary retention. The laparoscopic group
reported lower levels of post-operative pain and this was reflected in significantly
better ‘Short Form 36’ functional scores at one week. By one month the only
significant difference between groups was a better score for physical function in the
laparoscopic group, and by three months there was no significant difference in any of

the ‘Short Form 36’ domains. The early functional advantages for the laparoscopic

repair were reflected in an earlier return to normal activities (10 days vs. 14 days;

p<0.01) and work (28 days vs. 42 days; p=0.001). A simulator was constructed to
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measure the ability to perform an emergency stop following totally extraperitoneal or
open prosthetic inguinal hernia repair. Measurements were made pre-operatively and
at one, three and six days post-operatively. The laparoscopic group did not
demonstrate any increase in reaction times following hernia repair. The open group
had significantly prolonged reaction times on days one and three, but had returned to
pre-operative levels by day six. Therefore, laparoscopic repair does not impair driver
reaction times, and open prosthetic repair appears to allow an earlier return to driving

than the ten days previously recommended for open sutured repair.

Linear analogue pain scores and respiratory function tests were performed at six and
twenty-four hours after surgery for a subgroup of 120 patients. Pain scores and
analgesic use were significantly greater in the open group at both times. Hernia repair
has previously been shown to impair respiratory function and this is associated with
the development of post-operative respiratory complications. In both group s there
was a significant reduction in pulmonary function at six and twenty-four hours after
surgery, but no significant difference between the groups. This corresponded with a
similar recorded incidence of chest infection in the laparoscopic and open repair
groups (laparoscopic 1.4%, open 3.1%; 99% CI: —4.6 to 1.2). Inflammatory and
metabolic markers were measured in twenty patients who had a totally extraperitoneal
laparoscopic repair and twenty patients who had an open prosthetic repair. Significant
rises occurred in interleukin-6 and C-reactive protein, and there was a significant fall
in albumin in both groups, but there was no significant difference between groups. No

significant changes were recorded in glucose levels.

The laparoscopic repair is associated with greater marginal hospital costs (£278). A
large proportion of this cost is due to equipment costs, which vary according to the
use of reusable or disposable instruments. Even with a totally reusable instrument
policy the marginal hospital costs are greater for the laparoscopic repair (£93).
Additional costs occur due to a greater theatre time, although the significance of this
in terms of opportunity cost is questionable. Assessment of society costs following
surgery is complex and there does not appear to be any reliable method to perform

this. Therefore, the overall societal costs of the procedures were not compared.
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Review at one year for the main trial showed a significantly greater recurrence rate
for the laparoscopic group (1.9% vs. 0%; 95% CI: 0.5 to 3.4). This may have been
related to a learning curve effect as no significant difference was seen in the single
surgeon sub-group of patients (laparoscopic 0.7% vs. open 0%). After a median
follow-up of five years in this sub-group, there was no significant difference in
recurrence rates between the laparoscopic and open groups (2.0% vs. 2.0%; 95% CI:

-3.6 to 3.6). Notably, there were no recurrences found following the Lichtenstein
repair. With relatively low recurrence rates following prosthetic hernia repair other
long-term outcome measures may have greater significance when comparing different

types of repair. This study demonstrated a similar incidence of chronic pain at one

year follow-up after open and laparoscopic inguinal hernia repair.

There 1s conflicting evidence in the literature with regards to the relative
physiological effects of CO, pneumoperitoneum, as used for the transabdominal
laparoscopic repair, and totally extraperitoneal insufflation. Intraoperative assessment
during each type of insufflation demonstrated a slower rate of accumulation of carbon
dioxide and less increase in mean arterial blood pressure using the extraperitoneal
approach. This approach may therefore be safer than the transabdominal technique,

particularly in those patients with pre-existing cardio-respiratory disease.

The laparoscopic inguinal hernia repair has advantages for several early outcome
measures, but this is counterbalanced by an apparently greater technical difficulty in

performing the procedure and greater hospital costs. The long term recurrence rates
following open or laparoscopic prosthetic repair are low for an experienced surgeon.
It is notable that no recurrences were identified following the Lichtenstein repair. It
may therefore be argued that, despite some disadvantages in early outcome measures,
the Lichtenstein repair is the procedure of choice for primary, unilateral inguinal
hernias as it is relatively straightforward to perform and has good long-term outcome.
There may, however, be an economic argument for the laparoscopic repair to allow
an earlier return to work in those patients who are part of the workforce. The
preperitoneal approach has been advocated for the repair of recurrent and bilateral
hernias. This being the case, there may be an argument for laparoscopic repair in

these patients.
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1.1 The Contributions of Marcy, Bassini, and Halsted

The principles governing the modern techniques of inguinal herniorrhaphy were first
described in the latter decades of the nineteenth century. There has been considerable
debate over the years as to whether Henry Marcy or Eduardo Bassini should have
precedence in the claim that they developed these principles. In 1871, Marcy
published a description of inguinal hernia repair entitled “A new use of carbolised
catgut ligatures™.! Later, in 1892, he claimed to be the first surgeon to have repaired
the deep ring.” This claim has been supported by several authors who maintained that
Marcy developed the principles of ligating the sac at the deep ring, transplanting the
cord and reconstructing the inguinal canal many years before Bassini’s description.”
In his original paper Marcy described two cases of emergency repair of an
incarcerated direct inguinal hernia.! These repairs involved returning the unopened
sac to the abdominal cavity and suturing together ‘the deep pillars of the ring’. In a
review of Marcy’s claim to precedence Read contended that the deep ring would not
have been closed in these patients as the hernias were direct.® Furthermore, Marcy
indicated that a repair described by Steele was precisely the same as his own repair.
In this paper Steele clearly described suturing the pillars of the superficial inguinal
ring.” In 1892, Marcy exhaustively reviewed the anatomy of the inguinal region and,
like other surgeons of the day, he used the expression pillars of the ring’ to describe
only the superficial ring.” The deep ring was considered to be merely a hole in the
transversalis fascia. Griffith, has argued for Marcy’s precedence in his description of
the ‘Marcy repair’.® As part of this argument Griffith reproduced a drawing from
Marcy’s second book on hernia repair which clearly shows the transversalis fascia
being sutured at the level of the deep ring. However Marcy, who spoke Italian, had
previously translated Bassini’s 1887 paper (‘Casi di cure radicale dell’ernia inguinale
operata col metodo dell-autore.”) for his own first book published in 1889 (A treatise

on hernia. A radical cure by the use of buried antiseptic animal suture.). Marcy was
therefore already aware of Bassini’s work before his description of opening the canal
and suturing the transversalis fascia in 1892. It is only after this time that Marcy’s
description included opening the canal, removal of the sac and restoration of the
obliquity of the canal. There is therefore considerable evidence that, despite the
claims for Marcy’s precedence, Bassini was the first surgeon to describe the

principles which were to dominate inguinal hernia repair for the following century.
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Bassini first performed his procedure in 1884 and subsequently presented his results
to the Italian Society of Surgery in 1887.” The following year he presented the results
of 122 repairs in ninety-two patients to the Italian Surgical Society. In 1889, Bassini
produced a book describing his repair, and then in 1890 he described the results of
206 operations. Thirty-five of these repairs were for bilateral hernias and the age
range of the patients was from thirteen months to sixty-nine years. Eleven repairs
were for strangulation with no operative but three post-operative deaths. Eleven
wounds became infected, and eight recurrences were found in six patients after a

follow-up of four and a half years."

Attilio Catterina, who assisted Bassini at the time of his greatest activity, felt that
Bassini’s repair was being performed incorrectly, criticised unjustly, and was poorly
described in surgical texts. He conceded that this was partly the fault of Bassini
because his descriptions were too short and meagre, and the illustrations were
insufficient in number and detail. Catterina therefore published a book in 1932
entitled “The Operation of Bassini” in which he described each step of the original
technique in precise detail.!’ Bassini’s repair, as described by Catterina, involved an
incision of 7-10 centimetres which was placed with reference to the anterior superior
iliac spine, the pubic symphysis and the pubic tubercle. The external oblique
aponeurosis was incised at the upper border of the superficial ring, which allowed it
to be separated from the internal oblique by blunt dissection. The lower flap and inner
border of the inguinal ligament were separated from the cord using blunt dissection.
The cord and cremaster were then mobilised ‘en masse’ at the pubic tubercle and a
finger was passed up behind the cord towards the deep ring to allow full mobilisation.
The cremaster muscle was separated from the cord close to the deep ring, divided and
ligated. Separation of an indirect sac from the cord was commenced close to the deep
ring. Drawing the cord downward and the sac outwards, to stretch it over the inferior
epigastric vessels, exposed the edge of the transversalis fascia. The fascia was divided
from the deep ring to the pubic tubercle and separated from the underlying
preperitoneal tissues. An indirect sac was opened and the contents reduced, then the
sac was transfixed and excised. A direct inguinal sac was inverted. The first suture in
the repair of the posterior wall was placed medially through the threefold layer of
internal oblique muscle, transversus abdominis muscle and transversalis fascia plus

the edge of the rectus muscle. The suture was passed in and out of these structures
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twice then through the periosteum of the pubis. A second suture was placed through
the same structures about one centimetre lateral to the first. Further sutures included
only the threefold layer and the posterior border of the inguinal ligament. A total of
six to eight sutures were required to complete the repair. The cord was placed on the
reconstructed posterior wall and the external oblique flaps approximated to
reconstruct the superficial ring. Interrupted sutures were then used to approximate the
subcutanecous tissues.

Bassini has been attributed with a number of advances in inguinal hernia repair.”
These include: dissection and isolation of the spermatic cord, ligation of the indirect
sac flush with the peritoneum, complete division of the transversalis fascia,
construction of a new floor for the inguinal canal using the ‘triple layer’, restoration
of the obliquity of the canal, and early ambulation. However, it has been claimed that
the first surgeon to use a high ligature of the sac at the deep ring was not Bassini but
Lucas-Championniere in 1881." Lucas-Championniere did not publish this technique
until 1892 and so Bassini has precedence in the published literature. In addition,
although Bassini is attributed with the first description of division of the transversalis
fascia, it is not apparent from his publications between 1887 and 1894 that this was
done. In his description of Bassini’s procedure Catterina did describe incision of the
transversalis fascia from the deep ring to the pubic tubercle before reconstructing the
posterior wall of the canal. In Bassini’s paper of 1890 there was no direct mention of
whether or not the transversalis fascia was deliberately incised before repair of the
posterior wall. This however may have been implied as Bassini states that the
transversalis fascia should be separated from the preperitoneal fat. If the fascia was
not divided this separation would only be possible in patients with a very large dilated
deep ring. Andrews visited Bassini on three occasions and in 1899 described in detail
the procedure he had learned.” His description was very similar to Catterina’s with
one notable exception - he does not describe incision of the transversalis fascia. It
therefore appears that initially Bassini did not intentionally divide the transversalis
fascia, rather he freed the triple layer through a dilated deep ring from which the cord

was completely detached. Deliberate incision of the floor of the canal appears to have

been incorporated by Bassini after 1899. This may have become necessary as the

popularity of the repair grew and patients sought repair of smaller hernias with less
dilatation of the deep ring.!' In 1893, William Halsted described division of the
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transversalis fascia which resulted in the neck of the hernia sac "vanishing".14 If, as 1t
appears, Bassini did not introduce formal division of the transversalis fascia until

after 1899 then this important step may have first been described by Halsted.

The original repair described by Halsted involved the placement of six or eight
mattress sutures which incorporated the external oblique aponeurosis, the internal
oblique and transversus abdominis muscles, and transversalis fascia on the medial
side. The stitch was then passed behind the cord and incorporated the transversalis
fascia, inguinal ligament and the external oblique aponeurosis, which transplanted the

cord to a subcutaneous position. This practice was later abandoned due to a 10%

incidence of testicular atrophy.”

Around the turn of the century a number of modifications of Bassini’s original
procedure were described. The high incidence of testicular atrophy afier
skeletontsation of the cord led to a vogue for leaving it unmobilised on the posterior
wall of the canal.'®'” Ferguson described a repair which involved suturing the
transversalis fascia lateral to the deep ring followed by plication of the internal
oblique muscle to the inguinal ligament in front of the cord.'” High ligation of the
Indirect sac at the deep ring, and proper assessment of the posterior wall of the canal,
were therefore not possible with this procedure. The technique of imbrication of the
external oblique aponeurosis was described by Lucas-Championniére in 1892 and
subsequently promoted by Andrews.'® Andrews first plicated the internal oblique

muscle and transversalis fascia to the inguinal ligament. The posterior wall of the
canal was further reinforced by suturing the upper flap of the external oblique
aponeurosis to the inguinal ligament behind the cord. The lower flap was then sutured
to the upper flap in front of the cord. Influenced by his high incidence of testicular
atrophy Halsted adopted Ferguson’s technique of leaving the cord in situ. He also
incorporated imbrication of the external oblique aponeurosis into his repair, although
this was performed anterior to the cord. This procedure became known as the Halsted
II or Ferguson-Andrews procedure. More recently Lipton and colleagues have
described the use of the external oblique aponeurosis to reinforce the posterior wall of
the inguinal canal.'” These authors argued that the tissue necrosis produced by undue
suture line tension predisposed to failure of the plication types of repair. In a study to

compare suture line tension they found less tension in their aponeurotic repair and
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this was claimed to reduce the risk of hernia recurrence.'” However, there have been

no reports in the published literature on follow-up following this type of repair.
1.2 Relaxing incisions and the Tanner slide technique

The use of an anterior relaxing incision was first described by Wolfler in 1892, and
subsequently also reported by Halsted.” This technique involved the use of an incision
In the rectus sheath to allow the fibres of the internal oblique to be lined up with the
inguinal ligament at the medial end of the repair. This procedure was thought to
reduce the risk of medial recurrence. Halsted also claimed to have developed the use
of a flap of rectus sheath to reinforce the posterior wall of the canal in 1896." This
technique, which was only use in certain cases, involved the use of a relaxing incision
to raise a flap of rectus sheath, which was then sutured to the inguinal ligament.
Berger described a similar technique in 1902 where the defect in the rectus sheath
was repaired,” but McVay and Anson subsequently argued that this repair was

unnecessary as the rectus fascia was strong enough to prevent hernia formation.*

Tanner observed that suturing the conjoined tendon to the inguinal ligament involved
pulling the muscles out of their normal line of contraction.?’ He also felt that the
sutures were put under tension when the patient strained, with resulting dehiscence of
the repatr. In order to address these concerns Tanner advocated the ‘slide technique’.
This was claimed to displace the line of insertion of the lower fibres of the internal
oblique to a position parallel to the inguinal ligament, such that when lightly tied they
would neither atrophy nor tear out. In the Tanner technique the cord was mobilised
and the transversalis fascia inspected. If a deficiency was identified the lower part of
the fascia was excised, and the free edge of the upper leaf was sutured to the inguinal
ligament. The upper fleaf of the external oblique aponeurosis was raised off the
underlying internal oblique aponeurosis to about the medial third of the rectus
abdominis muscle. An incision was then made through the fused aponeuroses of the
internal oblique and transversus abdominis muscles. The incision extended upwards
from the level of the pubis, as far medially as possible, for approximately a hands

breadth. It was then curved laterally to end two centimetres from the lateral edge of

the rectus muscle. This allowed the lower fibres of the internal oblique (conjoined

tendon) to lie parallel with the inguinal ligament. Interrupted silk sutures were then
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used to plicate the conjoined tendon to the inguinal ligament. For some direct
inguinal hernias the suture through the conjoined tendon was also used to pick up the
transversalis fascia, rather than placing two separate rows of sutures in the inguinal
ligament. Tanner reported the use of the ‘slide repair’ in 116 cases with good results

but, as he readily admitted, the follow-up was poor.*!

1.3 The darn repair

In 1948, Moloney, Gill and Barclay published a description of inguinal hernia repair
using a nylon darn.** These authors claimed that the darn formed a ‘mesh’ which was
invariably filled by fibrous tissue. A number of requirements for the ideal lattice were
described including that it be: tailored to the individual, of small mesh size, well
anchored to the surrounding tissues, pliant, productive of minimal tissue reaction,
technically simple to introduce, and permanent. Nylon was thought to be the best
material available to meet these criteria. In the Moloney darn repair the inguinal canal
was approached anteriorly and the hernia sacs dealt with in the usual fashion. The
deep ring was then carefully examined and, if the edges were well defined, it was
tightened with interrupted sutures placed medial to the cord. For larger hernias, a
suture was passed through the posterior aspect of the internal oblique muscle and then
picked up both free edges of the transversalis fascia at the deep ring. The suture was
then passed through the inguinal ligament and back through the tissues again in a
similar fashion to tighten the deep ring around the cord. Passing a suture through the
dense fibrous tissue in the medial aspect of the pubic tubercle then commenced the
first layer of the darn. A continuous suture was placed between the lower edge of the
internal oblique muscle and the inguinal ligament as far as the deep ring. No attempt
was made to appose the internal oblique muscle to the inguinal ligament. A second
layer was then started in the same way as the first. The sutures passed through the
rectus sheath medially and then the aponeurotic part of the internal oblique muscle as
the darn moved laterally. On the inguinal ligament the sutures were placed between
those of the first layer. When the darn reached the deep ring a few sutures were
placed lateral to the cord. It was emphasised that all sutures were placed without
tension. When the darn was completed the cord was returned to its normal position

and the external oblique aponeurosis repaired.
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Moloney et al. reported that the use of nylon resulted in a low incidence of sepsis and,
in the absence of sepsis, there was no instances of extrusion of the suture.”* There was
also no reported incidence of late mesh extrusion or sinus formation. These results
contrasted with Edwards study on the use of silk sutures for inguinal hernia repair
where sinus formation occurred frequently.”® In a subsequent report ten years later
Moloney described superficial sepsis in 0.9% cases and deep sepsis (immediate and
delayed) in 1.1% cases.* 0.7% of the repairs required removal of the nylon due to
sepsis. Moloney reported that braided nylon was more likely to cause problems than
monofilament nylon. Of 253 hernias repaired between five and ten years before,

followed up by postal questionnaire and case note review, Moloney reported only two

recurrences (0.8%). He emphasised that permanence was a requirement of the
material used 1n the darn and subsequently reported that nylon retains at least two-

thirds of its original strength after ten years in situ.*’

Shuttleworth and Davies reported a follow-up of between four and twelve years on
seventy-two patients who had a nylon darn repair for primary inguinal hernia.® All of
these patients were clinically examined and a recurrence rate of 8.3% was reported.
This compared favourably with the recurrence rate found with other repairs in the
study including herniotomy with or without plication of the transversalis fascia
(15.7%), Bassini repair (28.9%) and the Tanner slide (20%). Leacock and Rawley
reported an average follow-up of 3.8 years in 326 nylon darn repairs for primary
inguinal hernias.*’ All of the patients were examined with five (1.5%) recurrences and

three (0.9%) sinuses being recorded.

While some authors have advocated the placement of sutures lateral to the deep ring
during plication types of repair,”* Lichtenstein and Shore have argued that this may
be detrimental. Sutures placed lateral to the cord are likely to cut out during
contraction of the muscle and it was argued that this leaves an enlarged deep ring,
which predisposes to recurrence.”® Lichtenstein and Shore commented that, in their
experience, the majority of indirect recurrences occurred following placement of a

lateral suture at the original repair.
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1.4 The Shouldice repair

In 1920, Downes described a repair which involved excision of the direct inguinal sac
and closure of the resulting defect in the posterior inguinal wall with a continuous
suture.?’ Harrison recognised that adult inguinal herniation was due to failure of the
transversalis fascia to withstand the intra-abdominal pressure to which it was
subjected.’® He therefore modified Downes repair by overlapping the incised
transversalis fascia layer and then reinforcing 1t with a fascia lata graft. Earl
Shouldice has been credited with the refinement of the technique of double breasting
the transversalis fascia. In his original publication in 1945 Shouldice advised against
any ‘interference’ with the transversalis fascia,”’ however the ‘Shouldice technique’
was then developed between 1945 and 1950. In 1953, Shouldice published a paper in
which he clearly illustrated division of the transversalis fascia and described
overlapping of the tissue layers using a total of six continuous sutures.” Welsh and
Alexander claimed that it was Ryan, who joined the Shouldice clinic in 1950, that
introduced the technique of division of the transversalis fascia.” Prior to this time the
posterior wall was not routinely examined and, when it was inspected, the fascia had
simply been plicated.”® Glassow, who published extensive results from the Shouldice
Clinic, emphasised the importance of freeing the peritoneal sac of an indirect hernia
to the level of the deep ring. At this level the sac should be separated from the
transversalis fascia.”>~® This concept, which was attributed to Shouldice himself, was
thought to be more important in preventing indirect recurrence than high ligation per
se. Until 1948, a silk suture was used for the repair but after this time the use of
stainless steel wire was introduced.>* In 1953, Shouldice reviewed his results for the
preceding eight years and demonstrated an improvement in recurrence rates (2.1% at
3 years for repairs performed in 1943-5, and 0.01% at 3 years for repairs performed in
1950).>* The basis for the ‘classic’ Shouldice repair therefore appears to have been
developed during this period with a corresponding improvement in recurrence rates.
37

Glassow, who described the Shouldice repair as a modification of the Bassini repair,

stated that the technique was not standardised until 1951.”°

It was not until after Shouldice’s death in 1965 that the first full descriptions of the
‘Shouldice repair’ were in published. These publications were made by American

surgeons who had visited the Shouldice Clinic,””*° and Glassow subsequently
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described aspects of the repair in a series of reports of outcome following the
repair.”’®~° The majority of Shouldice repairs were performed under local anaesthesia.
The skin incision was made along the line of the inguinal canal and the external
oblique aponeurosis was then divided along the same line with the upper and lower
flaps being completely mobilised. The cremaster muscle was divided along the line of
the cord and excised to allow an adequate view of the posterior wall of the canal. The
cord was then freed from all attachments to the transversalis fascia at the level of the
deep ring. In the absence of an indirect hernia sac a small crescent of peritoneum was
visible on the cord and this was mobilised to prevent an indirect hernia being
overlooked. If present, an indirect sac was completely freed from the cord down to
the deep ring and excised. The strength of the posterior wall of the canal was then
assessed. The technique of repair was essentially the same whether or not a direct
defect was present. The transversalis fascia was divided starting at the deep ring and
progressing along the line of the canal to the pubic bone. The basis of the repair was
an overlapping technique using four continuous lines of stainless steel wire. The first
suture line was started at the pubic bone and picked up the free edge of the lower flap
of transversalis fascia. This was sutured to the undersurface of the medial flap at the
level of the edge of the rectus abdominis, and more laterally at the level of the
posterior aspect of the internal oblique. This suture was continued to reconstruct the
deep ring and then turned to return as the second suture line, which picked up the free
edge of the upper flap and attached it to the free edge of the inguinal ligament. The
third and fourth suture lines were then placed using a second length of wire. The third
line commenced at the deep ring and united the internal oblique/conjoint tendon to
the posterior aspect of the external oblique aponeurosis just above the level of the
second suture line in the free edge of the inguinal ligament. This line was turned at
the pubic tubercle and returned as the fourth layer to reinforce the third line of

sutures. The cord was then replaced in the inguinal canal and the external oblique

aponeurosis was closed over it, again with a slight overlap.

Ryan reported the outcome following 369 recurrent groin hernias repaired at the
Shouldice Clinic between 1941 and 1951, although only twelve repairs were

performed in the first four years of this period.*' A recurrence rate of 1.3% at two

years was reported, but it should be noted that only 58% of the patients were
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examined. Both Ryan and Glassow emphasised that early recurrence occurred as a

4
consequence of poor surgery.>**!

In 1970, Glassow published a review of fifty thousand inguinal and femoral hernias
repaired at the Shouldice Clinic between 1945 and 1967.% From the period 1945-50
there were 192 recurrences from five thousand repairs (3.8%). From 1951-67 the rate
was 172 recurrences from forty-five thousand repairs (0.4%). The high early
recurrence rate coincided the period when the repair was being refined. Glassow
subsequently published his own personal experience with the Shouldice repair
between 1954 and 1974.>°® From over thirteen thousand primary inguinal hernia
repairs he reported seventy-three recurrences (0.6%), and from over eighteen hundred
recurrent hernia repairs he identified eighteen recurrences (1.0%). Of the ninety-one
recurrences identified, forty were inguinal hernias and fifty-one were femoral hernias.
Glassow suggested that the ‘recurrent’ femoral hernias might have been missed at the
original operation, despite routine inspection for them. Alternatively he thought that
there may have been a technical error in dealing with the lower flap near the femoral

vein, or there could have been tension in the repair which opened the femoral canal.

Other surgeons have also reported low recurrence rates for the Shouldice repair.

3

Devlin reported a recurrence rate of 1.2% at five years,” and Wantz reported a

recurrence rate of 1.3% for 3,454 primary groin hernia repairs performed between
1970 and 1985.** Wantz also reported a 4.9% recurrence rate for first time recurrent
hernias, but for patients with more than one previous recurrence the rate was 40%. A

preperitoneal mesh repair was therefore recommended for the latter group.**

Berliner noted that effective wound healing requires a fibroblastic response and
adequate oxygenation.*’ An on-going balance of collagen synthesis and enzymatic
lysis occurs for approximately one year after repair, until a stable aponeurotic
structure is formed. Berliner argued that simple plication of the posterior wall of the
inguinal canal is inadequate to stimulate fibroplasia, and therefore incision in the
posterior wall is necessary for an effective repair. Fibroblasts are mobile in tissue

culture and migrate to a smooth surface to which they can adhere. The overlapping

layers in the Shouldice repair provide this surface. Absence of tension in the repair 1s

also necessary to allow adequate oxygenation. Knolmayer and co-workers have
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compared wound strength following imbrication versus excision and closure in the
anterior rectus sheath of rats.*® They found that at seven, fourteen and twenty-eight
days excision and closure provided significantly stronger result than imbrication. A
collagen cross-linking analysis was also performed and this suggested that the
strength advantage increased over time. It was therefore concluded that excision and

closure was preferable to imbrication for fascial tightening procedures.

Berliner adopted the Shouldice repair in 1972, but rapidly decided that the fourth

suture line was superfluous.*’ He therefore developed a repair using three suture
lines. The first two suture lines were placed in the same way as for the Shouldice
repair. The third layer then united the transversus abdominis aponeurosis superiorly
with the posterior aspect of the external oblique aponeurosis inferiorly. At a mean
follow-up of 80.8 months in 1,804 repairs using this technique Berliner recorded a
recurrence rate of 1.3% for primary inguinal hernias. The repair was also used for 272
recurrent inguinal hernias with a recurrence rate of 5.9%. Berliner then hypothesised
that, as the transversalis fascia layer is the main barrier to direct herniation, a simple
two-layered repair of the posterior wall should be adequate.*> He performed a trial to
compare the two-layered technique with the modified Shouldice repair using three
lines of sutures (Table 1.1). There was no significant difference in early recurrence
rates between the two groups. Although Berliner recognised that longer follow-up
was required, no subsequent follow-up has been reported in the literature. Within a
large randomised trial Kux and co-workers included a group that had a conventional
Shouldice repair and a further group that had a two-layer Shouldice repair (Table
1.1).*” Each type of repair was performed using a polypropylene suture. The
recurrence rates for the two groups were not significantly different at two years
follow-up. Varshney et al. have also performed a randomised trial comparing the
traditional four-layer Shouldice repair with the two-layered technique using nylon
(Table 1.1).*® No significant difference in recurrence rates was found between the
groups. Hilgert and co-workers have performed a randomised trial of Shouldice repair
using non-absorbable polypropylene or reabsorbable polydioxanone (PDS).* At a
mean follow-up of thirty-one months there was a total recurrence rate of 5% and no

difference between the two groups.
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1.5 Repairs involving Cooper’s ligament

Annandale 1s often reported as the first surgeon to use Cooper’s ligament for a hernia
repair in 1876.>° However, Koontz has demonstrated that Annandale used neither the
inguinal ligament nor Cooper’s ligament in his repair of a combined inguinal and
femoral defect.’’ The first published report on the use of Cooper’s ligament was
therefore that of Lotheissen in 1898, who recommended the internal oblique and
transversus abdominis muscles be sutured to Cooper’s ligament for the repair of
femoral hernias.'* McVay has strongly advocated the use of Cooper’s ligament for
inguinal hernia repair, and the technique is now known in many quarters as ‘the
McVay repair’.”*>” McVay argued that, as the inguinal ligament forms neither the
origin nor insertion of the transversus abdominis and internal oblique layers, there is
no anatomical justification for suturing them to it.”* He contended that Cooper’s
ligament should be used in repair of the posterior inguinal wall as it forms the normal
insertion for these muscles. In 1942, McVay and Anson described the Cooper’s
ligament repair, and emphasised that this technique should only be used for hernias
with a significant posterior wall defect.>> A herniotomy with plication of the deep
ring was performed for patients with indirect hernias and no significant encroachment
onto the posterior inguinal wall. In the McVay repair the hernia sac was dealt with in
the same way as for other anterior repairs. The attenuated area of the transversalis
fascia was then excised and the free edge was separated from the underlying
preperitoneal tissue. A series of interrupted silk sutures were then used to attach the
transversalis fascia to Cooper’s ligament along a line from the pubic tubercle to the
medial border of the femoral vein. The repair was then continued laterally by suturing
the fascia to the anterior portion of the femoral sheath. By 1948, use of a relaxing
incision appears to have become routine and McVay recommended a sliding

technique.**

McVay and Anson subsequently reported a series of fifty-six Cooper’s ligament
repairs with no recurrence, although the follow-up was relatively short for the final
twenty-five patients in the series.>> Nine years later McVay and Chapp reported a 1%
recurrence rate from 197 patients who had undergone Cooper’s ligament repair
between one and eleven years beforehand.’® In 1970, Halvessen and McVay reported

a series of hernioplasties that had been followed up for between one and twenty-two
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years.”® Of the 442 Cooper’s ligament repairs performed for posterior inguinal wall
defects sixteen had recurred (3.6%). These reports demonstrated the increasing

recurrence rate found when patients are followed up over a prolonged period of time.

In arguing the case for the Cooper’s ligament repair McVay emphasises that the
inguinal ligament is not a fixed structure, but rather is anchored only at its two
extremities. Zimmerman stated that, although this observation is anatomically correct,
the relatively low incidence of recurrence below the inguinal ligament (ie. femoral
hernias) meant that the practical significance was questionable.”” He also argued that
use of Cooper’s ligament was technically more difficult and that there was a greater
risk of injury to the femoral vein. Zimmerman therefore stated that any improvement
in outcome should be balanced against the added difficulties and hazards of the
repair. Similarly, Lichtenstein and Shore have argued that, despite the strength of
Cooper’s ligament, the inguinal ligament offers many advantages for hernia
repair.”**" While McVay contended that the lack of fixation of the inguinal ligament
was a disadvantage, Lichtenstein and Shore claimed that this mobility imparted
resilience to the suture line during use of the abdominal musculature.”® It was

therefore argued that sutures were more likely to cut out from Cooper’s ligament than

from the inguinal ligament.

More recently Rutledge has reported a twenty-five year experience of the Cooper’s
ligament repair® Unlike McVay, Rutledge used the same repair for all types of
inguinal and femoral hernias, arguing that this should reduce recurrence rates as all
possible defects are repaired at the original operation. The report covered 906 repairs
followed up for an average of nine years. A total of eighteen recurrences (2%) were
identified in surviving patients. In the earlier years of this series the cord had been
transplanted to a subcutaneous position and seventeen of the recurrences were from
these patients. This group therefore had a recurrence rate of 11.6% with an average
follow-up of 17.4 years. Subsequently the cord was returned to its normal anatomical

position and, after an average follow-up of 7.1 years, there was one recurrence in 572

repairs (0.2%).
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1.6 The open transabdominal approach

The transabdominal approach to inguinal hernia repair was considered by a number
of surgeons in the latter years of the nineteenth century. In 1873, Annandale
described the repair of an umbilical hernia via this approach and commented that it
could also be used in the management of large inguinal hernias.®® Hutchison, in 1878,
then used a transabdominal approach via a lower midline incision to treat a
strangulated inguinal hernia.®* In 1883, Lawson Tait repaired a femoral hernia found
incidentally during laparotomy for an ovarian cystectomy.®?> At that time he
postulated that it was possible to treat all abdominal wall hernias in this way. In 1891,
Lawson Tait defined the main principles for the management of hernias via ‘median
abdominal section’.®> These included that strangulation must be relieved without
enlargement of the tendinous aperture through which the viscera protrudes, and the
elements of the tendinous aperture must be closed during the repair. In 1913, Bates
described transabdominal repair of the hernia defect using transversalis fascia.** In
this approach a two-inch long incision was made one inch above the deep ring and
parallel to the inguinal ligament. The external oblique aponeurosis and internal
oblique muscle were opened along the line of their fibres, then the transversalis fascia
and peritoneum were opened. This allowed the deep ring including the neck of the sac

to be closed using a pursestring suture.

Laroque described a combined anterior and posterior method to deal with a hernia sac
then repair the inguinal canal.®>®’ He made a standard anterior approach to the
inguinal canal and, on dividing the external oblique aponeurosis, separated the fibres
of the internal oblique and transversus abdominis muscles an inch above their lower
margin. The peritoneum was then opened to allow reduction and excision of the
hernia sac. LaRoque commented that at this point the internal orifice of the canal

could be sutured, but he had not done so. Instead the peritoneal incision was closed
and repair of the inguinal canal was performed using an anterior approach. LaRoque
was not specific as to which technique should be used. This lack of detail reflects
LaRoque’s belief that total removal of the hernial sac was the essential part of hernia
repair and his uncertainty about the importance of the plastic repair of the abdominal

wall. Several other surgeons have subsequently advocated the use of a

68-71

transabdominal approach for strangulated,®®” sliding,®*”! and congenital hernias.®®



37

1.7 Preperitoneal herniorrhaphy

Annandale has been attributed with an early description of the preperitoneal approach
to groin hernias.” However, in a review of Annandale’s paper, Koontz found that he
had actually used an anterior approach to the inguinal canal in a somewhat esoteric
combined repair of inguinal and femoral defects.’’ In 1920, Cheatle described a
preperitoneal approach to the groin via a paramedian inciston with longitudinal
splitting of the rectus abdominus.” The inguinal hernia sac was ligated at the
peritoneal surface. The part extending in to the canal was then drawn up as far as
possible, ligated and allowed to slip back into the canal. It is not clear whether or nor
Cheatle tightened the deep ring as he stated ‘there is nothing to stop a surgeon
occluding the internal ring by suture should he desire’. The same approach was used
for the repair of femoral hernias. Cheatle subsequently described the use of a
Pfannenstiel incision to approach the groin.” In 1936, Henry ‘rediscovered’ the
extraperitoneal approach to groin hernias in a report that made no reference to
Cheatle’s work.”* Henry was familiar with the midline extraperitoneal approach to the
pelvic ureter and was impressed by the excellent view obtained of the posterior
inguinal region. This allowed the true neck of the hernia sac to be identified more
easily than with the anterior approach. Henry reported the repair of bilateral femoral
hernias in a fourteen-year-old girl. In this patient the hernia sacs were reduced and
excised then the femoral canals were covered with fascial flaps. Cadaveric dissection
was then used to refine the preperitoneal approach, and inguinal defects were repaired
by suturing transversalis fascia such that the deep ring was snug around the cord. In
addition, Henry reported the repair of bilateral direct inguinal hernias via a
preperitoneal route.”* Jennings et al. also published a description of the preperitoneal
approach via a midline incision.” Indirect inguinal hernias were then managed by
high ligation and removal of the sac followed by tightening of the deep ring. In
conditions where the sac extended into the scrotum, or was associated with dense
adhesions, it was divided and the distal portion left in situ. This technique was
claimed to avoid distortion of the canal and allow the formation of a scar to protect
against recurrence. It was also thought to be relatively simple, with low risk of injury

to the ilioinguinal nerve or cord structures. The perceived disadvantages were that the

repair was unsuitable for direct hernias and large indirect hernias where the deep ring

was dilated to such an extent that it overlapped the superficial ring.” 76
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McEvedy was critical of the midline preperitoneal approach to femoral hernias.”’ His
reasons for this included the requirement for a second groin incision in large hernias,
a risk of splitting the peritoneum while reducing the sac, and inadequacy of the reparr.
McEvedy advocated an approach via a vertical incision from just over the crural
canal, and associated hernia sac, to a point three inches above the inguinal ligament.
The preperitoneal space was then entered via an incision in the rectus sheath paraliel
to the lateral border of the rectus abdominis muscle, which was retracted medially.
The hernia sac was opened, to deal with the contents, then reduced. If necessary the
peritoneum was opened and a bowel resection performed. The sac was excised and a
repair performed by placing two or three non-absorbable sutures between the conjoint
tendon and Cooper’s ligament, which tightened the femoral canal. Mouzas and
Diggory reported a modification of McEvedy’s approach whereby an oblique skin
incision was made along Langer’s lines.” This approach was claimed to improve

exposure and also facilitate inguinal hernia repair through the same incision.

In 1959, Nyhus and colleagues published a preliminary report of fifty groin hernia
repairs via a lower midline incision with the divided peritoneal sac being left in situ.”
A Cooper’s ligament repair was then used for both direct and indirect inguinal
hernias. One year later Nyhus, Condon and Harkins published a further paper on their
clinical experience with the preperitoneal approach to all types of groin hernia.*

They stated that the tissue available with this approach was adequate to repair each of
the types of groin hernia. The approach used had been modified to a transverse
incision with the lateral border carried about four centimetres into the lateral
abdominal muscles, and for bilateral repairs the incision was extended across the
midline. The rectus abdominis muscle was then retracted medially to develop the
preperitoneal space. A true high ligation of the sac was performed in all cases. For
indirect inguinal defects three or four silk sutures were placed lateral to the cord to
snug the deep ring around it. To repair a direct inguinal hernia silk sutures were
placed between the thickened transversalis fascia at the upper border of the defect and
the iliopubic tract inferiorly. Cooper’s ligament was only used if the iliopubic tract
was deficient. Nyhus et al. reported 213 repairs, thirty-three of which were

recurrent.”® A total of five (2.3%) recurrences occurred between one and eighteen

months after repair. Four of these were indirect recurrences, and all of them had been

repaired using the methods described in the original 1959 paper. No indirect
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recurrences were observed following adoption of the later technique, although follow-
up for these repairs was much shorter. In 1989, Nyhus reported recurrence rates of
3% for indirect hernias and 6% for direct hernias from 1,200 primary repairs.?' Nyhus
et al. commented that the preperitoneal approach was advantageous for recurrent

hernias, and also reported less testicular atrophy and neuropathy using this route.*

Read has also described a preperitoneal approach to inguinal hernias with a sutured
repair involving the inguinal ligament.**** Read agreed with McVay that the iliopubic
tract was not a true anatomical structure that could be used for repair. However, he
argued that bringing the transversalis fascia down to Cooper’s ligament produced too
much tension in the repair, even with a relaxing incision. Read reported the outcomes
of 1,420 preperitoneal inguinal hernia repairs with a mean follow-up of forty-one
months.” The recurrence rate for indirect hernias was 3.8%, and for direct hernias it
was 8.2%. Read concluded from these figures that the preperitoneal approach allowed

satisfactory repair of all types of groin hernia.

The use of a preperitoneal approach has been advocated for the management of acute
inguinal hernias.®** It was stated that this approach fulfilled three operative goals for
such conditions. These are: removal of trapped abdominal contents with minimal risk
of contamination or perforation, easy resection of non-viable viscus without the need
for a second incision, and access for repair of the hernia defect. Malangoni and
Condon claimed that petechiae in the fascial structures of the hernia defect always
indicated that the viscus was strangulated.”” In these situations they advocated

resection of the involved viscus before mobilising the hernia to reduce the risk of

bacteracmia via the mesenteric circulation.

Not all comments on preperitoneal herniorrhaphy have been favourable. Sonneland

compared the results from conventional anterior repairs of the time and the
preperitoneal repair.”® His conclusion was that the only role for the preperitoneal
approach was as an adjunct to laparotomy for other conditions. Several other reports
showed much higher recurrence rates for direct inguinal hernia repair than for indirect
hernia repair performed via the preperitoneal route.”” Having reviewed the results
from their own data and other reports, Gaspar and Casberg concluded that
preperitoneal herniorrhaphy should not be used for direct inguinal defects.®” McVay
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contended that the high recurrence rate with the preperitoneal repair of direct inguinal
hernias was due to the use of the iliopubic tract to effect the repair.”’ He also stated
that there was undue tension in these repairs. Lindholm et al. reported relatively low
recurrence rates for primary hernias, but found a re-recurrence rate of 27% at up to

91

four years follow-up for recurrent hermia repairs.” The use of preperitoneal

herniorrhaphy for recurrent hernias was therefore questioned. In 1971, Margoles and
Braun found a much higher recurrence rate for preperitoneal repair compared with
that for anterior sutured repair.” They also reported poorer results in the preperitoneal
repair group for other outcome measures such as post-operative pain and hospital
stay.”> However, this study was not randomised and there was a greater proportion of

recurrent hernias in the preperitoneal group.
1.8 Prosthetic repair via an anterior approach

The 1deal implantable soft-tissue prosthesis should remain inert and stable, should not
be modified by the body after implantation, should not stimulate a chemical or
biological reaction, should not undergo physical change, and should remain flexible.”?
A number of biological prostheses have been tried for the repair of inguinal hernia,”*

*® including skin which produced complications such as dermoid cysts and squamous

carcinoma.”” Fascia lata appeared to provide an acceptable tissue for repair, but there

were complications from the donor site.”

In the past fifty years a number of man-made prostheses have been used for inguinal

hernia repair. In 1948, Thompson reported the use of a sheet of polyethylene which
was placed in the preperitoneal space via an anterior approach.”” With a maximum
follow-up of less than two years no recurrences were identified following this repair,
but some patients did complain of stiffness in the abdominal wall. The use of
tantalum gauze in inguinal hernia repair was reported independently by
Throckmorton and by Douglas in 1948."%*'" This mesh was thought to act as a
biologically inert framework for the ingrowth of fibrous tissue. Throckmorton
advocated that the mesh should be used for direct and large indirect inguinal defects.
He emphasised that it should be of sufficient size to allow placement without tension
and that the tantalum sutures used should be placed into strong fascia or periosteum.
The cord structures were passed through an opening high on the lateral border of the
implant. Throckmorton produced radiological evidence that within twelve months the



41

mesh had fractured and so the long-term strength of the repair was dependent on the
ingrowth of fibrous tissue.'” This observation was reinforced by Mitchell-Heggs who
performed a ten-year survey on thirty-nine patients with a tantalum gauze repair.'* In
the majority of cases mesh fragmentation was identifiable by two years after the
operation. The repair described by Douglas involved a different technique as he felt
that making a hole in the mesh for the passage of the cord introduced a point of
weakness.'”! Douglas mobilised the testis from the scrotum and created a new deep
ring by passing the cord through the internal oblique four centimetres above its lower
border (the Schmieden manoeuvre). The internal oblique muscle/conjoined tendon
were then plicated to the inguinal ligament and a half moon shaped piece of mesh was
fixed over the canal with interrupted sutures. Douglas subsequently reported thirty-six
abdominal wall hernia repairs including thirteen repairs of large or recurrent inguinal
hernias.'” After an average follow-up of five years there was no sinus formation, but
two inguinal hernias had recurred. Douglas concluded that this method of inguinal
hernia repair was of little value due to problems with fitting the prosthesis around the
cord and, in the case of recurrent hernias, difficulty in finding tissue to anchor the
prosthesis inferiorly. In 1950, McNealy and Glassman reported the repair of inguinal
hernias using a Vitallium plate.'” The plate was constructed with an opening for the
cord and also perforations at the margin for placement of sutures. Like the technique
used by Douglas, the internal oblique muscle was plicated to the inguinal ligament
and the plate was then sutured over the repair. From ten patients who had undergone
this repair in the preceding two to three and a half years one recurrence occurred, in a
patient who had already recurred on five previous occasions.'” All of the other
patients had. returned to work or normal activities. Recently Weitzel at al. reported a

colocutaneous fistula caused by the migration of a metallic mesh.'® This mesh had

been placed over twenty years earlier for the repair of bilateral inguinal hernias.

Several other prostheses for inguinal hernia repair were also described. Schofield
reported the use of polyvinyl alcohol sponge in hernia repair.'”® He showed that the
mesh was invaded by granulation tissue that subsequently matured to fibrous tissue.
Six large inguinal hernias were repaired using this technique with no recurrences at a
maximum follow-up of twelve months. Wolstenholme used Dacron fabric for the
repair of inguinal hernias and large abdominal wall defects.'”” In this repair the

Dacron, which was split to accommodate the cord, was sutured inferiorly to the
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inguinal ligament and superiorly to the margin of the defect in the transversalis fascia.
In a subsequent post-mortem, for a patient who died from gastric carcinoma, fibrous
tissue was found to be growing through the interstices of the fabric. There was no
evidence of inflammatory or foreign body reaction. Horwich used open weave nylon
tricot, which also allowed granulation tissue to grow through the prosthesis.'”® In this
repair the defect in the transversalis fascia was closed, and, if possible, the conjoined
tendon was plicated to the inguinal ligament including a Tanner slide.”’ A continuous
braided nylon suture was used to attach a five by three inch piece of mesh to the
inguinal ligament. A second continuous suture was then used to attach the upper
border of the mesh between the pubic tubercle and the upper aspect of the internal
oblique aponeurosis to cover the area of the Tanner slide. A longitudinal slit was
made in the lateral end of the mesh to create two tails, which sat snugly around the
deep ring. Horwich commented that the mesh should be ‘quite taught’. One
recurrence was identified from fifty-eight cases followed up for one year or more.'*®
Three patients suffered a wound infection, but all had settled after opening of the
wound. Horwich noted that, as recurrence following prosthetic repair usually
occurred at a point around the edge of the implant, the mesh should widely overlap
the deficiency to be repaired. Doran and co-workers reported the use of three different
types of nylon net with different strand thickness and pore size.'”” A high recurrence
rate was found with the thin net, but only one case developed a chronic sinus. With
the thicker net a high incidence of non-healing wounds occurred and over half the
cases required removal of the mesh. The medium sized net was more successful with
only six of 212 repairs developing sepsis which required removal of the mesh, and
four other patients developing recurrence by two years follow-up. Doran et al.

concluded that, as nylon was a slightly irritant foreign body, there was a limit to the

quantity that could be safely implanted.

In 1959, Usher introduced Marlex (single strand polypropylene) mesh for the repair
of incisional and inguinal hernias.''®''? Usher claimed that this mesh provided a
weave that was porous enough to allow fibrous tissue in-growth without
compromising the tensile strength of the prosthesis.''! Marlex mesh had a much
higher tensile strength than that for prostheses such as nylon, Dacron or Teflon
(polytetrafluoroethylene).'!! The foreign body reaction to Marlex mesh was similar to

that of Teflon, and was much less than the reaction to nylon or Dacron.!'’ Teflon,
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however, was found to allow very little fibrous tissue ingrowth while Marlex allowed
uniform infiltration of the mesh. Six months after implantation Marlex showed no
evidence of fragmentation and its tensile strength was maintained.'"! Marlex was also
found to perform much more favourably that most other prostheses in the presence of

infection. This claim has been substantiated in studies performed by Koontz and
Kimberley.'"

For direct and recurrent inguinal hernias Usher performed a conventional plication

repair of the inguinal floor and then reinforced this with a mesh onlay technique.''*!"2

Using silk sutures, a strip of Marlex (2.5 x 7 cm) was sutured to the inguinal ligament
and pubic tubercle inferiorly, and to the rectus sheath/internal oblique muscle
superiorly. A notch was cut in the mesh laterally to allow passage of the cord. The
external oblique aponeurosis was closed over the mesh with the cord either returned
to its normal position or transplanted to a subcutaneous position. After favourable
experiences with incisional hernia repair Usher modified his repair of inguinal
hernias.''® The transversalis fascia was divided from the deep ring to the pubic
tubercle and a preperitoneal space developed behind the upper flap. Using interrupted
mattress sutures the upper border of the mesh was fixed behind the conjoined tendon
and transversalis fascia. The lower border was then sutured to the inguinal ligament
without making any attempt to perform a plication repair. Placing a few sutures
lateral to the cord, between the internal oblique muscle and inguinal ligament,
tightened the deep ring. Usher noted that these patients suffered less post-operative
pain, which he attributed to the absence of tension in the repair."o In 1962, Usher
reported that of eighty-four cases reviewed at one year there were five recurrences
(5.9%).""* In two of these cases, exploration showed that the mesh had pulled away
from the pubic tubercle resulting in a medial recurrence. In 1970, Usher subsequently
reported a recurrence rate of 3% from 286 patients.'’” Kaufimann, Weissberg and
Bider have used a technique similar to that of Usher for the repair recurrent hernias
with polypropylene mesh.!'® The repair differed, however, in that the mesh was split
laterally and then re-sutured around the cord to fashion a new deep ring. Kaufmann et
al. reported low rates of infection and recurrence using this technique.''® Barnes also

reported good results with the use of polypropylene mesh.'"’
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Polypropylene mesh is now available in several forms including Marlex (woven from
single strands), Prolene (woven from double strands), and Surgipro (woven from
multiple filaments). It has been claimed that the greater the number of strands, the
softer and more pliable the mesh.''® Polytetrafluoroethylene (PTFE) has also been
used in inguinal hernia repair. This was initially available as a ‘non-expanded’ mesh
(Teflon),!” but was subsequently replaced by expanded PTFE.'” The fibrous
ingrowth into a PTFE mesh is less than that observed with a polypropylene
mesh,'?"'? and the tensile strength of the PTFE mesh repair is therefore less than that
of the polypropylene mesh at ninety days. 22 polypropylene, however, is associated

with a greater incidence of adhesion formation when compared with expanded
PTFE.'"

1.9 The Lichtenstein repair

In 1987, Lichtenstein published a report on his personal experience with over 6,000
inguinal hernia repairs.®® In this paper he described the routine use of polypropylene
mesh to reinforce a plication repair for all direct and recurrent hernias. The external
oblique aponeurosis was then sutured behind the cord, which transplanted it to a
subcutaneous position. After a follow-up of between two and fourteen years forty-
three (0.7%) recurrences were reported, the majority of which were attributed to
excessive tension in the repair. Lichtenstein therefore refined his repair to avoid
suture line tension.'**'#> Using a conventional anterior approach to the inguinal canal
the direct or indirect sac would be mobilised and reduced. A piece of polypropylene
mesh (16 x 8cm) was trimmed, with the medial end rounded to fit the inguinal canal.
Fixation of the mesh was commenced medially with a continuous prolene suture. The
mesh overlapped the pubic tubercle by two centimetres to protect against medial
recurrence, and was sutured along the free edge of the inguinal ligament to a point
one to two centimetres lateral to the deep ring. Medially the suture avoided the
periostium of the pubic tubercle as its involvement can cause chronic periostitis. The
lateral end of the mesh was divided at the junction of the middle and lower thirds to
the level of the deep ring, which created two tails in the mesh. The upper tail was then
passed around the cord as it emerges from the deep ring. The lower borders of both
tails were anchored to the inguinal ligament using a prolene suture, and the tails were

tucked beneath the external oblique aponeurosis. The upper border of the mesh was
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tacked to the rectus sheath and internal oblique aponeurosis using interrupted sutures.
Absorbable sutures were used in this area as the ilio-hypogastric nerve may be
accidentally caught up in the suture. Lichtenstein stipulated that, once sutured in
place, the mesh should not be under tension. The cord was then placed in its normal
position, overlying the mesh and the external oblique aponeurosis reconstituted. In
1993, Lichtenstein et al. reported follow-up of one to eight years for 3,125 repairs
performed using this technique.'” Four patients, all from early in the series,
developed a recurrence. Three of these patients had medial recurrence and in the
fourth the mesh, which was thought to be too small and therefore under tension, had
separated from the inguinal ligament.'*'*® No case of mesh rejection was reported
and the infection rate was 0.5%. Amid and Lichtenstein subsequently reported the
outcome from 5,360 inguinal hernia repairs performed at the Lichtenstein Hernia
Institute.'”® This series included 1,000 patients who had simultancous bilateral
ingutnal hernia repairs performed under local anaesthesia, and 360 recurrent hernias.
In addition to the four previously described recurrences one further recurrence was
reported. It was reported that following this type of repair the patients required oral
analgesics for one to four days and had returned to work in two to fourteen days. The

Lichtenstein group also collated the outcomes of 22,300 repairs performed by seventy

surgeons and found similar outcomes.'”® The surgeons from the Lichtenstein clinic
stated that they prefer local anaesthesia for reducible adult inguinal hernias as it is
safe, effective and does not have post-anaesthetic side effects.'”’ Furthermore it was
argued that the pre-emptive effect of local anaesthetic administration before the
incision i1s made results in less post-operative analgesic use. It was also claimed that
bilateral defects could be repaired simultaneously using this technique with low post-

operative morbidity and recurrence rates.**'*

Wantz reported 1,252 prosthetic repairs that had been followed up for between one

and six years.'” 97% of these repairs were performed under local anaesthetic and
involved either a Lichtenstein procedure or, in the case of indirect hernias, a
combination of mesh plug and a reinforcing prosthetic patch. Wantz reported six
recurrences (0.5%), all of which occurred early in the series and within a few months
of the initial repair. It was therefore concluded that these repairs were likely to be
related to technical errors. Other authors have also reported recurrence rates of less

than 1% for the Lichtenstein repair.>*"*' The outcome following Lichtenstein repair
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for recurrent inguinal hernias has recently been reported by different authors as 1.8%

after one year follow-up, >* and 7.0% after two years follow-up.'**
1.10 Modifications of the Lichtenstein repair

Capozzi et al. reported the use of prosthetic repair for all adult inguinal hernias
excluding Nyhus type 1."** In this series the posterior wall of the canal was reinforced
using prolene mesh, which was fixed in place using a continuous prolene suture
around the entire margin of the prosthesis. Laterally the mesh was split and sutured
around the cord to reconstitute the deep ring. In this series two patients (0.3%)
developed mesh infection and both settled with conservative treatment. Four
recurrences (0.6%) were recorded from 651 patients followed up for an average of

five years.

Vara-Thorbeck and colleagues described a modification of the Lichtenstein patch
repair which they called the ‘Thovara repair’.'”® Essentially this repair only differed
from that of the Lichtenstein Clinic in that the external oblique aponeurosis was
sutured behind the cord, which was therefore transposed to a subcutaneous position.
Transposition was thought to prevent raised intra-abdominal pressure being directed
along the line of the cord. The recurrence rate at one year (0.8%) was no better than

that reported for the Lichtenstein repair and in addition this repair had a 1% incidence

of testicular atrophy.

Valentini et al. have also described a modification of the anterior mesh repair, which
they have called ‘the dynamic self-regulating prosthesis’.!*® This technique involved
placing two layers of mesh over each other, with the cord passing between them. The
deep mesh was sutured to the rectus sheath superiorly and the more superficial mesh
to the inguinal ligament inferiorly. The two meshes therefore covered the defect but
could move over each other, allowing for movement of the aponeurotic and muscular
structures without tension. Valenti et al. reported 585 repairs with no evidence of

early recurrence.'®
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1.11 The mesh plug technique

Lichtenstein and Shore observed that recurrent inguinal hernias often consisted of a
single punched out defect in an otherwise intact inguinal floor."”’ This observation
was supported by Greenburg, who found multiple defects in only 2.8% of direct

recurrences and observed that most defects were less than four centimetres in

diameter.'”® It was argued that while taking down the entire former repair would be
superfluous, and possibly detrimental, simple sutured closure of the defect would be
unlikely to give a lasting repair. Lichtenstein and Shore therefore described a
technique for repair of femoral and recurrent inguinal hernias using a plug of
polypropylene mesh.!*” The plug was fashioned from a strip of mesh (20 x 2cm)
which was rolled to form a cylinder and, where large defects were encountered, a
further piece of mesh was wrapped around the first one. When placed in the defect the
outer end of the plug lay flush with the surrounding tissues. It was then secured by
four or five sutures, which approximated the plug to the margins of the defect.
Shulman, Amid and Lichtenstein subsequently reported a twenty-year experience
with this type of repair in 1,402 patients with recurrent inguinal hernia."*? With a 91%
follow-up of between three and twenty-one years they reported twenty-one

recurrences (1.6%). The reasons for these recurrences were identified as insufficient
plug size, an unrecognised secondary defect, infection, and insufficient sutures in a
case where only two were used. In 1994, the Lichtenstein group indicated that the
patch repair should be used for indirect inguinal hernias with a normal or dilated deep

ring and an intact posterior wall (Nyhus types I and II)."* It was also stated the patch
prosthesis was ideally suited for repair of Nyhus type Illa/b defects. For recurrent

direct or indirect hernias less than 3.5cm diameter the plug repair was advocated, as
application of a patch would involve greater dissection and an increased risk of
testicular ischaemia. The patch repair was considered the best method for larger direct
and indirect recurrent hernias. Shulman et al. recognised that the anterior approach to
recurrent inguinal hernias carried a risk of testicular ischaemia but commented that
the preperitoneal approach should only be used in circumstances such as multiple
bilateral recurrences or where the patient already had one atrophic testicle.!*
However, having previously advocated the plug technique, the surgeons from the
Lichtenstein clinic have now stopped using it for any type of hernia.'*® This step has

been taken due to a number of concerns. Firstly, they felt that there was a risk of
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missing a concurrent hernia due to inadequate dissection. Secondly, there was
concern that shrinkage of the plug may result in failure of the repair. Finally, it was
thought that there was a significant risk of complications including migration of the

plug into the inguinal canal, scrotum, bladder, intestine or 1liac vessels.

Gilbert has also described a ‘sutureless’ plug repair for indirect inguinal hernias that
involved placement of a prosthesis into the preperitoneal space via an inguinal
route.'*"*'** This repair was recommended for indirect hernias where the deep ring did
not exceed one fingers-breadth. Having reduced the indirect sac a six centimetre
square piece of prolene mesh was cut to shape and folded into an ‘umbrella plug’.
The plug was inserted through the deep ring using a forceps and, when released, it
unfolded behind the transversalis fascia. The posterior wall of the canal was then
reinforced with a second sheet of prolene mesh. Neither of the pieces of mesh was
tixed with sutures. From a series of 412 repairs, with a maximum follow-up of thirty-
six months, Gilbert reported only one recurrence.'*? In subsequent repairs the second

piece of mesh was omitted without any evidence of subsequent direct hernia
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formation.™ This change reduced the incidence of wound seroma requiring

aspiration from 5% to 1%. The use of the modified repair was then extended to
indirect hernias with a deep ring greater then one fingers-breadth. In these cases a

suture was placed lateral to the cord to reduce the width of the deep ring.

Rutkow and Robbins have also published extensively on the plug repair of inguinal
hernias.'**'*® These authors initially used the repair for small to moderate sized
indirect defects, but subsequently stated that the plug repair was indicated for the
repair of all primary and recurrent inguinal hernias.'** In Rutkow and Robbins repair
the mesh plug was initially fashioned from a flat piece of polypropylene mesh, but a
commercially available Marlex plug was subsequently developed (‘PerFix’, CR Bard,

Cranston, RI)."*> The original cone of mesh had been criticised because it was
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unlikely to maintain its shape in vivo.” The commercially available plug was

claimed to retain its shape as eight ‘petals’ of mesh supported its fluted outer layer.145
For smaller hernias some of these ‘petals® could be excised to allow the prosthesis to
fit the defect.'*’ All of the repairs, irrespective of hernia type, were then reinforced
with an onlay of a polypropylene mesh patch (a ‘plug and patch’ repair). The patch,

which was split laterally to fit around the cord and was not sutured in place, was not
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viewed an integral part of the repair but rather as a form of ‘prophylaxis’ against
recurrence. > Patients were advised that virtually all ‘reasonable’ activities could be
recommenced by the end of the second post-operative week. Of 2,333 primary
hernias repaired using this technique, with an average follow-up of four years,
Rutkow and Robbins reported six recurrences (0.26%).'* They also reported a 2.5%
re-recurrence rate for recurrent hernia repair, a low incidence of post-operative
complications and a rapid return to normal activity.'*® Bringman and co-workers
reported a median operation time of thirty-five minutes for the plug and patch
repair.'*’ Sedentary workers returned to their normal occupation in a mean of seven
days and manual workers in a mean of fifteen days. With a median follow-up of nine
months two recurrences (1.4%) were identified. Palot et al described the use of a
‘Perfix’ plug technique for small to medium indirect hernias but did not advocate it
for larger indirect or direct defects.!*® In two-thirds of cases an onlay patch was also
sutured in place. With a median follow-up of thirty-four months for 140 patients one
recurrence was found. This study did not report any cases of mesh migration, but the
authors did comment that the long-term tolerance of the mesh plug required further
evaluation. In the only randomised comparison Kingsnorth et al. concluded that the

Lichtenstein repair was superior to the plug and patch type of repairs (Appendix
A.3).1%

1.12 Development of preperitoneal prosthetic repair

In 1962, Mahorner and Goss introduced the concept of placing a graft in the

139 A dermal graft was used as an

preperitoneal space to repair recurrent hernias.
‘internal buttress’ for two patients where multiple previous repairs had destroyed both
the inguinal ligament and Cooper’s ligament, leaving nothing with which to anchor a
repair. The graft was sutured to the iliopsoas fascia, the fascia either side of the iliac
vessels and to the periosteum of the pubis. The anterior aspect was then sutured to the
transversalis fascia. A further layer of sutures was tacked at the lower margin of the
transversalis fascia. Estrin, Lipton and Block stated that the preperitoneal space was
more favourable than sites anterior to the hernia defect for the placement of prosthetic
material.’*! It was argued that in the preperitoneal position a rise in intra-abdominal
pressure would tend to oppose the prosthesis to the abdominal wall rather than raise it

off the defect. In the case of direct or recurrent hernias polyester (Mersilene) mesh or
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Marlex mesh was advocated for reinforcement of a single layer sutured repair of the
transversalis fascia. The mesh was sutured to Cooper’s ligament, the iliacus fascia
and the transversalis fascia with interrupted silk sutures. No recurrences were found

in 100 patients followed up for a minimum follow-up of eighteen months.""

During the same period Calne developed a technique for placing polyester mesh
behind the rectus muscle for the repair of bilateral groin hernias.’>? In this repair both
inguinal canals were opened via a transverse suprapubic incision then indirect sacs
were excised and direct sacs reduced. Dissection was continued in the extraperitoneal
plane on both sides with the internal oblique and transversus abdominis muscles
being displaced upwards. A piece of Mersilene mesh (10 x 20cm) was placed behind
the rectus muscles then tacked to the anterior superior iliac spine and the pubis
tubercle on each side. A continuous Mersilene suture was used to attach the mesh to
the inguinal ligament, with a small opening left for the cord. Medially the suture was
continued along the posterior border of the rectus sheath and then the conjoined
tendon and internal oblique/transversus abdominis muscles superiorly. The external
“oblique aponeuroses were then repaired. Twenty-six patients were subsequently
reported to have been followed up for more than one year after this type of repair and
a total of seven (13.5%) hernias were known to have recurred.'> Several patients
complained of an initial paraesthesia in the distribution of the lateral cutaneous nerve
of the thigh. This was thought to be due to trapping of the nerve by the suture along
the inguinal ligament. There was also evidence of reduced compliance of the lower

abdominal wall following this type of repair.

The term ‘preperitoneal prosthetic herniorrhaphy’ appears to have been coined by
Tinckler in 1968."°* He argued that, as the transversalis fascia was the layer that
became deficient, it was this layer to which the repair should be directed. Tinckler
was doubtful about the merits of a sutured repair of the transversalis fascia and so he
advocated a prosthetic repair using Marlex mesh. The mesh was placed via a lower
midline incision and sutured at the pubic tubercle, the superior pubic ramus, the
iliopubic tract lateral to the deep ring and to the anterior rectus sheath in the midline.
Three years after his original publication Tinckler produced a follow-up report that
155

included 217 inguinal hernia repairs, twenty-seven of which were recurrent hernias.

There were four (1.8%) recurrences, all of which occurred at an early stage in the
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series and may therefore have been related to a learning curve. Tinckler stated that

this type of repair was applicable to all types of inguinal hernia repair.

In 1975, Read reported a sutured repair with a relaxing incision via the preperitoneal
approach for all recurrent and direct hernias, plus some larger indirect hernias.®’ The
‘bucket handle’ relaxing incision was made across the width of the anterior rectus
sheath, five centimetres above the level of the skin incision. McVay stated that this
relaxing incision was inadequate as it was made at a level above the linea
semicircularis, where the posterior rectus sheath prevented adequate
translocation. ”®">’ In addressing this criticism Read developed a prosthetic
preperitoneal repair in which a Marlex mesh was ‘substituted’ for the relaxing
incision."”’ He reported a total of 194 preperitoneal repairs using Marlex mesh, the
majority of these repairs (72%) being for direct or recurrent defects. From this group
four recurrences (0.7%) were identified, occurring between five and thirteen months
after the repair. Two of the recurrences occurred after repair of a recurrent hernia.
Read subsequently reported the use of Marlex mesh, via a preperitoneal approach, in
the repair of eighty-three recurrent inguinal hernias.’”® With a mean follow-up of four
years he found a recurrence rate of 7%. This compared favourably with his previous
sutured repair with relaxing incision for which the recurrence rate was 24%, although
follow-up was longer with a mean of nine years."”® Read therefore recommended the

use of the preperitoneal Marlex repair for repair of large recurrent inguinal hernias.'*

1.13 The Stoppa repair

Stoppa was aware of Fruchard’s observation that, whatever the superficial emergence
of a groin hernia, they all pass through the inguinal wall within the myopectineal
orifice.’”” At the weakest area of this opening the transversalis fascia represents the
only structure resistant to the intra-abdominal pressure. Like Tinckler,”* Stoppa
decided that this was the best layer for repair of inguinal hernias, and he believed that
permanent cure could be assured by the use of synthetic mesh. Stoppa divided groin
hernias into two groups: congenital, caused by a persistent processus vaginalis, and
those caused by failure of the transversalis fascia. He argued that in the latter type an
irremediable loss of substance might necessitate the use of a prosthetic repair. This

situation was thought to be most apparent for patients with multiply recurrent hernias.
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Stoppa perceived his repair as an interposition of mesh that was able to adhere to the
neighbouring layers of the abdominal wall and provide permanent support for the
inguinal region.'® In order to do this the mesh must extend broadly beyond the
margins of the hernia defect in all directions. It was stated that, in keeping with
Pascal’s hydrostatic principle, if the mesh was large enough it would be held in place
by the abdominal pressures and therefore did not require fixation. In the repair first
developed by Stoppa the preperitoneal space was entered via a lower midline
incision."”” Small easily mobilised sacs were reduced, but larger and/or adherent sacs
were transected and the peritoneal defect repaired. The preperitoneal space was
opened widely to the level of the anterior superior iliac spines and the elements of the
cord were left on the pelvic wall. There was therefore no requirement to split the
mesh for their passage and this was thought to reduce the possibility of developing a
recurrence through the mesh. No attempt was made to repair the orifice of the defect.
Mersilene mesh was trimmed such that its width was the distance between the
anterior superior iliac spines minus two centimetres. The height of the mesh was
equal to the distance between the umbilicus and the pubis. The mesh was shaped like
a chevron which allowed the lower inferior angles to cover the obturator foramina,
and the superior convex border to fit the line of Douglas. The mesh was placed such
that it generously covered the margins of the hernial orifices and also protected the
midline incision. Stoppa referred to this repair as the ‘giant prosthetic reinforcement
of the visceral sac’ (GPRVS).

Stoppa stated that the preperitoneal approach to the groin had a number of
advantages. These included avoidance of scar tissue in recurrent hernia repair,
avoidance of superficial nerves and vessels with a resultant reduction in the incidence
of testicular atrophy and chronic pain, and no disturbance of the physiological
mechanisms protecting the inguinal canal.'®® Stoppa approached the preperitoneal
space through a lower midline incision, which allows simultaneous access to both
groins. He stated that the Pfannenstiel incision was time consuming and offered only
cosmetic advantages. Rignault, however, has argued that in addition to cosmesis the
Pfannenstiel incision gave better access to both inguinal regions and produced less
post-operative discomfort.'®' Stoppa was acutely aware of the potentially serious
consequences of septic complications in the GPRVS. He therefore felt that it should

not be used for all hernia repairs, but rather reserved for particular indications.
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These indications included patients older than fifty years, bilateral and recurrent
hernias, and complicated defects such as large inguino-scrotal hernias. Stoppa
initially advocated the routine use of this repair for patients over fifty years of age due
to the high incidence of subsequent contralateral hernia formation in this group.
However, in later discussions of the indications for the repair he was less emphatic on
this point and estimated that the GPRVS repair was only indicated in 20-25% of
inguinal hernias.'®* Initially Stoppa used antibiotic prophylaxis for the repair but
subsequently stopped this with no increase in infection rates.'® In a report on 604
preperitoneal prosthetic repairs Stoppa recorded a sepsis rate of 2.1% and a

haematoma rate of 3.2%.1°

With follow-up ranging between one and ten years he
reported a recurrence rate of 1.4% and no incidence of testicular atrophy. Stoppa
subsequently stated that the recurrence rate for the GPRVS in his unit fell with
increasing experience of the technique and by 1986 the recurrence rate was 0.56%.'®
Recurrences after prosthetic repair were considered to be due to technical errors and
therefore would appear during the early post-operative period. In keeping with this
Stoppa reported that all recurrences following GPRVS in his unit occurred within the

first year of the repair. A number of other surgeons have reported recurrence rates
ranging between 0% and 4% following the GPRVS repair.'**!¢%1°

The Stoppa repair has the disadvantage that it requires general or spinal anaesthesia,

and 1s much easier when the patient has been given muscle relaxants. For this reason
an anterior approach to the groin is still preferable when loco-regional anaesthesia is
compulsory.'®® Recurrence following a Stoppa repair is also easier to manage via an

anterior approach.'®'® In addition, Stoppa reported that re-operation for other pelvic
pathology is complicated by the presence of extensive scarring around the mesh.'®” It
was therefore suggested that prudent patient selection for GPRVS should exclude

those with urological or vascular pathology that may require an open pelvic

procedure.
1.14 Other methods of preperitoneal mesh repair

Rives described a unilateral preperitoneal prosthetic repair which involved a lower
midline approach and reduction or division of the hernial sacs as appropriate.'®* A

Mersilene mesh (10 x 10cm) was split and placed around the cord which, it was
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claimed, helped to secure the mesh in place. The prosthesis was then tacked to the
psoas muscle, the posterior aspect of rectus abdominis muscle and the pectineal
ligament. A suction drain was placed adjacent to the mesh. In the case of bilateral
hernias the same procedure was carried out on both sides. In 1983, Rives reported
five recurrences in eighty-four repairs (6%), and subsequently reported a further
series with one recurrence from twenty-seven repairs (3.7%).!** Stoppa criticised this
repair as he felt that fixation of the mesh increased the risk of damage to adjacent
structures and opening the mesh increased the risk of a recurrence through the

resulting defect.!®?

Wantz has also described a unilateral preperitoneal prosthetic repair.'®® This repair
was developed to allow out-patient preperitoneal repair and was intended for
recurrent hernias, primary hernias in the presence of collagen disease (eg. Ehlers-
Danlos syndrome, Marfan’s syndrome), and for situations where abdominal
distension was present (eg. ascites). The preperitoneal space was approached through
a transverse incision placed two to three centimetres below the level of the iliac crest.
The rectus sheath was then divided transversely to allow entry into the preperitoneal
space. A mesh (14 x 14cm) was placed in the space to cover the inguinal region, and
the upper border was tacked to the abdominal muscles above the level of the incision.
Of 358 repairs using this technique Wantz reported sixteen recurrences (4.4%).'®
Most of these recurrences were attributed to technical problems which were

addressed by extending the inferolateral margin of the mesh.

A further technique to allow the insertion of a unilateral mesh (10 x 15c¢m) into the
preperitoneal space via a three to four centimetre gridiron type incision has been
described by Ugahary and Simmermacher.'®” A randomised trial involving this repair
has been commenced but as yet there are no results available. Kugel has also
described a similar technique using a double layer of mesh and reported a recurrence
rate of 0.6% after a follow-up ranging between eleven and sixty-five months.'” It
was argued that these techniques offered the advantages of a minimally invasive

repair but did not require a general anaesthetic and had lower costs.

Repairs involving placement of prosthetic material in the preperitoneal space via an

inguinal approach have also been described. In the repair described by Rives the
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transversalis fascia was opened along the length of the inguinal canal and the
preperitoneal space was then developed.'”' A notch was cut in the inferolateral edge
of a mesh (10 x 10cm) to allow passage of the external iliac vessels. The mesh was
then sutured to the pectineal ligament and to the deep aspect of the broad muscles
using mattress sutures tied deep to the external oblique aponeurosis. A slit was
created laterally and the two limbs of mesh passed around the spermatic cord then
sutured laterally. The prosthesis was fixed inferiorly to the vascular sheath and
inguinal ligament to avoid leaving a vascular defect. The transversalis fascia was
closed in front of the prosthesis using a continuous suture and the external oblique
aponeurosis repaired in front of the cord. This repair was recommended for direct and
recurrent hernias. In a series of 720 Rives reported an infection rate of 1.6%, but none
of the infections required removal of the mesh. The overall recurrence rate was 1.9%,
with a rate of 1.3% for primary hernias.'’' Several other series have also reported
recurrence rates between 1 and 2% for this repair.'’' Horton and Florence reported
performing this repair under local anaesthesia with no early recurrence after an
average follow-up of fifteen months.'” Stoppa criticised the repair as it required
dissection of the cord and inguinal layers, which may be particularly difficult in
recurrent hernias. The prosthesis used was also felt to be of inadequate size. Stoppa’s

own experience with this repair was less consistent that that reported by Rives.'®’

Another technique to place preperitoneal mesh via an inguinal incision has recently
been described by Trabucco and Trabucco.'” This repair involves the placement of a
pre-shaped flat mesh through the deep ring. The mesh has a diameter of four

centimetres with a notch in one side and a central hole of one centimetre diameter to

sit around the cord. This repair has been used for small indirect inguinal hernias.

1.15 The development of laparoscopic repair

In 1977, with the laparoscopic management of indirect inguinal and femoral hernias
in mind, Ger began a study in which abdominal wall hernias were closed incidentally
during laparotomy for other intra-abdominal patholo gy.'’™* He subsequently published
a series of twelve patients, of which nine had inguinal hernias, two had umbilical
hernias and one had a femoral hernia.'” In each of these repairs the peritoneal sac

was left in situ and the neck closed with between two and ten stainless steel Michel
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clips. With a follow-up of eighteen to twenty-four months Ger reported one
recurrence In a patient with a direct inguinal hernia. He therefore stated that this
method was not appropriate for direct inguinal or large umbilical hernias. In 1979 a
special forceps was developed to allow placement of clips through a laparoscopic port
and, in 1982, Ger reported a patient who had ‘clipping’ of an indirect inguinal hernia
using these forceps.'” This was considered to be the first laparoscopic inguinal hernia
repair in a human and had not recurred after eight years follow-up.'’® During the
following decade Ger was involved in developing a multi-stapling device that could
be inserted via a 12mm laparoscopic cannula.'” When this stapler was fired the
staple points were crossed and this resulted in fibrosis of the involved tissue, which
helped 1n fixation of the repair. A study was then undertaken to assess the stapling
device in fifteen Beagle dogs with indirect inguinal hernias.'’® In the first three dogs
the clips were applied at open operation and then the following twelve dogs had clips
applied laparoscopically. The clips approximated the margins of the defect while
leaving a gap posteromedially for passage of the cord. In fourteen animals the hernias
were clinically repaired. Laparoscopic and histological assessment after several
weeks showed that, when properly placed, the clips migrated below the peritoneal
surface where they induced fibrosis. A smooth peritoneal surface was therefore left at
the site of the repair. In 1990, a clinical study was commenced which initially only
involved patients with small, primary indirect inguinal hernias, but with further
experience Ger also included patients with direct and recurrent hernias.'”” In these
repairs a mesh plug was inserted and the clips were then used to approximate the
margins of the defect over it. Ger reported thirty-one repairs in twenty-four patients
with four technical failures (retained hernias) and two recurrences, one of which
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occurred within five months.””™ Due to failure of the stapling device, which never

reached the production phase of development, Ger was forced to stop recruiting

patients after twenty months.'”

Ger stated that his technique had the advantages of requiring small wounds, no
dissection, and therefore less risk of injury to cord structures, and providing the
ability to perform the highest possible ligation of the sac.'” There was also less post-
operative discomfort and a faster return to normal activity, and the technique allowed

simultaneous repair of bilateral hernias.'” Ger also initially stated that there would be
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a lower risk of nerve injury, but subsequently recognised that there was a high

incidence of neuropathies following laparoscopic repair.'”*

Bogojavalensky has been credited with the first presentation of laparoscopic hernia
repair at a scientific meeting.'”® In 1989 he presented a video to the American
Association of Gynecological Laparoscopists which demonstrated the introduction of
a polypropylene mesh plug into an indirect inguinal sac, followed by oversewing of
the deep ring. Bogojavalensky later reported a recurrence rate of 13% at two years for
this repair.'”” Laparoscopic plug techniques were further developed by other surgeons
with poor results. Schultz et al. described a transabdominal approach to enter the
preperitoneal space and place polypropylene mesh into the hernial defect.'®® The
edges of the peritoneum were then re-approximated. High recurrence rates led to this
technique being abandoned.'®! Corbitt also described a laparoscopic plug and patch
repair, °> but later abandoned this having found recurrence rates of greater than 20%

at 2 years.'>> Many of these recurrences were attributed to concomitant hernias being

missed due to limited dissection.

Gazayerli described a laparoscopic version of the iliopubic tract repair of Nyhus et
al.'® Initially this involved the placement of mesh within the hernial defect and then

approximation of the transversalis fascia to the iliopubic tract over it. Later, the

sutured repair was performed first and this was then reinforced with a patch of

mesh.'®! Criticism of this repair was made because it involved placing the tissues

under tension.'®!

Rosin described a procedure for Nyhus type I and II defects in which the sac was
inverted and ligated with a PDS endoloop.'® Rather than being excised the sac was
left to obstruct the deep ring. In type II defects sutures were placed lateral to the
inverted sac to tighten the deep ring. Rosin reported the results of seventy-five type 1
hernias repaired in this way and, with a mean follow-up of sixteen months, no
recurrences were observed.'™ Repair of type II defects with this technique was
quickly abandoned due to high early recurrence rates. Closure of the deep ring using a
laparoscopic suturing technique was described by Geraghty et al in 1994.'*¢ In this
repair a hollow J-needle was introduced percutaneously and used to place three

sutures lateral to the cord to tighten the deep ring. No recurrences were reported from



58

twenty-five patients, although average follow-up was only 8.5 months and the size of

the defects repaired was not recorded.'®
1.16 The intraperitoneal onlay mesh technique

In 1991, Toy and Smoot described an intraperitoneal onlay mesh (IPOM) technique
in which a pneumoperitoneum was created and the laparoscope used to identify the

'*7 Having reduced the contents of the hernia into the

hernia defect(s) present.
peritoneal cavity, an expanded PTFE mesh was placed over the defect and fixed in
position using staples. Toy and Smoot found that recurrences occurred due to
disruption of the repair in the area of Cooper’s ligament. They therefore routinely
opened the peritoneum at the medial umbilical ligament to expose Cooper’s ligament

and the pubic tubercle.'®

This manoeuvre allowed more accurate placement of
staples in Cooper’s ligament. A review of 441 repairs using this technique reported a
recurrence rate of 3.8%, but follow-up was relatively short as only 21% of the repairs
had reached more than two years.'” The authors also reported a learning curve effect

as the recurrence rate after the surgeons had performed twenty-five repairs was

reduced to 0.39%.'% In 1994, Chan and co-workers reported forty-six IPOM repairs

for direct and indirect inguinal hernias using a polypropylene mesh (8 x 10cm).'”

Two recurrences (4.3%) were reported, although follow-up was again short with a

maximum of fifteen months. A multicentre review reported a recurrence rate for the

[POM repair of 5.1% after a mean follow-up of twenty-three months.'”"

In a randomised study comparing IPOM repair with conventional sutured repair Vogt
et al. reported less analgesic use and a faster return to normal activity in the
laparoscopic group.'”” They also reported one recurrence from thirty repairs after a
mean follow-up of eight months. However, in a subsequent paper on the same group

of patients, Kingley et al. reported that the recurrence rate had risen to 43% at a mean
follow-up of forty-one months.'”* This report concluded that the IPOM repair should

not be used for the repair of inguinal hernias.

Concern has also been expressed that intraperitoneal mesh will cause adhesion
formation, with subsequent bowel obstruction.'®! In their repairs Toy and Smoot used

expanded PTFE, which induces less tissue reaction than polypropylene.'*® However,
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Fitzgibbons et al. claimed that this may be a disadvantage as less inflammatory
reaction and fibrosis may impair the long term durability of the repair.'”* They
demonstrated that laparoscopic placement of polypropylene mesh produced less
adhesion formation than that placed at open laparotomy. Nevertheless, the use of
laparoscopy did not completely eliminate the formation of adhesions, and so the risk
of bowel obstruction remained. Attwood et al. compared the incidence of adhesion
formation from intraperitoncal and transabdominally placed extraperitoneal

1.'> They described a greater incidence of

polypropylene mesh in a porcine mode
adhesion formation in the intraperitoneal group, but the results did not reach
statistical significance. Vadar et al. have also reported a similar study in which they
showed that the incidence of adhesion formation was much greater in the

intraperitoneal group for three different types of mesh.'”
1.17 The transabdominal preperitoneal laparoscopic repair

Popp reported a small series of groin hernia repairs using a transabdominal approach
in women having laparoscopic procedures for gynaecological disease.'”™” In this
repair a patch of absorbable mesh was placed in the preperitoneal space to cover the
defect. Popp claimed that the mesh was held firm by the re-approximation of the
peritoneum and so he did not fix it in place. However, other surgeons expressed

concern over the risk of recurrence with this technique.**

In 1992, Arregui et al. reported the laparoscopic repair of sixty-one hernias using a
transabdominal preperitoneal (TAPP) technique.?®® In this repair, having created a
pneumoperitoneum, excision of the hernia sac allowed entry into the preperitoneal
space. The space was then developed using blunt dissection to expose the
transversalis fascia. For direct and recurrent hernias the defect in the transversalis
fascia was closed with a purse-string or running suture “without tension”. For indirect
hernias the deep ring was tightened with a single suture. A polypropylene mesh (6 x
11cm) was then trimmed to fit over the inguinal floor such that it covered all the
potential sites for inguinal or femoral hernia formation. Vicryl sutures were used to
tack the mesh laterally and supero-medially to the transversalis fascia/transversus
abdominus aponeurosis, and inferiorly to Cooper’s ligament. Arregui stated that

control of fixation depth and anchoring into Cooper’s ligament was more certain with
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suturing rather than stapling.'*' He did, however, recognise that suturing was more
cumbersome and time consuming than stapling, especially until a surgeon’s suturing
technique had been refined. Having fixed the mesh, the peritoneum was re-
approximated over the repair and the pneumoperitoneum released. Arregui and co-
workers claimed that this repair reduced post-operative pain and allowed an earlier

return to normal activity.**

Dion reported a series of sixty-three transabdominal repairs in which the peritoneum
was incised transversely above the inguinal defect.?'”? In the case of indirect
inguinal hernias the sac was transected to avoid trauma to the cord. The deep ring was
then tightened with prolene sutures and the peritoneum closed with clips. For direct
and recurrent hernias the peritoneal sac was reduced and a polypropylene mesh (12 x
7cm) was placed to cover the myopectineal orifice, with a lateral slit to accommodate
the cord. The mesh was fixed to Cooper’s ligament, the pubic tubercle and the
transversus abdominus aponeurosis/transversalis fascia. Staples were then used to
close the peritoneum. Dion noted that, when fixing the mesh lateral to the cord, the
staples should not be placed below the iliopubic tract to avoid causing neuralgia.
Corbitt also reported two patients who developed transient neuralgia in the
distribution of the lateral cutaneous nerve of thigh following TAPP repair.’?’ Both of
these patients symptoms resolved within a few weeks, but Corbitt again emphasised
that staples should not be placed below the iliopubic tract in the area lateral to the
deep ring. A number of series of TAPP repair for all types of inguinal and femoral

hernia subsequently appeared in the literature and the recurrence rates from these

studies are shown In Table 1.2. These series all involved the use of a single piece of

mesh to cover all of the potential areas of inguinal and femoral hernia formation.

In 1993, Felix reported a modification of the TAPP repair using a double layer of
polypropylene mesh.**° Having developed the preperitoneal space, the direct or
indirect sac was reduced and a mesh (10 x 15cm) was trimmed to an oval shape with
a slit made medially to accommodate the cord structures. Having passed the split part
of the mesh around the cord the wings were stapled to the iliopubic tract and
Cooper’s ligament. The upper part of the mesh was stapled to the transversalis fascia

and the lower part to the iliopubic tract. A second larger mesh was then placed over
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Table 1.2: Prospective non-randomised studies reporting the TAPP repair

Author Number Of Follow-Up Recurrence
Repairs

Arregui et al. (1992)*% 61 Mean 2.3 months 0
Corbitt (1993)'* 08 Mean 18 months 0
Geis et al.(1993)** 365 Range 6m to 30m 0.8%
Newman et al. (1993)*” 102 Not stated 1.0%
Wheeler (1993)°% 104 Median 10 months 0
Winchester et al. (1993)%7 40 Median 6 months 0
Brooks (1994)*% 43 Not stated 71.0%
Cornell et al. (1994)'” 69 Median 9m (Range 2-28m)  1.7%
Darzi et al. (1994)*% 126 Median 7m (Range 1-18m)  1.6%
Goodall (1994)*"° 60 Not stated 1.7%
Millikan et al. (1994)*"! 75 Mean 15 months 2.7%
Panton et al. (1994)*"2 85 Range Imto 12m 0
Deans et al. (1995)*" 800 Mean 14.1m (Ran. 6-14m)  1.2%
Davies et al. (1995)*" 300 Range 1yr to 3yr 1.7%
Fitzgibbons et al. (1995)""! 562 Median 23m (Ran. 15 -34m) 5.0%
Goodwin et al. (1995)*" 137 Mean 20 months 1.5%
Kald et al. (1995)*' 200 Median 12 months 3.5%
Kavic (1995)*" 164 Mean 24 months 1.2%
Wilson et al. (1995)*'® 142 Not stated 0

Birth et al. (1996)*" 1000 Range 2m to 36m 1.1%
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TABLE 1.2 (cont): Prospective Non-Randomised Studies Of The TAPP Repair

Author Number Of Follow-Up Recurrence
Repairs

Marappan et al. (19“96)220 107 Mean 8 months 3.8%
Sandbichler et al. (1996)**' 200 Mean 18.4m (Ran. 9-3Im)  0.5%
Velasco et al. (1996)* 50 12 months 6.0%
Cooper et al. (1997)22 72 Mean 21m (ran. 6-42m)  13.8%
Leroy et al. (1997)** 920 Minimum 4 years 1.4%
Litwin et al. (1997)*% 554 Mean 14 months 0

Zeidan et al. (1997)%% 103 Mean 18.3 months 1.0%
Kiruparan et al. (1998)*" 215 Median 2.5yr (Ran. 1-4yr)  1.4%
Liebl et al. (1998)** 2700 Median 26m (ran. 11-58m)  1.0%

Hernandez-Richter
et al. (1999)*% 1000 Mean 12 months 0.7%
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the first to cover Hesselbach’s triangle and form a flap over the deep ring. This was
intended to prevent recurrence through the split in the first mesh. The second mesh
was also stapled in place and the peritoneum was closed with a continuous suture.
After Felix’s first 100 repairs, fourteen of which were a plug and patch repair and
eighty-six the ‘double buttress’ repair, there were no early recurrences.””’ The same
surgeons subsequently reported low recurrence rates (<1%) for recurrent hernias
using either this transabdominal technique or a totally extraperitoneal approach.**'#*
In a review of their first 1,336 preperitoneal repairs using the TAPP (60%) or TEP
(40%) procedures Felix et al. reported five recurrences (0.37%).2* All of these
recurrences presented within six months of repair and were thought to be due to
technical errors. 2.4% of patients had required further surgery following their initial
repair. Five of these were for recurrence, and other indications included organised

seroma, hydrocoele, chronic groin pain, small bowel obstruction, small bowel injury

and port site hernia.

Newman et al. used a visual analogue scale to record pain following their first 102
consecutive TAPP repairs.””” They found that 51% of patients reported ‘minimal’
pain or ‘no pain’ at twenty-four hours, and by one week 93% of patients were pain
free. One early recurrence was recorded, which was identified within seven days of
surgery. In this case the mesh had become detached from Cooper’s ligament. Kald et
al. described 200 TAPP repairs for groin hernia in which the mesh was initially
tailored according to the size of the hernia orifice.?’® They found a relatively high
early recurrence rate (3.5% at twelve months) which was attributed to the dimensions

of the mesh being too small. Having modified the technique to use a standard 7cm x
12cm mesh for all repairs Kald et al. found a reduction in early recurrences. The same
authors subsequently published their results for the repair of 100 consecutive
recurrent inguinal hernias.”? Eighty-two of these patients had a TAPP repair using
7x12cm polypropylene mesh, and eighteen a totally extraperitoneal repair using a

10x15cm mesh. In this series there were two early recurrences at a median follow-up
of 20 months.



1.18 The totally extraperitoneal laparoscopic repair

The totally extraperitoneal (TEP) laparoscopic repair is based on the principles of the
open preperitonecal mesh repair. The procedure is performed entirely within the
preperitoneal space and is therefore thought to reduce the risk of intraoperative
vascular and visceral injury. The risk of adhesion formation 1s also thought to be less
following this type of repair although there is experimental”* and clinical

233236 that adhesion formation may still occur following totally

evidence
extraperitoneal dissection. The TEP repair was popularised in France by Dulucq and
Begin,>’ and was subsequently described in the USA by Ferzli et al*® and by
McKernan and Laws.**??* Following this there have been a number of reports of

TEP repair in the literature (Table 1.3).

The technique of the TEP repair i1s described in Chapter Two. Although insufflation
of the preperitoneal space may be performed using a Veress needle, open dissection
of the preperitoneal space below the umbilicus followed by insertion of a blunt port is
considered to have less risk of visceral or vascular injury.>**** Before insertion of the
port the extraperitoneal space may be further developed by blunt dissection using a
finger or other instrument such as a metal rod.*>* It is also possible to develop the
preperitoneal space using a commercially available balloon dissection device,?*%44%
or a modification of this technique such as using a Foley catheter.”® Use of the
balloon dissection device has, however, been associated with a number of potential
complications. Damage to small vessels in the preperitoneal space may cause
bleeding, with significant impairment of the view obtained with the laparoscope.

Tearing of the peritoneum has also been reported®***’

and the resulting
pneumoperitoneum often leads to loss of the working space and conversion to another
type of repair.’**#***** Pneumoperitoneum also causes severe pain for patients having
TEP repair under epidural anaesthesia.”*® Ramshaw’s group have described small
bowel injury and bladder injury while using the balloon dissection device.?**#*° Use

of a commercial balloon dissection device also increases theatre costs for the TEP

repair.®®

Stoppa emphasised that a large interposition of prosthetic mesh should be used in the
GPRVS repair. ® This allowed the mesh to hold against the neighbouring tissue



Table 1.3: Prospective non-randomised studies reporting the TEP repair
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Author Number Of Follow-Up Recurrence
Repairs
Begin (1993)*’ 200 Maximum 22 months 0.5%
Cable et al. (1994)** 40 Not stated 0
Kieturakis et al. (1994)"* 150 Mean 6.3 months 2.0%
McKernan (1995)** 250 Mean 18 months 0.4%
Voeller (1995)** 300 Not stated 0
Dulucq (1996)*% 864 Not stated 0.3%
Kakkis et al. (1996)"*° 67 Mean 6 months 0
Vanclooster et al. (1996)**" 195 Minimum 6 months 0
Heithold, et al. (1997)**° 503 Not stated 0.4%
Topal et al. (1997)** 632 12 months 0.3%
Ferzli et al. (1998)*° 512 Mean 38m (Ran. 6-66m)  1.7%
Knook et al. (1999)*! 221 Mean 40.4 months 5.9%
Aeberhard et al. (1999)** 1605 12 months 1.6%
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layers and provided immediate support of the inguinal wall. There was therefore no
requirement for fixation of the mesh. Early laparoscopic hernia repairs involved the
use of a relatively small mesh, which was stapled to the surrounding tissues to
prevent migration or prolapse into the hernial defect. In a study of 1atrogenic
abdominal wall defects created in the dog model, Dion et al. demonstrated that the
bursting strength was greater at two days, two weeks and two months using sixteen
compared with four staples.?®' However, a number of problems were associated with
the use of a relatively small mesh staples in early laparoscopic repairs. Deans et al.
described their findings on re-operation in ten patients who had a recurrence
following laparoscopic repair.”® In each case the medial edge of the mesh had rolled
laterally and it was concluded that a larger area of mesh should be used (9cm x
13cm). It was also recommended that the surgeon should ensure that the medial edge
of the mesh covered at least to the midline, and that the mesh be stapled to the pubic
ramus. Lowham et al. also analysed the cause of recurrence following laparoscopic
repair and recommended the use of a larger mesh size (10-15cm x 10-15¢m), which
should be adequately fixed in place.’®® Lowham et al. also recommended that the
mesh should overlap the margins of the defect by at least two centimetres if stapled,
and three centimetres if it is not fixed in place. Therefore use of a larger mesh size
would reduce the number of repairs that required to be stapled. Leibl et al. have also
recommended that the mesh should measure at least 10cm x 15¢cm, and that it should
overlap the margins of the defect by at least three centimetres.® Stapling of the mesh
was a source of significant morbidity in early laparoscopic inguinal hernia repair and
a large number of reports have described nerve injury caused by the use of
staples,!?040°400209.212.217,221,224,227,231,242,249.259.264-267 11y addition, the use of a stapler
significantly increases the equipment costs of the procedure.’’’ Dunn described the
use of a single suture to fix a the mesh to Cooper’s ligament, which eliminated the
cost of a stapler from the procedure.”®® From fifty-three repairs using this technique
only one recurrence, which presented immediately, occurred within the first year.

Knook et al. have reported the results of 221 primary and recurrent inguinal hernias

251

repaired with a 10cm x 15 cm mesh that was not fixed in place.”" With a mean

follow-up of 40.4 months the recurrence rate for primary hernia repair was 3.2%, and
that for recurrent hernia repair was 20%. In all six patients who were re-operated the
mesh had rolled laterally. Knook et al. stated that, in recurrent hernia repair, fixation

of the mesh might reduce the incidence of further recurrence. However, as stapling is
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associated with a risk of neurovascular injury, they suggested that use of a larger size
of prosthesis for recurrent hernia repair may be preferable.”’’ Topal and Hourlay have
described the use of an un-fixed 17cm x 12cm mesh with no recurrences after twelve
months follow-up.?*” However, as pointed out by MaclIntyre, not every groin will
accommodate such a large piece of mesh, and accurate placement of a mesh of this
size increases the technical challenge of the procedure.”®® Ferzli et al. have reported a
randomised comparison of fifty patients with a primary inguinal hernia having TEP
repair with or without staple fixation of the mesh.?”® In the stapled group, a total of
four staples were placed at the symphysis pubis, Cooper’s ligament and the
transversus abdominus. With a mean follow-up of eight months there were no

recurrences or complications recorded in either group.

The use of two separate pieces of mesh in the repair of bilateral hernias has been
thought to increase the risk of medial recurrence.?'” Deans et al. reported the use of a
single mesh (28 x 10cm) for laparoscopic repair of bilateral inguinal hernias — the
‘bikini mesh’ repair.?’' This repair was modelled on the open preperitoneal mesh
repair described by Calne.'”* The mesh was stapled to the pubic ramus on either side
to prevent it rolling upwards as it crossed the midline. The median operation time in
this series was forty-three minutes and median hospital stay was one day. At a median
follow-up of eighteen months no recurrences had been identified. Knook et al
reported a retrospective study of their experience with the TEP repair for bilateral
inguinal hernias.””* In the first seventeen patients a 30cm x 10cm polypropylene mesh
was used with a relatively high early recurrence rate (17.6%), most of which occurred
medially. For the next eighty-one patients in the series a ‘slip mesh’ was used with a
reduction 1n the incidence of early recurrence (1.2%). This mesh was cut such that 1t
was 10cm in breadth laterally and 15cm in breadth in the medial area of the repair.

For this series the median operation time was sixty minutes and the median hospital

stay was one day.
1.19 Laparoscopic re-operation for recurrent laparoscopic repair
Several groups have reported successful laparoscopic re-operation for recurrence

following previous laparoscopic repair of a groin hernia, although it has been
recommended that this can only be done using the TAPP technique.?"?**#" Deans et



68

al. reported the repair of ten recurrences that were all direct.”"” In each case a further
mesh was placed over the original one and fixed with staples to the pubic ramus
medially and to the original mesh laterally. Knook et al. also reported thirty-four
laparoscopic repatrs of laparoscopic recurrence with a mean operation time of sixty-
nine minutes.”” Liebl and co-workers reported a different technique for the TAPP
repair of indirect recurrences.’® For direct recurrences they used the same technique

2P with a minimum overlap of the defect of three

as described by Deans et al
centimetres and staple fixation of the mesh. For lateral recurrences an en-bloc
mobilisation of the peritoneum and prosthesis was performed to expose the deep ring.
The new mesh was then placed anterior to the original one. From forty-six procedures
there were two patients who suffered bladder injury and one patient who developed
testicular atrophy. At a median follow-up of twenty-six months no recurrences had

been identified.
1.20 Non-randomised comparisons of laparoscopic repairs

There have been several reports of non-randomised series to compare the outcome
following TAPP and TEP repair (Table 1.4). Sayad et al., in a review of the reported
literature from non-randomised trials, found a lower incidence of morbidity and
recurrence following the TEP repair compared with the TAPP repair.?”” However, the
value of these comparisons is debatable as, in most of the series, the TAPP and TEP
repairs were performed sequentially. The surgeon’s experience of laparoscopic hernia
repair was therefore greater when commencing the TEP repairs. The length of follow-
up was also usually shorter for the TEP repair group. Several of the reported
multicentre series also appear to include the same patients.'”'#"**"> Khoury reported
that patients recorded significantly lower pain scores and were discharged earlier

following TEP repair compared with TAPP repair.*’
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1.21 The learning curve for laparoscopic surgery

Laparoscopic procedures may be a simple modification of the open procedure
whereby the principles of the operation remain the same, but are achieved using
laparoscopic techniques. The most common procedure of this type is laparoscopic
cholecystectomy, which has rapidly become the technique of choice for cholelithiasis.
In contrast, other laparoscopic procedures may involve approach with which the
surgeon is not entirely familiar. This is often the case with inguinal hernmia repair
because surgeons have generally used an anterior inguinal approach for the majority,
if not all, of their open repairs. Therefore, the pre-peritoneal anatomy encountered
while performing the common laparoscopic types of repair may initially be unfamiliar
to the surgeon. In addition, the fact that a surgeon has ample experience in one
particular area of laparoscopic surgery does not mean that they will be able to operate

in other areas without appropriate training.**

Following the advent of laparoscopic cholecystectomy™® *** surgeons found
themselves under pressure from both the popular press and their patients to take up
laparoscopic techniques. Formal teaching often took the form of intensive courses
over one or two days, after which time the surgeons took up the procedures within

their own practice. See et al. recognised that anecdotal evidence suggested a relatively

%3 A study was

high rate of complications in the early period after these courses.
therefore performed to identify the predictors of surgical complications following a
course in urological laparoscopic surgery. At three months there was a significant
inverse correlation between a surgeons complication rate and the number of
laparoscopic procedures performed. Of several other independent variables examined
only further post-course training was a significant predictor of lower complication
rates in the first three months. At twelve months there was again a significant inverse
correlation between the number of procedures performed and the incidence of
complications. At this stage analysis of the other independent variables demonstrated
that attendance at the course alone (vs. with a colleague), practice setting (solo vs.
group) and the type of surgical assistant (variable vs. same) were all significantly
correlated with a higher rate of complications. Post-course training and sub-

specialisation did not correlate with increased complication rates at twelve months.

See et al. suggested that the effect of additional training was to move the individual



72

surgeon’s position along the learning curve.’® This effect is most pronounced in the
early clinical period following training and by twelve months the benefit is obviated
by the additional clinical experience that had been gained by those surgeons who had
not sought further training. The other risk factors identified at twelve months were
thought to suggest that an association with other surgeons skilled in laparoscopic

techniques is important in decreasing risk.

The effect of the learning curve has been demonstrated for a large number of
laparoscopic procedures performed in general surgery. Review of the literature on
bile duct injury following open cholecystectomy showed an incidence between 0%
and 0.5%.%** With the introduction of laparoscopic cholecystectomy there was an
increase in the incidence of bile duct injuries. This was perhaps most dramatically
illustrated by the increased number of referrals to specialist hepato-biliary units for
management of bile duct injuries.?*>*"® In the Southern Surgeons Club series the bile
duct injury rate in each groups first thirteen patients 2.2%, compared with 0.1% for
subsequent patients.”*’ The national survey of hospitals in the USA showed that the
average bile duct injury rate was 0.65% in institutions that performed less than 100

cases per year, compared with 0.42% at hospitals where more than 100 cases were

performed per year.**

Watson and colleagues have analysed the overall learning
curve for laparoscopic fundoplication for a group of eleven surgeons, and also the
curve for each individual surgeon.”®” They found that the complication rate, number
of re-operations and conversion rate were all higher in the first fifty cases done by the
group as a whole. These rates were also higher for each individual surgeon in their
first twenty cases. Watson et al. also reported that the incidence of adverse outcomes
was lower for surgeons who began fundoplication later in the overall experience of
the group.”* This is presumably because experienced supervision was available and
is in keeping with the observations of See et al.**” The learning curve for laparoscopic
colonic surgery has been assessed by a number of groups who have demonstrated a
reduction In operation time, complication rates and hospital stay as the surgeon

progresses along the learning curve.?”***> The consensus from these studies is that the

learning curve for laparoscopic colon resection is between thirty-five and fifty cases.
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1.22 The learning curve for laparoscopic hernia repair

The Conventional Anterior versus Laparoscopic Hernia Repair (COALA) Trial from
the Netherlands has examined the TEP repair for inguinal hernias.*”***® This trial
studied the learning curve for four surgeons who were introduced to the TEP repair
under the guidance of surgeons already familiar with the technique.”*® Supervision
continued until both the trainer and trainee felt that they were competent to perform
the procedure alone. The four surgeons performed a total of thirty consecutive
inguinal hernia repairs each. There was a reduction in the median operation time of
twenty minutes between cases 1-10 and cases 21-30. Similarly, in a randomised trial
of open versus TAPP repair, Stoker et al. reported a reduction in median operating

time from sixty minutes for cases 1-20 to thirty minutes for cases 56-75.%"7

Within the COALA tnal there was a total of ten conversions (8%), three being
converted to a TAPP repair and the other seven to an open procedure.””® The most
common reason for conversion was the creation of a peritoneal defect with resulting
pneumoperitoneum. This did, however, occur in thirty-three cases (28%) in the study
and in only six (5%) was conversion to another type of repair necessary. The other
reasons for conversion were difficult lateral dissection (two cases), difficulty in
defining the anatomy (one case) and major bleeding from epigastric vessels (one
case). Other authors who have used the totally extra-peritoneal approach have also

reported the difficulties created by causing a tear in the peritoneum.***"

The COALA Trial reported a total of ten recurrences in the one hundred and seven
patients who had reached the six-month review period.”*® This represented an
actuarial recurrence rate of 10% at six months. In those patients who had re-operation
the reasons for recurrence were reported as follows: poor positioning of the mesh
(three cases), a missed indirect sac (three cases), failure to separate the cord from the

sac adequately (two cases). It was therefore felt that most of the recurrences were due

l.,233

to surgical errors. In keeping with the observations of See et a it was found that

the greatest number of early recurrences had occurred with a surgeon who had
received less support from an experienced colleague than the others had received.?®
A fall in recurrence rates with increasing experience of the laparoscopic hernia repair

has also been reported by other studies. Toy and co-workers reported seventeen
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recurrences (3.8%) following repair of 441 hernias using the ePTFE peritoneal onlay
technique.'® With the completion of twenty-five cases per surgeon the recurrence
rate fell to 0.39%. In 1993, Fitzgibbons et al. published the results of a multi-centre
study of laparoscopic inguinal hernia repair which included three different
procedures: the TAPP repair, the TEP repair, and the intraperitoneal onlay
,techniquei.”’1 With a median follow-up of twenty-one months the overall recurrence
rate in the study was 4.5%. A learning curve effect was identified with the highest
recurrence rate occurring in the surgeon’s first ten cases. There was a subsequent

downward trend in the incidence of recurrence over the next forty cases.
1.23 Mini hernia repair

Darzi and colleagues have argued that, with recurrence rates less than 1%, the
Lichtenstein repair should provide the standard against which other repairs are
measured.””® They did, however, recognised that the laparoscopic repairs have been
reported to offer short-term advantages such as less post-operative pain and an earlier
return to normal activity. In an effort to combine the advantages of the two types of
repair Darzi et al. proposed the ‘mini’ hernia repair.*”*>% This was essentially a
Lichtenstein repair performed via a two-centimetre groin incision, using a fan
retractor and laparoscopic equipment to place the mesh. The procedure may be
performed under general or local anaesthesia. In 1997, Darzi and Nduka reported the
results of eighty-five primary inguinal hernia repairs using this technique.’”” The
mean operation time was forty-two minutes and mean hospital stay was 1.2 days. The
mean time for return to normal activity was eight days and, with a maximum follow-

up of twenty-two months, two recurrences (2.4%) had been identified.

Cuschieri’s group have developed a tension-free repair via a percutaneous endoscopic
external ring (PEER) approach.’®'~% This repair was also designed to reproduce the
advantages of an open mesh hernioplasty while retaining the early outcome
advantages of a laparoscopic repair. The repair has been performed for patients with
primary inguinal hernias and can be done under local, regional or general anaesthesia.
A specially designed retractor was used to perform a Lichtenstein or mesh plug repair
via a 2.5¢m incision. In the mesh plug technique the prosthesis was fixed with fibrin

glue or interrupted sutures. For moderate to large direct defects an onlay patch was
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added, but this was not fixed with sutures or staples. Ko et al. described sixty PEER
repairs using a Lichtenstein technique and, with a mean follow-up of twelve months,
they found one bilateral recurrence.”®' In a later report thirty-seven patients who had
either the Lichtenstein repair or a mesh plug repair were described.’”* In this series
there were two conversions to open repair and one recurrence, which presented in the
immediate post-operative period after a mesh plug repair of a direct defect. The
median duration of post-operative pain was six days and the median time for return to

normal activity was fourteen days.
1.24 Complications associated with laparoscopic repair

The introduction of laparoscopic hernia repair has presented a number of
complications that were uncommon with open repair, or are specific to the
laparoscopic approach. These complications include visceral injury, small bowel

obstruction, port site hernia and subcutaneous emphysema.

Injuries to bowel and bladder have been reported during TAPP and TEP groin hernia
repair, '’ 1 2004142428231259.274.215 These complications may require conversion to

’ or may be repaired laparoscopically.!?'2%-2122288 gmall bowel and

laparotomy,*
bladder injuries have also been reported during balloon dissection of the preperitoneal
space for TEP repair.****? Three of the four patients with these complications had a
past history of lower abdominal surgery and so Heithold et al. suggested that previous

lower abdominal surgery was a relative contraindication to the TEP repair.***

Small bowel obstruction has been reported in up to 1% of TAPP

e 209.214216,224226,231,267,274275
repairs,209214:216.224.226.231.2612

and can also occur, although less commonly,
following TEP repair.>>**® Small bowel obstruction following TAPP repair may be
precipitated by an inadequate closure of the peritoneal defect over the repair. Where
staples are used to close the defect a “shower curtain’ effect can occur when the edges
of the peritoncum hang down between the clips. The bowel may then herniate
between the staples and become adherent to the underlying mesh.’2742"5 Adhesions
can also form onto the staples with resulting obstruction due to formation of an

internal hernia.?'®*®" Trocar site hernias have been reported following TAPP

repair,.m’z""216’22(""22"’225’23‘7"259’275’276 and these may cause small bowel
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obstruction.?!'**°#*™ Use of the TEP approach was expected to minimise small bowel
complications, as the peritoneal cavity is not opened, but obstructive complications
have also been reported following this approach.>#*° It is thought that in TEP repair
the bowel can still be exposed to the mesh if the peritoneal defect is not closed
following transection of the cord,”® or if any peritoneal tear created during the
dissection is not repaired. In addition, Halverson et al. demonstrated that
preperitoneal dissection in the murine model can result in adhesion formation.>* It
was postulated that adhesion formation was precipitated by devascularization of the

peritoneal tissue.

Pneumoscrotum has been reported following laparoscopic repair and this settled
rapidly without causing any significant problems.>*> Extensive surgical emphysema
extending up to the neck and face during TEP repair has been described.’™ This
resulted in a sudden large rise in the patient’s end-tidal carbon dioxide level but no
haemodynamic changes were observed. The carbon dioxide level was reduced to
within the normal range by hyperventilation and the procedure completed. The
subcutanecous emphysema persisted for a further twenty-four hours, but the patient
did not suffer any adverse effects. The preperitoneal space had been insufflated to 14-
18mmHg during this case and it was felt that this relatively high pressure might have
contributed to the development of surgical emphysema. McKernan and Laws have
recommended that the insufflation pressure for the TEP repair be kept below
12mmHg to reduce the risk of this complication.?*’

1.25 Mesh infection and mesh rejection

Gilbert and Felton reported that, following inguinal hernia repair, over 70% of wound
infections occurred in patients greater than sixty years of age.””> The incidence of
wound infection remained about 1% whether or not prophylactic antibiotics were
used. There was also no difference in the incidence of clinical signs and symptoms of
infection when mesh was used for the repair. Foschi et al. stated that the incidence of
mesh infection is lower following laparoscopic repair because the port sites are

distant from the mesh.>%

. o 2 07,303 <
laparoscopic repair’’ 1 #3428474 and 1n one case was reported to have caused

272

Mesh infection has, however, been described following

necrotising fasciitis.”’ Acute post-operative wound infection involving the mesh
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layer has been found to settle rapidly with surgical drainage and antibiotic therapy as
appropriate.>*!'"~% Removal of the mesh is therefore not normally required in this
situation.”***% Glassow has reported that patients who developed a wound infection
had a greater incidence of recurrence following Shouldice repair.’” Gilbert and
Felton have suggested that this may not be the case following acute infection of a
mesh hernia repair.’® They reported no recurrence after follow-up of between one

and three years in twenty-one patients who had acute infection of a mesh repair.

Leber et al. reported a 5.9% incidence of chronic infection and sinus formation

310 The incidence of chronic

following mesh repair of incisional hernias.
complications was found to be related to the type of mesh used for the repair.
Mersilene had a much higher incidence of complications than other types of mesh
such as Prolene and Marlex. The incidence of chronic mesh infection has been
reported to be less than 1% following open'?’ or laparoscopic'?'??**?7 inguinal hernia
repair. In a review of chronic mesh infection following inguinal hernia repair Taylor
and O’Dwyer reported that the majority of cases were initially managed with surgical
drainage, as appropriate, and antibiotics.”'' In all of the cases reviewed the sepsis

failed to settle and complete or partial excision of the mesh was required.!!’%-1!

Kaufman was the first to report the formation of an enterocutaneous fistula following
placement of mesh in the peritoneal cavity.’'* Leber et al. subsequently reported a
3.5% incidence of this complication after prosthetic incisional hernia repair.’"
Weitzel at al. have reported a colocutaneous fistula caused by migration of a metallic
mesh placed twenty years before for bilateral inguinal hernias.!®® In addition, the

formation of a colovesical fistula following a TAPP inguinal hernia repair has been
described by Gray et al.’"? In this report it was stated that the peritoneum had not
been closed properly at the end of the repair and this had allowed the sigmoid colon
to become adherent to the mesh. At cystoscopy the mesh was found to have eroded
through the bladder wall.

The reported incidence of mesh rejection following inguinal hernia repair is very
low.'*>!** Foschi et al. have reported a case that presented three years following
TAPP repair of an inguinal hernia.>* At laparotomy the mesh was remove along with

the surrounding necrotic tissue. The late mesh rejection following laparoscopic groin
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hernia repair was claimed to have created a specific clinical picture and Foschi et al.

suggested that this be termed ‘chronic meshoma’.”*

1.26 Chronic pain following inguinal hernia repair

Chronic pain following inguinal hernia repair is of importance as it has both
economic and lifestyle implications for the patient, and economic implications for
society. A high intensity of post-operative pain has been associated with the
development of chronic pain after procedures such as leg amputation and
thoracotomy.”'* Callesen et al. reported that chronic pain following inguinal hernia
repair was correlated with the cumulative pain scores recorded daily over the first
week after operation and at four weeks after the procedure.”” The incidence of
chronic pain was also greater following recurrent hernia repair compared with that
following primary inguinal hernia repair. The mechanism of chronic pain is not clear.
It has been suggested that severe initial pain, which may be due to nerve injury at the

time of operation, induces neuropathic changes within the central nervous system.”"

In a review of patients who had undergone either Bassini, McVay or Shouldice repair
Cunningham et al. reported an 11.9% incidence of moderate to severe pain at one
year, and 10.6% incidence at two years.”'® The type of repair performed did not
influence the incidence of chronic pain. In a report on long-term follow-up following
modified Bassini repair, Shouldice repair and herniotomy with tightening of the deep

ring Beets et al. reported chronic pain in 3.7%, 0% and 4.4% of patients

respectively.’!’ Millikan et al. found a 25.5% incidence of pain lasting an average of
eight months in a group of patients having Bassini, Shouldice or Lichtenstein
repair.’'' Callesen et al. reported a similar incidence of chronic wound pain following
conventional sutured types of repair and primary mesh repair.>'® In a review of 5506
inguinal and femoral hernia repairs performed over a one year period in Scotland,

Hair and co-workers reported a 3% incidence of severe/very severe pain at three

months follow-up.’"?

Lichtenstein stated that the cause of chronic pain following inguinal hernia repair was
ligation or crushing of sensory nerves.”*® He therefore advocated prosthetic tension-

free repair as it was claimed to allow preservation of all of the sensory nerves in the
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groin. However, several reports of outcome following open prosthetic repair have
recorded the presence chronic groin pain.'*”"'**!**~*! Heise and Starling reported a
series of twenty patients who had groin exploration for chronic pain following
prosthetic inguinal hernia repair.”** They concluded that the presence of mesh caused
chronic groin pain, and that the condition was non-specific as to which nerve was
trapped. Heise and Starling suggested that the incidence of chronic groin pain due to
mesh could increase rapidly with the expansion in use of prosthetic inguinal hernia

repair.”*

It is not clear whether or nor elective division of the ilio-inguinal nerve influences the
incidence of chronic pain following inguinal hernia repair. In a review of 100 patients
from the Shouldice Clinic who developed chronic pain the operative protocols
showed that the ilio-inguinal and 1lio-hypogastric nerves had been carefully preserved
in 90% of cases.”*> Wantz reported that chronic pain was not seen following division
of the ilio-inguinal nerve in 546 cases, but was seen in patients in whom the nerve

had been carefully preserved.”** Pappalardo et al. reported that of 180 anterior

prosthetic repairs with elective division of the 1lio-hypogastric nerve none developed

325 After two years follow-up 1% of the patients still had an area of

chronic pain.
reduced sensation, but none of them considered it incapacitating. Neurectomy of the
ilio-hypogastric nerve was therefore considered a useful step in preventing persistent
post-operative pain. In contrast to these reports the Canadian Co-operative Hernia
Study found that transection of the ilio-inguinal, ilio-hypogastric or genito-femoral
nerves had no influence on the incidence of chronic pain.’'® In a small randomised
study of nerve preservation or division in twenty patients having bilateral primary
inguinal hernia repair Ravichandran et al. reported no significant difference in the
incidence of chronic pain at six months follow-up.’*® In this study there was also a
relatively low incidence (15%) of complaints of numbness over the area supplied by

the divided nerve.

Injury to the ilio-inguinal, 1lio-hypogastric and genital branch of the genito-femoral
nerve are recognised to occur in 1-2% of open anterior inguinal hernia
repairs.’”*>*""** As the nerves affected in open inguinal hernia repair lie in a plane
superficial to the preperitoneal dissection, it was thought that the incidence of nerve

injury would be less following laparoscopic repair.'” However, although the
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incidence of injury to the ilio-inguinal, ilio-hypogastric and genital branch of the
genito-femoral nerve has decreased, a further group of nerves not usually injured in
the anterior repair have been found to be at risk during the laparoscopic repair.’*’~>°
The femoral branch of the genito-femoral nerve, the lateral cutaneous nerve of the
thigh and the femoral nerve lic in the infero-lateral area of the dissection during
laparoscopic inguinal hernia repair. Kraus therefore stated that, in order to avoid
nerve injury, the lower lateral part of the mesh should not be stapled routinely.’*” This
point was reiterated by <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>