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Foreword

The famous statement of Edoardo Bassini still appears very relevant. Is it useful to
talk about hernia today? Is it useful to dedicate to hernia repair, a so-called minor
surgery, a biennial report at SIC? In my opinion the answer is “yes, it is necessary”.
Hernia is not a minor pathology. It requires a deep knowledge of surgical anatomy
and a high level of surgical skill to master all the different existing procedures.

I believe that very few topics have attracted as much attention as the treatment of
hernia over the last 25 years. Twenty-five years ago hernia repair required a middle-
to-long hospital stay (8-10 days) and had a high rate of recurrences. Moreover, only
two or three standardized procedures were available and very few companies were
interested in investing money in this field. Today, hernia is treated on an outpatient
basis, the recurrence rate is very low, and surgeons can choose from dozens of pro-
cedures and more or less new materials and devices that reach the market every day.

New problems have emerged as well, such as recurrence after hernia repair with
mesh, prosthesis infection and rejection, postoperative neuralgia and other condi-
tions. These are only a few of the downsides that this revolution has brought, which
has resulted in many surgeons dedicating themselves to the study and treatment of
hernia.

Prof. Giampiero Campanelli is one of these surgeons. He has dedicated himself
to this condition since he was young and he has acquired the experience, skill and
knowledge of surgical anatomy that put him in the limelight of many national and
international surgical societies to the point that he became President of the Euro-
pean Hernia Society.

In this context, I believe Prof. Campanelli is undoubtedly the best suited to deal
with such a delicate and complex issue. I would like to thank Prof. Campanelli and
his expert collaborators for the contribution delivered to this congress.

I would also like to thank Springer, as always and more than ever, for their
organizational effectiveness and editorial expertise in assisting in all the reports of
Italian Society of Surgery.

Rome, September 2016 Francesco Corcione
President, Italian Society of Surgery



Preface

Our clinical experience, mainly focused on the study and surgical repair of
abdominal wall defects (from the simplest to the most complex, from the
most common to the rarest), started in the first half of the 80s, even before the
introduction of modern prosthetic materials.

In the following years, with the advent of implants (meshes and plugs), many
new surgical techniques were proposed and tested worldwide for the treatment
of abdominal hernias, some of them performed with traditional laparotomy,
others with laparoscopy or even with robotic surgery, reflecting the technological
advances which we have witnessed in the last 30 years.

During all these years we made ourselves global promoters of this amazing
surgical discipline, one that today fully deserves to be defined as highly specialized,
a nascent art that requires great professional and intellectual dedication to be
understood in its vastness and depth.

This exciting scientific endeavor led us soon to consider, among other aspects,
that we cannot limit ourselves to adopting one standardized operating procedure
for all patients with the same type of hernia, but, on the contrary, we must
distinguish the different indications and most appropriate treatment options for
each individual case and for each single patient.

For these reasons we like to define this surgery as a “tailored surgery”.

Of course, in the “international” light of the guidelines that we have contributed
to realize in these years we can state, without doubt, that for the routine repair of
daily primary uncomplicated inguinal hernias, a perfect knowledge of at least the
Liechtenstein technique and TAPP repair is enough for the majority of general
non-specialized surgeons.

Indeed, every intervention we propose must be as far as possible adapted to
the individual patient; in particular, we have to consider the patient’s constitution,
the presence of possible comorbidities, the patient’s age, gender, overall physical
performance, and personal daily needs and, of course, the quality of the tissues
involved, the anatomy and the type of hernia defect, which must be properly
identified and characterized, and, finally, the possible improvement in quality of
life achievable in each single case.

vii



viii Preface

All these parameters are reflected on the most appropriate choice not only
of prosthetic material but also of surgical approach. The prosthetic material is
selected from among a large variety of materials that may or may not be used
(synthetic or biological, soft or rigid, with different elastic-physical, morphological
and structural characteristics), and must be suitably shaped and calibrated in
relation to the existing anatomical differences between individuals, considering
the pathophysiological dynamics involved in the genesis of the disease, and the
total and actual size of the hernia defect identified in each case. Similarly, the
best surgical approach is chosen based on the above parameters and the additional
purposes to be achieved with a given type of repair.

No doubt the first among these additional purposes is the respect of the
physiology of the abdominal wall, which must always be preserved to the greatest
possible extent, by respecting and protecting the noble structures and sparing
the nerves of the region involved in the repair, so as to minimize postoperative
pain and ensure patient comfort with a more rapid and efficient recovery of the
patient’s usual daily activities.

Even the mastery of surgical techniques to be performed under local
anesthesia, which allow patients to return home within hours of the surgery, plays
an important role in this concept of “tailored surgery”.

To give a few examples, in surgery of primary unilateral groin hernia, we
generally choose to perform sutureless and tension-free techniques with a mini-
incision (2.5 to 6 cm), which guarantee a very low recurrence rate in the long
term (0.02%), comparable to the rates observed for the widespread Lichtenstein’s
technique (which today still represents the golden standard treatment for this type
of pathology, together with the laparoscopic TAPP approach). These techniques
significantly reduce suture-related postoperative pain and can be easily performed
under local anesthesia on a day-case basis.

We have personally led and developed many scientific studies also concerning
fixation of the different types of meshes with fibrin glue, which shows excellent
results in terms of efficacy and tolerability, as an alternative to traditional sutures.
These devices are particularly suitable for the treatment of the hernias in the
young and in athletes.

Nevertheless, in each case we have achieved great accuracy in detecting
whether such techniques are suitable and fruitful for the individual patient: in other
words, we have the option of using other kinds of repair such as the preperitoneal
approach, anterior or posterior, plug, with absorbable (biologic) meshes, dynamic
repair and, of course, laparoscopy. The laparoscopic approach can, for instance,
be useful for the repair of bilateral groin hernia, whether primary or recurrent.
Laparoscopy can be the first choice for incisional hernia repair in obese patients,
in athletes with a small ventral defect, or in those patients who have already
undergone a previous laparotomic repair.

Even in the open surgery of “simple” incisional hernias it is possible to adopt
sutureless and tension-free techniques, exploiting the law of Pascal and employing
fibrin glue for fixing the mesh in most of the cases.



Preface ix

In the presence, for example, of a real loss of substance, it is appropriate to fill
the gap with an at least partially biologic prosthesis, which remains in contact with
the viscera without causing adhesions and other well-known complications. In the
same cases, the knowledge of and the ability to perform each kind of component
separation (open, laparoscopic, anterior, posterior transversus abdominis release)
is mandatory in order to really be able to realize an appropriate tailored approach.

The extent of the repair must be carefully evaluated in the preoperative phase,
whatever the surgical technique that will be proposed to the patient, with careful
choice of the most appropriate prosthetic materials: also the most suitable size
of mesh must be well thought out and commensurate to the type of hernia defect
identified in each case.

This eclectic approach requires, on the one hand, deep knowledge, culture
and skill in all the possible techniques and, on the other, a continuous exchange
of information among peers to enable a real and honest evaluation of results and
ensure the best possible outcome for patients.

Milan, September 2016 Giampiero Campanelli
President, The European Hernia Society
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Lichtenstein Tension-free Hernioplasty

David K. Nguyen, Parviz K. Amid, and David C. Chen

1.1 Introduction

The inguinal hernia has plagued humankind since the advent of recorded history.
Edoardo Bassini’s seminal presentation to the Italian Surgical Society in 1887 of
a durable native tissue-based technique for restoring the integrity of the inguinal
floor ushered in a new era of hernia surgery based upon understanding of the
anatomy and mechanics of the inguinal canal. Since then, numerous tissue repairs
of the inguinal canal have been described in the surgical literature and were
considered the gold standard until the 1980s.

Weak abdominal wall tissue was recognized as an intrinsic cause of inguinal
hernias even in the 19™ century. However, early attempts at recreating the tensile
strength of fascia and tendon with prosthetic materials were plagued by rejection and
infection. In 1959, Usher introduced polypropylene mesh — a strong, lightweight,
flexible, and biologically inert material. Scientific advancements broadened the
understanding of hernia formation as a metabolic process not solely caused by
mechanical forces. Alterations to collagen type I to type III ratios and an imbalance
of protease and antiprotease lead to impaired hydroxylation of proline. These
changes are associated with a weakening of the fibro-connective tissues of the
groin, leading to the development of inguinal hernias. The availability of suitable
prosthetic materials and the contradictory nature of placing defective, weakened
inguinal tissue under tension renewed interest in prosthetic-based, tension-free
groin hernia repairs.

In 1984, Irving Lichtenstein, Alex Schulman, and Parviz Amid of the Lichten-
stein Hernia Institute in Los Angeles began a protocol-based study to routinely
use prosthetic mesh for inguinal hernia repair. The Lichtenstein tension-free her-
nioplasty is a result of their efforts to circumvent the degenerative nature of the
groin hernia and the detrimental effects of suture line tension. Rather than placing

D.C. Chen (X))

Lichtenstein-Amid Hernia Clinic, David Geffen School of Medicine at the University
of California, Los Angeles

Santa Monica, California, USA

e-mail: dechen@ucla.edu

G. Campanelli (Ed), Inguinal Hernia Surgery, 1
Updates in Surgery
DOI: 10.1007/978-88-470-3947-6_1, © Springer-Verlag Italia 2017
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Fig. 1.1 Ideal configuration for the Lichtenstein tension-free hernioplasty with an inverted direct
hernia sac. Sagittal view. The black dotted line is not recommended due to tension. The solid black
line shows the position of a femoral hernia repair

defective tissues under tension by apposing them with suture, mesh is used to
reinforce the entire inguinal floor. It is situated between the transversalis fascia
that forms the inguinal floor and the external oblique aponeurosis. It extends from
the internal ring to well beyond Hesselbach’s triangle, providing adequate mesh-
tissue interface. Upon increased intra-abdominal pressures associated with strain-
ing, the external oblique aponeurosis contracts and applies counter-pressure on
the mesh, thus making intra-abdominal pressures favorable to the repair [1]. With
a tissue-based repair, these same mechanics place added tension on the suture line
predisposing it to failure and recurrence. Mesh positioned in this location pro-
vides a repair that is both therapeutic and prophylactic (Fig. 1.1) addressing the
current herniation as well as protecting the inguinal floor from future metabolic
and mechanical disturbances.

1.1.1  Preoperative Evaluation

The risk of complications from an inguinal hernia repair is low. Surgery to repair
an inguinal hernia or its complications may leave the patient at risk for infection,
bleeding, recurrence, pain, visceral or vascular injury, spermatic cord injury,
testicular atrophy or loss, hematoma or seroma formation, nerve entrapment,
urinary retention, bladder injury, osteitis pubis, or intra-abdominal adhesions.
Most of these are very low risk events. Rates of recurrence, a notable morbidity,
vary with ranges from 1 to 7% for indirect and from 4 to 10% for direct hernias
[2-5]. The incidence of postherniorrhaphy pain is variable from 0.5 to over 60%
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Fig. 1.2 Standard shape
of the mesh. The narrow
corner of the mesh fits
into the angle between
the inguinal ligament
and the lateral border of
the rectus sheath

based upon the definition used to identify this complication. However, rates of
chronic pain that affects daily activity are in the 5% range and this complication
should be discussed as part of the informed consent.

Mortality and morbidity related to inguinal hernia repair is unlikely, but with
advanced age or severe comorbidities deaths may occur. Elective hernia surgery
is a low-risk procedure with mortality rates of less than 0.1%. Emergency hernia
operations carry a substantially higher mortality risk of approximately 1%. If
bowel resection is performed, mortality rates may approach 10% [2-5].

In the clinic, patients are given a chlorhexidine wash to use the night prior
or the morning of surgery. They are instructed not to shave the incision site as
the microtrauma increases the risk of infection. Elderly patients or those with
medical comorbidities undergoing elective repair undergo risk stratification and
optimization prior to their operation.

1.1.2 Equipment

A sheet of prosthetic mesh measuring 7.5 x 15 cm is used. Monofilament, macro-
porous polypropylene meshes are preferred because their structure is more
resistant to infection. Lightweight meshes have reduced rates of discomfort and
pain with adequate tensile strength and equivalent recurrence rates [6]. The mesh
should cover the entire floor of the inguinal canal. Its medial corner is tailored
to its standard shape with a lower sharper angle to fit into the angle between the
inguinal ligament and the rectus sheath and an upper wider angle to spread over
the floor to the conjoined tendon where the rectus sheath and internal oblique
aponeurosis meet (Fig. 1.2). In the case of a femoral hernia, the mesh may be
modified to include a lateral triangular extension that is affixed to Cooper’s
ligament to exclude the femoral canal.
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1.1.3 Patient Positioning

The patient is placed in the supine position on the operating room table.

1.1.4 Technique of Anesthesia

The procedure may be performed under local anesthesia with sedation as needed,
which is our preferred choice for all reducible adult inguinal hernias. It is safe,
simple, effective, economical, and without side effects such as nausea, vomiting,
and urinary retention. Our choice of local anesthetic is a 50:50 mixture of 1%
lidocaine (Xylocaine) and 0.5% bupivacaine (Marcaine) with 1/200,000 epineph-
rine. An average of 45 mL of this mixture is usually sufficient for a unilateral
hernia repair. This is progressively administered in the following manner.

1.1.4.1 Subdermal Infiltration

Five mL of the 50:50 mixture is infiltrated along the line of the incision with
a 25 gauge needle into the subdermal tissue parallel to the surface of the skin.
Infiltration is continued as the needle is advanced, reducing the likelihood of
intravascular infusion. This step blocks subdermal nerve endings and reduces the
discomfort of intradermal infiltration, typically the most uncomfortable stage of
local anesthesia.

1.1.4.2 Intradermal Injection and Creation of Skin Wheal

The needle that is in the subdermal plane is then withdrawn until the tip is in the
intradermal level. The dermis is then slowly infiltrated with approximately 3 mL
of the mixture along the line of the incision (Fig. 1.3).

1.1.4.3 Deep Subcutaneous Injection

Ten mL of the mixture is injected deep into the subcutaneous tissue through
vertical insertions of the needle 2 cm apart. The needle is kept moving while
injecting (Fig. 1.4).

1.1.4.4 Subaponeurotic Injection

Once the subcutaneous tissues are divided, 10 mL of the mixture is injected
underneath the aponeurosis of the external oblique muscle through a window at
the lateral aspect of the incision (Fig. 1.5). This injection floods the still enclosed
inguinal canal and bathes all three major inguinal nerves with the mixture while
the remainder of the subcutaneous tissues overlying the aponeurosis and canal
are divided. The mixture also hydrodissects the canal lifting the external oblique
aponeurosis away from the ilioinguinal nerve reducing the likelihood of nerve
injury upon incising the aponeurosis. Occasional injection of the tissue near the
pubic tubercle and around the neck and inside the indirect hernia sac is required to
achieve complete local anesthesia. Additionally, splashing 10 mL of the mixture
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Fig. 1.3 Intradermal
injection and creation of
skin wheal

Intradermal

Subcutaneous fat

Fig. 1.4 Deep subcutaneous injection

into the canal before closure of the external oblique aponeurosis can further
prolong the analgesic effect.

1.1.5 Sedation

Rapid, short-acting anxiolytic and amnestic agents such as propofol can be
administered to mitigate the patient’s anxiety and reduce to the amount of local
anesthetic injected during the operation. If the hernia is not reducible, general or
epidural anesthesia in addition to local infiltration of anesthetics is recommended.
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Fig. 1.5 Subaponeurotic
injection

1.1.6 Operative Preparation

The patient is prepped with an antiseptic solution from above the umbilicus to
the scrotum. The scrotum is prepped into the field if a large hernia extending
into the scrotum is present. A dose of preoperative prophylactic antibiotic can be
considered depending on practice patterns but is not required for clean, elective
cases.

1.1.7 Incision and Exposure

A 5- to 6-cm skin incision starting from the pubic tubercle and extending laterally
within the Langer line provides excellent exposure of the pubic tubercle and the
internal ring.

1.1.8 Procedure

1. After skin incision, the external oblique aponeurosis is opened and its lower
leaf is freed from the spermatic cord. The upper leaf of the external oblique
is then freed from the underlying internal oblique muscle until the internal
oblique aponeurosis is exposed. Separation of these layers exposes the
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External oblique
aponeurosis
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Fig. 1.6 Inguinal anatomy and identification of all three nerves

ilioinguinal and iliohypogastric nerves and creates ample exposure of the floor
of the inguinal canal to accommodate the mesh prosthesis (Fig. 1.6). The mesh
should overlap the internal oblique aponeurosis by at least 3 cm above the
upper margin of the inguinal floor.

2.The cord with its cremasteric muscle covering is separated from the floor
of the inguinal canal and the pubic bone for a distance of approximately 2
cm caudal to the pubic tubercle. When lifting the cord, care should be taken
to include and preserve the ilioinguinal nerve and the visible blue external
spermatic vein along with the cremasteric sheath. The genital nerve, which is
always in juxtaposition to the external spermatic vessels, should be identified
and preserved.

. The cremasteric sheath is incised longitudinally at the level of the deep ring
to explore the internal ring for an indirect hernia sac. Complete stripping and
resection of the cremasteric fibers, described in the original version of the
Lichtenstein repair, is unnecessary. The resultant direct exposure of the genital
nerve, paravasal nerve fibers, and vas deferens to the mesh increases the risk
of chronic groin pain and orchialgia.

4. An indirect hernia sac, if identified, is freed from the cord to a point beyond
the neck of the sac may be inverted into the preperitoneal space without
ligation. Ligation of the sac may cause of early postoperative nociceptive pain
and does not affect the rate of recurrence. With a large hernia sac resection of
the sac may be preferred to prevent pseudo-recurrence and to interrogate the
preperitoneal space for a coexisting femoral hernia. Additionally, to minimize
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the risk of testicular compromise, large, chronic, non-sliding scrotal hernia
sacs are transected at the midpoint of the canal, leaving the distal section in
place. The proximal sac is dissected proximal to the internal ring and is sutured
ligated. The anterior wall of the distal sac is incised to prevent postoperative
hydrocele formation.

5. Large direct hernia sacs may be inverted without tension to increase the surface
area of contact between the mesh and floor of the canal and help prevent a
pseudo-recurrence below the mesh. A broad based direct defect is imbricated
with an absorbable running suture to approximate the transversalis fascia.
A narrow necked direct hernia may be imbricated with a purse-string suture
circumferentially along the transversalis fascia. These suture are specifically
placed without tension carefully avoiding the inguinal ligament.

6. The femoral canal should be routinely evaluated via the space of Bogros
through a small opening in the canal floor for a direct inguinal hernia or through
the indirect sac with an indirect hernia. When present, the transversalis fascia
is opened exposing the femoral canal and a coexisting femoral hernia may
be simultaneously repaired using a modification creating a lateral triangular
extension of the mesh with fixation of this mesh flap to Cooper’s ligament.
The flat portion of the mesh is then affixed in standard fashion.

7. A sheet of 7.5 x 15 cm of mesh shaped to cover the floor of the inguinal ca-
nal is sutured with a non-absorbable, monofilament suture material from the
insertion of the rectus sheath to the pubic bone overlapping the symphysis by
1 to 2 cm caudally (Fig. 1.7). This is a crucial step in the repair because failure
to cover this region with appropriate mesh overlap can result in recurrence of
the hernia as the mesh contracts. The periosteum of the bone is avoided.

8. This suture is continued laterally with up to four passes to attach the lower
edge of the patch to the inguinal ligament up to a point just lateral to the
internal ring. Going further lateral risks injury to the femoral nerve. (Fig.
1.7) The depth of these bites should be carefully controlled to prevent injury
or entrapment of the neurovascular structures passing deep to the inguinal
ligament.

9. A slit is made at the lateral end of the mesh, creating two tails: a wide one
(approximately 2/3 of the width) above and a narrower one (approximately
1/3 of the width) below. The wider upper tail is grasped with forceps and
passed toward the head of the patient from underneath the spermatic cord; this
positions the cord between the two tails of the mesh. The upper tail is crossed
and placed over the narrower one and held with a hemostat (Fig. 1.8).

10. With the cord retracted downward and the upper leaf of the external oblique
aponeurosis retracted upward, the upper edge of the patch is sutured in place
with two or three interrupted absorbable sutures, one to the rectus sheath
and the others to the internal oblique aponeurosis just lateral to the internal
ring (Fig. 1.9). Suturing the upper edge of the mesh to the internal oblique
muscle should be avoided to prevent injuring the intramuscular segment of the
iliohypogastric nerve.
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Fig. 1.7 Lateral fixation of mesh to the inguinal ligament with non-absorbable running suture.
There is 1-2 cm overlap on the rectus muscle

Fig. 1.8 A slit is made in the mesh laterally. The upper tail is 2/3 the width of the mesh and the
lower tail is 1/3 the width of the mesh

11.Using a single non-absorbable monofilament suture, the lower lateral edges
of each of the two tails are fixed to the inguinal ligament just lateral to the
completion knot of the lower running suture, leaving adequate space for the
passage of the spermatic cord and recreating the mesh internal ring (Fig. 1.10).
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Fig. 1.9 Fixation of the upper border of the mesh to the internal oblique aponeurosis with
interrupted, absorbable suture

Fig. 1.10 The mesh is secured to the inguinal floor. Tails are sutured together with non-absorbable
suture to recreate the internal ring. The tails should sit at least 5 cm lateral to the new internal ring
underneath the external oblique aponeurosis
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12. The excess patch on the lateral side is trimmed, leaving at least 5 cm of mesh
beyond the internal ring to address any coexisting interstitial or low-lying
Spigelian hernia. This is tucked underneath the external oblique aponeurosis,
which is then closed over the cord with an absorbable suture.

1.1.9 Closure

Scarpa’s fascia is reapproximated in interrupted fashion with an absorbable suture.
The skin is closed with an absorbable subcuticular suture or staples.

1.1.10 Postoperative Care

Patients are instructed to avoid strenuous activity that significantly increases
intra-abdominal pressure in the postoperative period for comfort but otherwise
activity is unrestricted. Cardiovascular activity immediately following surgery
is encouraged. Analgesic medications should be given to the patient. Patients are
typically discharged home the same day.

1.2 Potential Complications

Recurrence rates for Lichtenstein hernia repair are uniformly low with most
studies citing rates below 1% [2-5]. Rates of chronic pain vary with studies
ranging from 0.5% to over 60% depending on the definition and means of
measuring this outcome. Infection, bleeding, and ischemic orchitis are all
low frequency events [7, 8]. Seroma and hematoma are typically expectantly
managed with minimal morbidity. Visceral injury is rare but possible, especially
in the incarcerated and strangulated scenario and with sliding or Richter’s
hernias. Urgent evaluation and operative management of these cases help to
minimize systemic toxicity and risk.

1.3 Key Principles for Minimizing Recurrence
and Postoperative Pain

In the mid 1990s, the Lichtenstein group made several modifications to the
Lichtenstein technique, commonly referred to as the Amid-modified Lichtenstein
repair, in order to align it with key principles that they identified as crucial to the
success of the operation and comprising the technique described in this chapter [7].
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Fig. 1.11 Intra-abdominal pressure in various conditions

1.3.1 Intra-abdominal Pressure Gradient

Mean intra-abdominal pressure when a patient is supine is approximately 8 cm
H,0. This changes to 12 cm H,O when standing and as high as 80 cm H,O with
straining and vomiting (Fig. 1.11). Elevated intra-abdominal pressure causes
a protrusion of the lower abdominal wall, and in particular the transversalis
fascia, anteriorly. Prosthetic based repairs must take this forward movement into
consideration in order to be truly tension-free. An initial flaw was a mesh that
was kept flat and therefore subject to tension with forward protrusion of the lower
abdominal wall with elevated intra-abdominal pressures. The mesh was modified
to have a slightly relaxed, tented, or domed shape in order to compensate for this
protrusion and take tension off the mesh-tissue suture line.

1.3.2 Mesh Shrinkage

Reduction in mesh size after implantation is an important consideration in tension-
free hernia repair. Studies from Lichtenstein’s group and subsequently Klinge
et al. demonstrated a 20% reduction in size in both transverse and craniocaudal
directions after implantation [6, 7]. Construction of the mesh must therefore
account for both reduction of its size and increased intra-abdominal pressures
in order to remain tension-free once secured. The implications for an incorrectly
sized and shaped mesh include recurrence, nerve entrapment, mesh migration,
meshoma, and chronic postoperative pain.
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In the initial description, the mesh did not extend beyond the pubic tubercle to
overlap the pubic bone. It was also too narrow to provide adequate tissue contact
with the inguinal floor in order to promote full tissue ingrowth and incorporation
[8]. A standard size of 7.5 x 15 cm was recommended to provide both adequate
laxity and surface area to accommodate intra-abdominal pressures and shrinkage
(Fig. 1.1).

Identification and protection of the ilioinguinal, iliohypogastric, and genital
branch of the genitofemoral nerve reduces the risk of nerve injury and entrapment
with mesh placement. The practice of using continuous sutures to secure the top
edge of the mesh was changed to interrupted sutures in order to minimize injury to
the iliohypogastric nerve [8]. In some situations, this nerve abuts the upper border
of the mesh and is at risk for entrapment. When this occurs, a slit can be made
in the mesh to accommodate the aberrant course of the iliohypogastric nerve. In
the same manner, the practice of “lesser cord” dissection of the genital nerve and
lateral spermatic vessels off the cord with passage between a gap in the mesh-
inguinal ligament suture line was also abolished [8].

1.3.3 Prosthesis Type

Adequate knowledge and appropriate use of prosthetic material is important
to the success of a groin hernia operation. Mid to lightweight, macroporous,
monofilament mesh is the prosthetic of choice. It allows for proper shape along
with infiltration of fibroblasts, collagen fibers, blood vessels, and macrophages
necessary for optimal incorporation of the mesh, strong and durable repair, and
minimal complications. Mesh materials continue to evolve and ongoing refinement
to address these key issues is essential to improve outcomes.

1.4 Modifications: Sutureless Fixation

Fixation in most inguinal hernia repair techniques remains a primary source of
technical error potentially leading to inflammation, hematoma, injury, entrapment,
and pain. Sutureless modifications to the Lichtenstein technique including fibrin
or cyanoacrylate glue fixation and self-gripping meshes were developed in hopes
of decreasing the incidence of chronic pain with similar recurrence rates. Level
1b evidence from a prospective randomized controlled study of fibrin glue, the
Tissucol/Tisseel for Mesh fixation in Lichtenstein hernia repair (TIMELI) trial,
compared fibrin glue to traditional suture fixation [9]. In this study, fibrin glue
fixation was associated with significantly less postoperative pain at 1 and 6
months, providing a 45% reduction in chronic symptoms such as numbness, pain,
and groin discomfort at one year. The 2015 FinnMesh multicenter randomized
controlled trial compared cyanoacrylate glue, self-gripping mesh, and suture
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fixation found that cyanoacrylate glue had no appreciable benefit over suture
fixation in terms of postoperative and chronic pain, and that self-gripping mesh
demonstrated less pain only on the first postoperative day [10]. Though recurrence
rates are equivalent to those of traditional suture fixation [9, 10], evidence is
mixed for the benefits of atraumatic fixation methods as a whole. In patients with
an increased risk of postoperative pain, these techniques may prove beneficial and
should be considered.

1.5 Discussion

All surgeons that treat inguinal hernias should have detailed knowledge of groin
anatomy and, based on the clinical situation, choose the technique that will best
treat the patient contingent upon the expertise and preferred operative techniques
of surgeon. In addition, they must understand the advantages and disadvantages
of each technique as well as the appropriate indications.

The European Hernia Society (EHS) updated its consensus guidelines on
the treatment of inguinal hernia in adults with best available data in 2014 [11].
As in 2009, the highest level of evidence (1A) and grade of recommendation
(A) supports the use of the Lichtenstein tension-free hernioplasty for repair of
primary, unilateral, symptomatic inguinal hernias. This technique is superior to
the Bassini and Shouldice methods of tissue repair [2-5].

1.5.1 Lichtenstein versus Other Mesh-based Repairs

Prior comparison of the Lichtenstein technique to other mesh based repairs such
as the Prolene Hernia System (PHS) and the Plug and Patch (PP) lacked adequate
long-term data. The 2014 update included several RCTs and meta-analyses
comparing PHS/Lichtenstein and PP/Lichtenstein with follow-up ranging from
1 to 4 years. Results for PP/Lichtenstein demonstrated a 5-10 minute decrease
in operative time with no other appreciable benefits. PHS/Lichtenstein showed
contradictory data on both operative time and perioperative complications. There
were no differences with postoperative hematomas or infections. Both PHS and
PP cost more than the mesh used for the Lichtenstein repair with no appreciable
benefit [8]. In our practice and in the literature, we have seen migration of the
plug causing chronic pain and in some instances, visceral, vascular, or bladder
erosion. PHS placement involves entry into the preperitoneal space and may place
the preperitoneal nerves and vas deferens at risk. Proper deployment is essential
with meshoma and contraction seen from inadequate dissection and folding of the
posterior leaflet.
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1.5.2 Lichtenstein versus Laparoscopic Repair

The updated EHS guidelines maintain that for unilateral and bilateral primary
inguinal hernias, the Lichtenstein repair is equivalent to the endoscopic approach
with comparable recurrence rates [11]. However, the surgeon must be facile with
the endoscopic approach to achieve equal results between the two techniques.
The learning curve for endoscopic techniques is estimated to be 50-100 cases,
with the first 30-50 being the most critical, whereas the Lichtenstein technique is
easier to teach and replicate at all levels. Outcomes of non-experts and supervised
residents performing the Lichtenstein repair for primary inguinal hernias are
comparable to those of experts [11].

The open repair offers other distinct advantages over endoscopic repair. From
a hospital system perspective, it is the most cost-effective procedure. However,
from a socioeconomic standpoint, it is argued that endoscopic repair is more cost-
effective for individuals who are actively participating in the labor market due
to an earlier return to work [12]. In our experience, these differences are less
pronounced with expectations and activity restrictions limiting patients more than
physiologic impairment.

Open repair can be performed under local anesthesia and conscious sedation,
obviating the stress and risk of general anesthesia and insufflation in patients
who are at higher risk for complications. Both methods are demonstrably safe,
though there is a higher potential risk of blood vessel and visceral organ injury
with endoscopic techniques when compared to the Lichtenstein repair [13]. For
a recurrent hernia after prior open operation, endoscopic repair is recommended
over Lichtenstein repair since it accesses and unscarred plane resulting in less
postoperative pain, faster recovery, and lower incidence of chronic pain [11].

1.5.3 Mesh Fixation

The 2014 EHS guidelines also address the method of mesh fixation in the
Lichtenstein repair assessing atraumatic fixation with fibrin glue or cyanoacrylate
glue. The TIMELI results favored fibrin glue fixation while cyanoacrylate glue had
no appreciable benefit over suture fixation in terms of postoperative and chronic
pain. Self-gripping mesh demonstrated less pain after the first postoperative
day with no longer term benefits. Importantly, atraumatic fixation methods had
recurrence rates equal to suture fixation at one year but at a higher cost than
traditional suture fixation [11]. The update provides a Level B recommendation
that atraumatic fixation can be used in Lichtenstein repairs with no adverse
changes in recurrence rates at one year.

In our practice, we routinely offer the Amid-modified Lichtenstein tension-
free hernioplasty or totally extraperitoneal endoscopic repair (TEP) for patients
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with primary, unilateral inguinal hernias. We counsel patients that both techniques
have similar excellent outcomes and demonstrate no superiority in terms of
chronic pain or recurrence. For those who wish to avoid general anesthesia, have
increased cardiopulmonary risk, or prior lower abdominal surgery, the modified
Lichtenstein technique can be performed with minimal operative risk and excellent
outcomes. It is effective for all types of inguinal hernias. However, challenges do
arise with femoral hernias or recurrent inguinal hernias after an anterior repair.
While a female hernia can be repaired effectively with a Lichtenstein repair, a
laparoscopic approach may be preferred given the higher incidence of femoral
hernias. These patients, along with younger male patients who desire a faster
convalescence and those with bilateral inguinal hernias, may benefit more from a
laparoscopic repair.

1.6 Conclusions

The original intent of Lichtenstein was to “repair hernias without disability”. In
the past 30 years, refinement and proliferation of his techniques have dramatically
improved patient outcomes. The Lichtenstein tension-free hernioplasty has been
compared to numerous tissue and prosthetic inguinal hernia repairs and is either
comparable or superior to all methods in terms of recurrence, postoperative pain,
productivity time lost, chronic pain, complications, costs, and recurrence rates. It
continues to be a gold standard operation for the repair of inguinal hernias.
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Tension-free, Sutureless Primary Inguinal 2
Hernia Repair: the Trabucco Technique

Giampiero Campanelli, Piero Giovanni Bruni, Andrea Morlacchi,
and Marta Cavalli

2.1 Introduction and Technical Background

The anatomically closed space in the inguinal canal below the external oblique
aponeurosis (subaponeurotic space) was referred to as the “inguinal box” by
Ermanno E. Trabucco (August 15, 1926 - March 9,2015) in 1988 (Fig. 2.1) [1, 2,
3]. It had been noticed that the size and shape of this space has minimal variations
from one individual to another: it measures around 12 cm from the anterosuperior
iliac spine to the pubic tubercle, 7 cm from the anterosuperior iliac spine to the
deep inguinal ring, 5 cm from the internal inguinal ring to the pubic tubercle, and
5 cm from the insertion of the external oblique muscle on the anterior sheath of
the rectus muscle to the shelving edges of Poupart’s ligament (Fig. 2.2).

The Trabucco technique is based on the utilization of a preshaped mesh in all
primary inguinal hernia repairs. In other words, a universal preshaped mesh that
will virtually always fit into the subaponeurotic inguinal space of every individual
(Fig.2.3) [1,2,4]. In order for a sutureless preshaped mesh to be effective, it must
be sufficiently rigid and possess a controlled memory (to remain flat without a
tendency to wrinkle or curl) [5].

This preshaped mesh consists of monofilament polypropylene weaved into a
mesh structure. The mesh is then treated with a combination of heat and traction
in order to tighten the weave and flatten the mesh. This process allows the mesh to
lose part of its memory achieving a controlled memory [6] and acquire a flat shape,
thus losing its tendency to curl or wrinkle. The dimensions of this preshaped mesh
are based on the average size and shape of the subaponeurotic inguinal space,
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Fig. 2.1 Ermanno E. Trabucco (August
15,1926 - March 9, 2015)

Fig. 2.2 The “inguinal box” (original
drawing supplied by E.E. Trabucco)
[1,2]

which is 10 = 4-5 cm. The mesh has a 1.2 cm wide circular opening for the exit
of the spermatic cord. This opening is located 6 cm from the tip and 4 cm from
the base of the mesh.
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Fig. 2.3 Trabucco universal preshaped mesh

Meshes that are too soft placed on the floor of the inguinal canal without
sutures will have a tendency to wrinkle or curl, thus increasing the potential
for the formation of dead spaces and recurrences [6, 7]. Soft meshes cannot be
implanted without sutures. All polypropylene prostheses have memory, even after
sutures are applied.

In a sutureless technique, the mesh must lie flat when implanted and remain
flat during the fibroblastic infiltration into its pores, a process that seals the mesh
into place.

A sufficiently rigid preshaped mesh with controlled memory does not need
to be sutured when placed into a closed space. Based on Pascal’s principle, the
intra-abdominal pressure is evenly distributed over a large surface area of mesh:
the prosthesis will remain stretched uniformly in the inguinal box, without the
need to be secured with sutures, it will always lie flat and will not move or form
dead space.

Such a mesh is time saving and easy to implant. The postoperative discomfort
is minimal and nerve injury rare. The identification and respect of the three nerves
of the inguinal region is of crucial importance to reduce the rate of neuralgia in
the short and long term [8].

The use of local anaesthesia requires that the surgeon properly recognize those
nerves and respect them during the repair (Figs. 2.4 and 2.5). The intentional
section of one or more nerves, when it is not possible to achieve a satisfactory
nerve sparing, or special tricks to create tailored fenestrations (small windows) in
the prosthesis to prevent scar tissue involving the spared nerves, ensure a further
reduction of the rate of neuralgia and excellent patient outcomes [8].
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Fig. 2.5 Local anaesthesia during a Trabucco primary hernia repair: infiltration of genital branch
of the genitofemoral nerve on the flattened floor of the inguinal box

The ideal polypropylene prosthesis for a tension-free primary inguinal hernia
repair according to Trabucco must be as much as possible adapted to the patient
himself; in particular, we have to consider the patient’s constitution, age, gender,
overall physical performance, personal daily needs and, of course, the type of hernia
defect, which must be properly identified and typed before and during surgery.
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All these parameters are reflected on the most appropriate choice of mesh
to be used, and this can be done on the basis of its weight, thickness, porosity,
rigidity, absence of memory and tendency to remain flat after implantation.
The Hertra Herniamesh preshaped prosthesis (n. 1-6, from the most rigid to the
softest meshes, which are ideal for athletes and young patients) developed by
Trabucco [4] were never found to curl or to shrink after implantation [5] and, in
our experience, are the best choice [3, 8].

Trabucco technique can be easily performed as a day case, under local
anaesthesia, obtaining maximization of comfort for the patients, and is used
routinely in all simple primary inguinal hernias [3].

The primary goal in the management of the patient with groin hernia is to
repair the hernia while minimizing the incidence of postoperative complications,
including recurrence. As with any surgical procedure, preoperative patient
optimization is vital to reducing the risk of postoperative complications. This
includes smoking cessation, control of diabetes mellitus, weight loss, maximization
of nutritional status, establishing an exercise routine, and optimization of
pulmonary and cardiac status.

2.2 Surgical Technique

After local anaesthesia [3, 8] (Fig. 2.6), a transverse incision is made 1 cm below
the deep inguinal ring. The roof of the inguinal box is exposed and the external
oblique aponeurosis (Fig. 2.7) is incised longitudinally. The cremaster muscle is
grasped with two Allis forceps and opened longitudinally, while preserving the
ilioinguinal nerve. The spermatic cord is lifted, exposing its mesentery. A Penrose
drain encircles the mesentery and spermatic cord.

The femoral canal is explored for possible herniation by dissecting the lower
crus from the cribriform fascia (Fig. 2.8). This dissection lengthens the crus, thus
allowing a tension-free closure of the roof of the medial box.

Direct sacs are invaginated and flattened out with a tension-free prolene (or,
better, polydioxanone, PDS) suture so that a preshaped mesh can be placed to lie
flat on the floor of the medial box. Indirect sacs are carefully dissected and inverted
through the internal ring (Fig. 2.9). Large deep inguinal rings are narrowed with
sutures, if necessary.

After adequate dissection of the subfascial space, a small quantity of local
anaesthetic or normal saline solution can be injected under the transversalis fascia
near the deep inguinal ring so as to lift the fascia from the preperitoneum and
create a fluid-filled space. The transversalis fascia is incised above the deep ring
and around the spermatic cord and a subfascial space is developed with a finger.

A T4 flat plug (Fig. 2.10) can be positioned without sutures in the space
under the fascia around the spermatic cord: its correct position must be visually
verified. A T4 plug can also be inserted through a dilated internal inguinal ring



24 G. Campanelli et al.

<4— Pubis

Anterior superiorss
iliac spine n

' External inguinal
ring

Fig. 2.7 Exposure of the external oblique aponeurosis

and positioned around the spermatic cord in the preperitoneal space (Fig. 2.11).
At this step, it is suggested to invite the patient to strain to confirm that the plug
has contained the hernia sac. The same plug can be used alone in small indirect
inguinal hernias or, with a preshaped mesh in direct inguinal hernias to prevent
indirect recurrences.
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Fig. 2.8 Exploration of the femoral
canal (original drawing supplied by
E.E. Trabucco) [1, 2]

Fig. 2.9 Isolation of indirect external oblique hernial sac

The medial end of the preshaped prosthesis is placed onto the dissected pubic
tubercle and held in this position by an instrument. The mesh is placed on the
flattened floor of the medial box with its hole surrounding the spermatic cord and
its tails placed on the floor of the lateral box, under the aponeurosis of the external
oblique muscle (Figs. 2.12 and 2.13).
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Fig. 2.10 T4 flat plug developed by
Trabucco

Fig. 2.11 T4 flat plug into a
large internal inguinal ring,
anchored to the preshaped
onlay mesh (original
drawings supplied by

E.E. Trabucco) [1, 2]

The inguinal rings should not overlap, when the external oblique aponeurosis
is closed behind the spermatic cord. Shifting a T4 plug lateral to the deep inguinal
ring or the preshaped mesh toward the pubic tubercle prevents overlap of the
inguinal rings and preserves the obliquity of the inguinal canal. For instance, in
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Fig. 2.12 Final view of a preshaped
mesh in the inguinal box

(original drawings supplied by
E.E. Trabucco) [1, 2]

Fig. 2.13 Intra-
operative final view
of a polypropylene

" preshaped mesh
implanted in the
inguinal box

a medial box of 7 cm, the spermatic cord is pulled 1 cm medially, it exits from
the hole of the preshaped prosthesis 1 cm medial to the deep inguinal ring, and
overlaps the pubic tubercle by 1 cm [2].
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Fig. 2.14 Closure of
the external oblique
aponeurosis, under the
spermatic cord (original
drawing supplied by
E.E. Trabucco) [1, 2]

Fig. 2.15 Preshaped mesh
superimposed on the anterior
abdominal wall (original drawing
supplied by E.E. Trabucco) [1, 2]

V

The external oblique aponeurosis is closed over the mesh, under the spermatic
cord, and the procedure is complete (Figs. 2.14 and 2.15).
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Gilbert Technique of Inguinal Hernia Repair 3

Arthur I. Gilbert, Jerrold Young, and Rafael Azuaje

3.1 Introduction

The Gilbert technique of groin hernia repair has undergone generations of im-
provement since its inception in 1985 yet certain basic principles have been con-
stant.

a. The myopectineal orifice (MPO), described by Fruchaud, is an area in the
lower abdominal wall and groin that must be completely reinforced to repair
currently presenting hernias and to prevent future hernias from forming in
patients that create intraabdominal pressures during natural bodily functions
and particularly in patients with chronic cough or prostatism.

b. The deep inguinal ring is actually a window in the muscular portion of the lower
abdominal wall through which the spermatic cord emerges. Once the internal
spermatic fascia covering the spermatic cord is opened the primary indirect
peritoneal sac can be dissected free and invaginated into the preperitoneal
space (space of Bogros).

c. The space of Bogros is a potential space that is easily actualized. It is the
ideal space for placement of any barrier device (mesh or biologic) to protect
the entire MPO. This pertains to repairs done by anterior or posterior open
approaches as well as laparoscopic approaches using total extraperitoneal
(TEP) or transabdominal preperitoneal (TAPP) techniques.

d. Tension on any repair produces unnecessary postoperative pain that can
be long in duration and disabling. Tension in any repair, sutured or mesh,
promotes the likelihood of recurrence.

e. Polypropylene mesh (PPM) is an excellent barrier material that is replicable in
its manufacturing process and is tolerated well by tissues.
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3.2 History

I was originally trained to do hernia repair using the modified Bassini repair. I
used it through my surgical residency and for the following 14 years. In 1976 1
changed to the Shouldice technique using polypropylene suture to do that three-
layer repair. In 1984 I added a flat mesh patch to the Shoudice repair. It was placed
in the preperitoneal space before the deepest tissues were sutured. In 1985 I added
arolled polypropylene plug repair sutured in the internal ring to repair all but very
large indirect inguinal hernias. By 1986 I changed the rolled plug into a patch-
like configuration that I passed through the deep inguinal ring into the space of
Bogros. I added a patch of PPM to cover the medial triangle of the inguinal area.
This repair became known as Gilbert’s sutureless repair of inguinal hernias. Each
of the components protects at separate levels and yet protects together. My final
iteration, in 1997, is a hybrid of groin hernia repairs that I did prior to 1984, and
since. The prolene hernia system (PHS) incorporates two flat polypropylene mesh
patches, each of sufficient size to individually repair hernias protruding through
the MPO. The two PPM patches are attached by a PPM connector which itself
sits in the direct hernia defect of the posterior wall or the deep internal ring of an
indirect hernia. The underlay patch mimics the posterior mesh repairs described
earlier by Nyhus, Read and Stoppa, and used in TAPP and TEP laparoscopic
repairs. The onlay mesh mimics the patch described by Usher and popularized
by Lichtenstein. It reinforces the posterior wall and the deep inguinal ring. The
connector is a version of the original rolled PPM plug I used to repair indirect
inguinal hernias.

3.3 Gilbert Technique of Hernia Repair

The skin of the lower abdomen is prepped and draped. A generous amount of
anesthetic solution is injected into the skin and subcutaneous layers. A 5-cm
transverse incision is marked extending lateral from the pubic tubercle. The skin
is incised and the subcutaneous layer is opened. Fifteen milliliters of additional
anesthetic solution is infiltrated just beneath the external oblique aponeurosis
(EOA). The cribiform fascia at the junction of the thigh is cleared. Inspection for
a femoral hernia is done. The external ring is fully exposed. The EOA is opened
through the external ring. Its medial flap is grasped with a clamp and is separated
from the internal oblique fascia to actualize a space (Fig. 3.1). This is done at
this step to avoid creating the wrong plane later. The ilioinguinal nerve is left
undisturbed. The cremasteric fascia is opened and the spermatic cord is elevated.
The leaves of the cremasteric fascia are separated from the cord. Its medial flap is
excised. Its lateral flap that contains the cremasteric vessels and the genital branch
of the genitofemoral nerve is preserved. The mesentery of the cord is opened to
later accommodate the onlay patch. The transparent internal spermatic fascia that
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Fig. 3.1 Elevation of the external oblique aponeurosis develops the space for the onlay portion of
the bilayer connected device (PHS). The anterior space is developed for the placement of the onlay
patch of the PHS (reproduced with permission from J.E Fischer, D.B Jones, Fischer’s Mastery of
Surgery, 4th edn. © Lippincott Williams & Wilkins, 2011)

surrounds the spermatic cord is opened. If an indirect sac is identified and its
distal part (head) is not firmly adherent to the cord, the sac is left intact and is
dissected up to its true neck. If the sac’s head is attached or scarred to the internal
spermatic vessels, its mid-portion is divided leaving its distal portion in place.
Its proximal portion is dissected up to its true neck and doubly ligated with a 2-0
Vicryl ligature. The proximal sac is invaginated through the deep inguinal ring.
The posterior wall over the medial (Hesselbach’s) triangle is inspected for a direct
hernia or weakness.

For a lateral hernia the preperitoneal space is actualized by the surgeon passing
a4x4-opened sponge or an index finger through the deep inguinal ring and using it
to push the fat and peritoneum away from the deep layer of the transversalis fascia
(Fig. 3.2). The preperitoneal space is generously created to allow the underlay
mesh to be fully deployed flat. After the head and neck of the sac have been fully
dissected, it is invaginated through the deep ring (or, if preferred, the sac is ligated
and divided). For direct hernias, the defective transversalis fascia is opened
through the defect in the medial triangle and the preperitoneal space is actualized.
The internal opening of the femoral canal and Cooper’s ligament are visualized.
The deep epigastric vessels are left intact except in cases of some pantaloon
hernias that are better managed by dividing the vessels and converting the two
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Fig. 3.2 For a lateral hernia the preperitoneal space of Bogros is actualized using an opened sponge
(reproduced with permission from J.E Fischer, D.B Jones, Fischer’s Mastery of Surgery, 4th edn.
© Lippincott Williams & Wilkins, 2011)

Fig. 3.3 The bilayer connected mesh device is placed in preparation to suture onlay patch
(reproduced with permission from J.E Fischer, D.B Jones, Fischer’s Mastery of Surgery, 4th edn.
© Lippincott Williams & Wilkins, 2011)
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defects into one. With the preperitoneal space sufficiently actualized by sponge
and/or finger dissection the entire PHS device is inserted into the preperitoneal
space (Fig. 3.3). Using a long forceps or one’s forefinger, the edge of the circular
underlay patch is deployed from its connector. The connector and onlay patch are
extracted from the preperitoneal space. Holding the onlay like a bridle, lateral
deployment of the circular underlay patch is facilitated. The technical goal of
deployment is to spread the edge of the underlay patch circumferentially to be
seated at maximum distraction from its connector. By doing so, the underlay
patch fully covers the MPO superiorly, medially, and inferiorly ensuring coverage
of the femoral canal. The underlay patch will become compressed against the
abdominal wall, between the peritoneum and the transversalis fascia, by the
patient’s intraabdominal pressure. Typically, the internal ring is not tightened
around the connector. The lateral flap of the onlay component is placed in the
anterior space beneath the external oblique. Direct hernia defects are closed with
one or two figure-of-eight sutures so that the connector will be comfortably seated
and the underlay patch will be unable to get through the posterior wall.

The connector remains in the internal ring or in the direct defect. The medial
part of the onlay patch is flattened against the transversus arch. The end of its
medial leaf is loosely sutured 2 cm over the pubic tubercle. Effectiveness of the
underlay patch alone can be evaluated by having the patent cough and perform
a Valsalva maneuver before any sutures are placed in the onlay patch. In all
cases of PHS repair the onlay patch should be sutured to the soft tissues (not
into the periostium) over the pubic bone medial to the tubercle, at the middle of
the transversus arch and at the middle of the inguinal ligament. To accommodate
the spermatic cord through the onlay patch, a central slit is made close to the
connector. The third suture is placed in the mid-portion of the inguinal ligament
after the spermatic cord is accommodated. For the repair of an indirect hernia it
is usually not necessary to suture the lateral flap that lies flat in the anterior space
and is well covered by the EOA. For most direct hernias, a slit in the lateral flap
of the onlay patch serves well to get mesh to protect the lateral triangle. The tails
of the lateral flap are crossed and fixed with a single suture to prevent herniation
through the slit. The patient again tests the repair by coughing and straining. Any
excess of the onlay patch is excised. The spermatic cord and ilioinguinal nerve
are replaced over the onlay patch. The EOA is closed with a 3-0 continuous Vicryl
suture re-creating the external ring and being careful not to make it too tight. The
subcutaneous layer is closed with 3-0 Vicryl sutures. Subcuticular closure with
a 3-0 Vicryl Rapide suture is done. Dermabond is applied to the skin, making
a swath approximately one-half to three-fourths of an inch on each side of the
incision. The ends of the subcuticular suture are cut flush with the skin. A cover
dressing is unnecessary.

The patient exercises in the operating room by doing bicycle motions. After
sitting up on the operating table and moving from there to the gurney, the patient
is retuned to the recovery room. After a light meal and being able to urinate, the
patient leaves the ambulatory center about an hour after the operation. An ice bag,
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applied in the recovery area, is used for the remainder of the operative day. The
patient is encouraged to ambulate often and to resume all activities (except driving
for the first 48 hours) that are not uncomfortable. A Dulcolax suppository is given
with the instruction to be used if the patient has not had a bowel movement by
the next day.

Patients who live geographically close are encouraged to return in 4 to 7 days
for a wound check. For those who live far away, we have a toll-free telephone
number and encourage them to stay in contact regarding their progress. They are
reminded they will have some ecchymotic discoloration (bruising) around the
incision and scrotal skin and also some swelling. The bruising lasts approximately
10 days; the swelling lasts about 3 to 6 weeks. As the healing ridge becomes more
prominent, it narrows and rises before it flattens.

Patients are recalled annually for re-evaluation of their repairs.

Suggested Readings

Gilbert AI (1989) An anatomic and functional classification for the diagnosis and treatment of
inguinal hernia. Am J Surg 157:331-333

Gilbert Al (1997) Symposium on the management of inguinal hernias. Sutureless technique:
second version. Can J Surg 40:209-212



Inguinal Hernia Repair Now and in the Future 4

John W. Murphy

4.1 Introduction

Inguinal hernia repair is one of the most common surgical procedures performed
in the world today. Worldwide, hernia repairs account for some 2 million surgical
cases per year, with 850,000 of those performed in the United States. An improved
understanding of the underlying anatomical and physiological processes of hernia
formation, and the widespread application of mesh products, have reduced the
rate of hernia recurrence after primary repair to insignificant numbers.

To understand the foundation of this rapid and remarkable improvement
in what used to be a quite complex and varied surgical technique, it is useful
to consider three basic tenets in modern day hernia repair. These principles
have been elucidated and refined over a 40-year period, occasionally meeting
significant resistance from the “conventional wisdom” of the surgical community.
Nevertheless, they have formed the basis of a common conceptual framework that
has allowed the development of simple, rapid and permanent repair techniques for
multiple forms of abdominal wall defects.

4.2 Past Advances

Read proposed that inguinal hernias formed as the result of a hitherto unknown
disease process, rather than heavy lifting, coughing or a patent process vaginalis.
He further proposed that abnormal collagen lay at fault, as well as noting a
significant correlation between tobacco use and inguinal hernia incidence in a
population of Veterans Administration patients. He attributed this to a protease-
antiprotease imbalance seen in patients with pulmonary emphysema [1]. He
postulated that this imbalance caused similar changes in the connective tissue of
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the groin and termed this “metastatic emphysema”. Weitz further solidified this
theory when he demonstrated the presence of increased levels of active neutrophil
elastase in smokers [2].

The main fibrillary components of dense connective tissue, including deep
fascia, consist of collagen type I and collagen type III. Within the tissue matrix,
heavy, inflexible collagen I fibers provide strength and resistance to deformation,
while the lighter collagen III fibers, which provide elasticity, arise in a random
arrangement. In the normal fascia, collagen I should exceed collagen III by a
ratio of 3:1. Hernia patients exhibit an inverse ratio of collagen I to collagen
III, as well as a decrease in collagen I generally; this abnormality results in a
weakened and attenuated fascia, which can easily be compromised to form a
hernia [3]. Pans published a series of biomechanical tests in which samples of
transversalis fascia taken from patients with direct inguinal hernias demonstrated
increased elasticity and maximal distention compared to controls, confirming the
hypothesis that abnormal connective tissue was involved in the genesis of hernias
[4]. The final advance in the histopathological theory of hernia formation lay in
the understanding of the biochemical aspects of the collagen fibers themselves.
An increase in matrix metalloproteinase, which degrades other types of collagen
as well as other matrix components, has been observed in patients with direct
inguinal hernias [5].

Anatomically, Fruchaud first described the myopectineal orifice (MPO),
consisting of three potential zones of structural weakness in the inguinal region
through which a hernia could form [6]. He also correctly observed that if these
three areas were not covered in the initial repair, the chance of recurrence increased
significantly.

Lastly, the use of implantable mesh as an abdominal wall prosthesis was first
described half a century ago, but has only seen widespread acceptance in hernia
repair in the last 25 years. Today, there are over 50 different mesh hernia devices
on the market, each with several claimed benefits. The physico-mechanical
properties of these meshes and their roles in the wound healing process have not
been well understood until relatively recent years [7]. With a better understanding
of these properties, it may be possible in the near future to “customize” the mesh
for individual patients resulting in better outcomes [8].

For a decade or more, these concepts were debated at annual American and
European Hernia Society meetings. It was only after Schumpelick declared that
Read was “once a sinner and now a saint” that the concepts were fully accepted
and a much better understanding of hernia formation was achieved.

4.3 Present Practice

The improvement in surgical outcomes since adoption of these three tenets has
been undeniable. However, naysayers continue to proliferate today. Consider
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the continued popularity of tension (tissue) hernia repair. Based on our current
physiological understanding of the tissue abnormality underlying hernia
formation, it should logically follow that no amount of suturing abnormal tissue
to abnormal tissue will create a repair of normal tissue strength. However, many
surgeons continue performing these repairs and advocating for their application,
either out of respect for what they learned in residency, or out of ignorance of the
current literature.

The problem of quality surgical education also plagues hernia repair, just as it
does every other area of general surgery. Many surgeons do not recognize, or were
never taught, the significance of the MPO or the disease process behind hernia
formation. This problem is exacerbated by a low research literacy rate and low
attendance at research conferences within the surgical community. Low surgical
volume also poses a problem; no matter what repair technique our hypothetical
general surgeon applies or how studiously he or she reviews it, on average he or
she will only perform about 50 of those repairs per year, not nearly enough to
maintain competency.

Despite all these concerns, recurrence no longer significantly complicates
modern day hernia repairs. The most significant complication in hernia repair
today is chronic groin pain [9]. Various studies have placed the incidence of
chronic groin pain following inguinal hernia repair at between 10 and 40%. With
850,000 hernia repairs performed in the U.S. annually, one can derive an absolute
minimum of 85,000 affected patients per year — enough to fill any of the world’s
largest sporting venues to seated capacity. However, very few surgeons admit to
having patients with chronic groin pain, or even seeing the complication at all.
This apparent incongruity can be explained by a brief visit to any pain management
clinic. The anesthesiologists who run these clinics will readily acknowledge that
they see patients with chronic groin pain caused by hernia repair every single
day. Generally the patient returns to the surgeon for a post-operative follow-
up visit and complains of pain, which the surgeon dismisses as common acute
post-operative pain and reassures the patient that the pain will improve by the
next post-op visit. However, the next post-op visit comes and goes with the same
pain complaint from the patient and the same reassurance from the surgeon, with
no further action taken. The pattern continues until the patient, who is still in
pain, becomes frustrated and returns to his/her primary care physician, who then
issues a referral to the pain clinic. The surgeon in most cases remains unaware
of this outcome, as neither the primary care physician nor the pain management
anesthesiologist may want to risk offending a referral source by writing a formal
letter to the surgeon.

In June 2011, the European Hernia Society published the International
Guidelines for the Prevention and Management of Post-Operative Chronic Groin
Pain [10]. This document represents a landmark achievement, in that it codified a
definition of chronic groin pain, which is now stated as any groin pain lasting more
than three months following inguinal hernia repair. Before the guidelines, “chronic
groin pain” suffered from a myriad of occasionally conflicting descriptions, which
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posed significant difficulty in comparing data sets within the literature. Now, with
an accepted definition in hand, efforts can be turned toward understanding causes,
reducing incidence and improving outcomes.

Nerve damage, the use of mesh for the repair, and fixation of the mesh have
all been postulated as causes of chronic groin pain. Nerve damage can result from
direct trauma, stretching, vascular injury, and fixation. Mesh products, particularly
if placed in the anterior space, may cause groin pain through incorporation of
the mesh, resulting in either direct or indirect contact with nerves. Extensive
dissection needed for placement of an anterior mesh may also play a role in post-
op pain. Fixation of the mesh may cause groin pain by direct nerve entrapment, or
by causing traction on smaller nerve branches as the mesh becomes incorporated.
If fixation is required, absorbable sutures should be used.

Many of the causes mentioned above can be avoided by not placing mesh in
the anterior space. By avoiding mesh in the anterior space, the dissection can be
limited to identifying the defect, leaving the nerves in place, and performing the
repair in the preperitoneal space.

Placing the mesh in the preperitoneal space still represents a fringe position,
despite decades of evidence demonstrating the safety and efficacy of this approach.
Most mesh products to date have been placed in the anterior space, but this is
solely a matter of convenience rather than good biomechanics. Consider a flat tire,
by way of analogy: it is of course easier to patch the outside of the tire, but the flat
will recur as soon as the tire is inflated, as air pressure will force the patch away
from the defect. Placing the patch inside the tire creates a permanent repair that
will not succumb to air pressure, and indeed is reinforced by it. By this logic, the
only reasonable places to implant mesh would be preperitoneal and intraperitoneal
(as in laparoscopic repair), as both techniques take advantage of intra-abdominal
pressure to reinforce the defect. However, many surgeons are not familiar with the
preperitoneal space, and pose concerns ranging from incidence of bleeding to lack
of sufficient volume to hold mesh. A quick review of anatomy allays both of these
fears: there are no significant vessels anywhere within the preperitoneal space, and
the space extends from the pubic tubercle to the diaphragm, and is routinely used
to hold transplanted kidneys (which, of course, are orders of magnitude larger
than any mesh prosthesis). The preperitoneal space also holds the advantage of
not containing any nerves that can be entrapped or impinged upon by mesh, which
in turn greatly reduces the incidence of chronic groin pain.

4.4 Future Advances

Our attention now turns to the use of robotic systems in inguinal hernia repair.
In 2014, 570,000 robotic surgical procedures were done worldwide. This
represents an increase of 179% since 2009. While gynecologic and urologic
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procedures seem to have plateaued, general surgical procedures under robotic
assistance increased fourfold to 150,000 since 2009. One in four U.S. hospitals
owns or leases a robot, representing 67% of installed robots and 79% of robotic
procedure volume worldwide. Just as the number of robotic procedures has
increased, so has the cost of the robot, from $900,000 for the original device
to $2.3 million for the latest models. In addition, disposables costs run to $1
million per year per robot. In total, the use of the robot adds approximately
$3,000-$6,000 incremental cost per procedure, regardless of procedure type. To
date, there has been no significant clinical evidence that clinical outcomes or
quality of care are improved.

A clear parallel can be drawn to the advent of laparoscopic repairs. When
first proposed, laparoscopic inguinal hernia repair cost significantly more in
equipment and disposables, required longer operating times, and had a very long
learning curve. The same arguments have been put forward for robotic repairs and
rightfully so. However, robotic repairs do offer some advantages over laparoscopic
repairs. The picture is 3-D, does not move unless the operator wants, allows for
easier dissection, and offers some improvement in surgeon ergonomics. Whether
this repair offers any clear advantages over traditional laparoscopic repair, or over
any of the minimally invasive open mesh repairs, remains to be explored.

In the more distant future, the entire question of surgical hernia repair may
well become academic. A first step may be the development of simple assays
which demonstrate the specific collagen metabolism of a patient.

Mesh implantation generally produces a predictable fibrotic response. But
what mesh to use? Should it be large pore, small pore, absorbable, non-absorb-
able, coated, non-coated? Further studies can help elucidate the answers to these
questions, and allow for tailoring the choice of mesh to the individual patient’s
biomarkers and tissue type. There also may be some potential for pharmaceuti-
cal stimulation of the wound healing process such as growth factors or prote-
ase inhibitors. Experimental studies have shown that the implantation of type I
collagen-soaked sponges with seeded fibroblasts or fibroblast growth factor raises
collagen deposition and increases the tensile strength of the wound [11].

In order to move forward, we must deal with what we know and can do
now. We know that hernia formation in most cases is the result of a collagen
deficiency, and not the result of wall strain. We know that apposing abnormal
tissue to abnormal tissue results in a higher recurrence rate. We know that mesh
repair techniques will reduce the incidence of recurrence, particularly if the mesh
covers the entire myopectineal orifice. However, the use of mesh has resulted in
an increased incidence of chronic groin pain, which is now the most common
complication of inguinal hernia repair and must be addressed. An increasing
weight of evidence demonstrates that placing the repair in the preperitoneal space
reduces the incidence of chronic groin pain. These and other techniques may help
us build the “bridge” of procedural knowledge that allows us to finally eliminate
the problem of inguinal hernia.
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3D Dynamic Anterior Repair:
ProFlor Technique

Giampiero Campanelli, Andrea Morlacchi, Piero Giovanni Bruni,
and Marta Cavalli

5.1 Introduction

If we look at the history of hernia repair, recurrences and complications are still
a major problem for surgeons. During recent decades, many improvements have
been attempted to reduce discomfort and chronic pain after surgery, but these
still remain frequent [1]. The ProFlor hernia system was introduced with the aim
of addressing such problems. It is designed for preperitoneal sutureless inguinal
hernia repair. As already shown by some studies, a fixation-free preperitoneal
repair leads to a significant reduction in chronic groin pain by reducing the risk of
nerve damages or entrapment [2—4]. In addition to this, the particular structure of
this device makes a physiological repair possible.

5.2 Device Characteristics

Despite the fact that the inguinal region is one of the most mobile parts of the
human body, commonly used flat meshes for inguinal hernia are static devices
which only strengthen the groin area by inducing the ingrowth of inelastic scar
tissue. The idea behind the 3D Dynamic implant is that the inguinal region should
be repaired preserving the physiological resistance to kinetic stresses of this
region.
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Fig. 5.1 The device with its central core and preperitoneal layer

The device is made of lightweight large-pore polypropylene and has a
particular shape that, rather than just covering it, actually fills the defect. It has
a preperitonal disk and a central multilamellar core that gives radial resilience,
which explains why the implant stays inside the defect without needing any
fixation [5] (Fig. 5.1).

Because of its geometrical structure, this device transforms expulsion forces
into gripping forces, a key point of this sutureless repair. These forces lead to a
better quality in tissue ingrowth, compared to other static meshes that are usually
incorporated in a scar plate. This prolonged, low-load, cyclical stress to the
abdominal wall seems to be the main cause of the obliteration of the defect and
incorporation of the device with good quality tissue [6]. This entails less mesh
shrinkage, as a result of the fact that the tissue covers the Freedom inguinal hernia
device gradually, in a more physiological manner, unlike the case with commonly
used polypropylene meshes that induce an acute fibrotic response. This may lead
to a reduction in recurrence rate and patient discomfort [7].

5.3 Patient Selection

Almost every patient eligible for elective surgery for primary inguinal hernia
could be selected for this kind of repair. Patients can be males or females, they
should have a clinically relevant primary inguinal hernia with a defect size at
operation between 20 and 35 mm in diameter, which corresponds to a M2/L.2
in the European Hernia Society (EHS) groin hernia classification [8], and they
should be diagnosed with direct or indirect defect.
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Contraindications for this repair are: previous surgery on the hernia operative
site, giant inguinoscrotal hernia, recurrent inguinal hernia, known collagen
disorder, femoral hernia, body mass index >35, and cases in which peritoneum
cannot be closed.

5.4 Surgical Technique

This procedure can be performed under local anesthesia and the patient can be
discharged the same day of the operation.

After a horizontal skin incision of 3—6 cm, perform a dissection through the
Scarpa’s fascia to external oblique aponeurosis. Then expose the external inguinal
ring and external oblique aponeurosis, open the aponeurosis and dissect and
elevate the cord, in order to define whether the defect is direct or indirect. The
procedure is slightly different for each kind of hernia.

For an indirect defect, identify the internal inguinal ring and remove all the
adhesions and scar tissue around it. Dissect the sac from the cord structures up
to the internal inguinal ring, isolating it circumferentially. Identify the nerves of
the region, taking care not to damage or stretch them. After that, reduce the sac
through the ring without ligating it because it may cause initial or chronic pain.
Finally, dissect with a finger the parietal peritoneum from the posterior abdominal
wall, creating enough room to accommodate the preperitoneal disc of the implant
(Fig. 5.2).

Dilated internal
inguinal ring

N

Fig. 5.2 Correct device positioning in a case of indirect defect
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Fig. 5.3 Correct device positioning in a case of direct defect

For a direct defect, dissect the sac from abdominal wall structures, paying
attention to the nerves, removing adhesions and scar tissue around the hernia.
Then open the transversalis fascia, with an incision as wide as necessary to detach
the sac from the posterior wall. Dissect the parietal peritoneum with a finger and
then check the integrity of the peritoneum (Fig. 5.3).

After having identified and isolated the defect, choose the size of the implant: a
25-mm device should be used for a defect of less than a finger, a 40-mm device for
a defect of two fingers. The implant should be folded around the core and then put
into the delivery device, aligning the space between the loops with the notch on
the flange of the device. This is important for indirect hernias because it helps the
loops fold open around the cord. Use the Freedom inguinal hernia delivery device
to place the implant into the hernia defect (Fig. 5.4). Gently push the device into
the defect, dilating it, until the flange rests on the external border of the defect.
Release the implant by pushing the plunger, and then remove the delivery device.
If needed, the freedom inguinal hernia implant can be adjusted using forceps,
to allow adequate placement of the preperitoneal disk. Be careful not to apply
excessive strength during this maneuver because it may lead to damage to muscle
fibers or bleeding. After delivery, the implant should be placed into the defect
with the loops forming a complete circle and the disk lying in the preperitoneal
space, parallel to the posterior wall of the inguinal canal. In the case of an indirect
defect, the spermatic cord should be between two of the loops.

Prior to closure, appropriate positioning and stability of the implants should
be confirmed by a patient cough test if under local anesthesia or by gently pulling
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Fig. 5.5 The stability of the device should always be checked by gently pulling it with a forceps

out the implant to verify if proper resistance is present (Fig. 5.5). Then close the
external oblique, leaving the cord in its natural subfascial position, and Scarpa’s
fascia. Close the wound using standard surgical technique. Usually, no drain is
needed.
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Total Open Preperitoneal (TOP) Technique 6
(modified Wantz)

Giampiero Campanelli, Piero Giovanni Bruni, Andrea Morlacchi,
and Marta Cavalli

6.1 Introduction

Stoppa proposed the open posterior preperitoneal repair for the first time in 1965
[1, 2], under the name of “giant prosthetic reinforcement of the visceral sac”
(GPRVS). Later, in 1989 Wantz [3] proposed a similar procedure, differing from
the Stoppa technique for a unilateral repair.

In both procedures, a large bilateral Dacron mesh was placed in the preperito-
neal space, covering Fruchaud’s myopectineal orifice with extensive overlap in all
directions so that the peritoneal sheet could not be extended.

The myopectineal orifice is the weak spot where all hernias of the groin
begin; it is covered only by the transversalis fascia and includes the Hesselbach’s
triangle, the deep inguinal ring and the Scarpa’s triangle of the femoral region [4].
A mesh placed in this space is compressed by the internal abdominal pressure and
fixed against the internal abdominal wall, in accordance with Pascal’s hydrostatic
principle: when there is an increase in pressure at any point in a confined fluid,
there is an equal increase at every other point in the container.

The posterior preperitoneal approach provides an alternative to the anterior
preperitoneal approach which, in cases of recurrent herniation, encounters scar-
ring, possibly leading to damage to the spermatic cord, nerves, and blood vessels.
Moreover, this approach permits a complete and clear view of both inguinal and
femoral regions.

Few data are present in the literature with regard to the Stoppa and Wantz
techniques, which demonstrates that they did not have success among general
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Table 6.1 Recurrent hernia classification by Campanelli

Type Localization Features Technique
R1  Near the internal inguinal ring  First recurrence, reducible, thin Gilbert with

patient, wall defect <2 cm plug repair
R2 Above the pubic tubercle First recurrence, reducible, thin TOP

patient, wall defect <2 cm

R3  Whole inguinal wall defect Multirecurrence and/or irreducible ~ TOP
and/or extended wall defect,
femoral recurrence

surgeons, probably because they are more difficult than the anterior preperitoneal

approach and require excellent knowledge of the anatomy and extensive

experience in the surgery of this region [5]. Another reason could be that they lost
appeal with the advent of the laparoscopic approach in the early 90s.

After a long-standing experience in abdominal hernia repair, we propose
a modified open posterior preperitoneal approach, called TOP (Total Open
Preperitoneal) technique, that we usually use for the repair of giant inguinal
hernia [6], recurrent inguinal hernia [7, 8], femoral hernia or in the treatment of
postoperative chronic pain [9].

According to our original classification for recurrent inguinal hernia (Table
6.1), based on the location of the recurrent defect and on the patient’s features, we
suggest the TOP technique for the following hernias:

» R2: first recurrence, after plastic or prosthetic repair, medial (direct) reducible
hernia with a small (<2 cm) defect above the pubic tubercle in a thin patient
(possible also under local anaesthesia);

e R3: large defect (inguinal eventration) or multi-recurrent hernias or non-
reducible recurrent hernia.

6.2 Technique

The TOP technique can be done under local, spinal or general anaesthesia (the
last of these is suggested during the learning curve) and requires a 5-8-cm-long
suprapubic transverse lateral incision, 2 cm below the superior-anterior iliac spin
(ASIS) (Fig. 6.1) [3, 10].

After the subcutaneous space is cut, the external oblique muscle and rectus
muscle aponeurosis are opened together and the fibers of the internal oblique
and transversus muscle are split laterally (Fig. 6.2) [3, 10]. At this level it is
sometimes possible to detect the ilioinguinal and iliohypogastric nerves: during
the procedure for the treatment of chronic postoperative pain, these are tied, cut
and buried in muscle (Fig. 6.2) [9].

A retractor is placed so that the rectus muscle is pulled medially. The
transversalis fascia is opened and the epigastric vessels are identified: they are
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Fig. 6.1 Left inguinal region,
landmarks in red (ASIS:
anterior superior iliac spine)
and incision line in black
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normally retracted medially and, if necessary, they are tied and cut safely [10].
Then, following the avascular plane just underlying the epigastric vessels, the
preperitoneal space is approached (Fig. 6.3).

The blunt dissection proceeds laterally and cranially and the psoas muscle is
detectable in a deep position [3, 10] with the genitofemoral nerve running over
it. Cranial to the psoas muscle, lies the quadratum lumborum muscle where the
ilioinguinal and iliohypogastric nerves run (Fig. 6.4). During the procedure for
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Fig. 6.3 Right inguinal region, a retractor pulls the rectus muscle medially, the epigastric vessels
have been identified and the preperitoneal space is approached
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Fig. 6.4 Right preperitoneal region. Isolation of ilioinguinal and iliohypogastric nerves on the
quadratum lumborum muscle and of the genitofemoral nerve on the psoas muscle
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P Rectus muscle

Fig. 6.5 Right preperitoneal region, isolation of the Cooper ligament and the hernia defect

the treatment of chronic postoperative pain, all the three nerves are tied, cut and
buried (triple neurectomy) [9].

Proceeding with a blunt dissection at retropubic level, the Retzius space is
reached and the Cooper’s ligament is identified (Fig. 6.5) [3, 10]: scar tissue may
be present after a prostatectomy or hysterectomy or radiotherapy and consequently
urinary bladder dissection from the pubic symphysis may prove difficult. If the
urinary bladder has been injured during this step, an absorbable suture is done and
the urinary catheter is kept in place for one week after surgery.

Going from the pubic symphysis towards the psoas muscle, the Bogros space
is approached and the external iliac vessels, the cord and the hernia sac, if present,
are identified (Fig. 6.6) [3, 10].

If a plug has been placed during the previous surgery, scar adhesions will be
present. This is the right time to remove a plug if the patient complains of chronic
pain because it can be done safely and avoiding injury to nearby structures (iliac
vein, bowel, vas, spermatic vessels, urinary bladder) (Fig. 6.7) [9]. Otherwise, if
the aim of the surgery is to repair a recurrent hernia, the plug can be left in place
if it does not interfere with the placement of the new mesh.

If a direct inguinal sac or a femoral sac is present, its reduction is possible with
blunt traction movements and the transversalis fascia can be introflexed and fixed
to the Cooper’s ligament or rectus muscle (posterior face) so that the dead space
is reduced, as is the risk of seroma formation [3, 10]. Then, the cord is surrounded
by a path.
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Fig. 6.6 Right preperitoneal region, the Bogros space is approached, an indirect inguinal sac is
present, the cord is identified, the iliac vessels are covered by fat and lymphatic tissue

Plug adeherent
to the cord

\: .‘]_' \ .a'_
External 1

i |oblique muscle!
| aponeurosis .

1

strictly to the vas and the cord. The plug will be removed
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Fig. 6.8 Right preperitoneal region, isolation of incarcerated indirect recurrent hernia (a) with
epiploon inside. The cord is surrounded by a blue path. The sac is opened (b) in order to complete

the reduction of epiploon (¢) in the abdominal cavity. A gauze is temporarily placed in the proximal
part of the sac (d). The peritoneum will be closed and the distal part will be left in the scrotal cavity

In the case of an indirect inguinal hernia, the sac is found adherent to the
spermatic cord and identification and division of one from the other is mandatory
(Fig. 6.6). The inguinal sac is reduced with a gentle pulling movement from
ahead to behind, in other words from the internal inguinal ring towards the
preperitoneal space.

If a complete reduction of the sac is not possible (e.g., in the case of a huge
inguinoscrotal or a multirecurrent hernia), opening of the sac is suggested (Fig.6.8)
and, after the viscera have been reduced, the distal part of the sac is left and the
peritoneum is closed with a running suture. If a real loss of substance is present,
a vicryl or biological mesh is bridged to the peritoneum [3, 10]. In all cases, the
cord or the round ligament is parietalized.

If the aim of the surgery is the treatment of postoperative pain, the next step is
to remove the mesh placed during the previous surgery. Through the same incision,
after dissection of the skin and subcutaneous space towards the pubic bone, the
anterior region is approached, the external oblique aponeurosis is opened and the
meshoma or mesh and suture or stitches can be completely removed (Fig. 6.9).
It is important to remember that the cord may be found below the fascia but also
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Fig. 6.10 Right inguinal region, after preperitoneal isolation of the cord (left side of the picture)
through the same incision, the anterior inguinal region has been approached (right side of the
picture), the previously place mesh has been removed, and the cord has been completely isolated

above the fascia, depending on the technique used in the previous surgery. So a
prudent dissection is required to identify and preserve the cord (Fig. 6.10) [9].
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e

Fig. 6.11 Right preperitoneal region, a polypropylene mesh is placed, the cord passes through a
hole in the prosthesis

The ilioinguinal and iliohypogastric nerves and the genital branch of the
genitofemoral nerve can be sometimes re-identified and resected once again. This
is not easy because of the scar tissue and adhesions due to previous surgery and
the prosthesis previously placed. For this reason and to guarantee a complete
triple neurectomy, the preperitoneal approach is necessary [9].

The next step is the placement of the mesh in the preperitoneal space: the
original technique requires a polypropylene or polyester mesh, although we
obtained excellent results also with a lightweight or biological absorbable mesh.
The prosthesis has a rectangular shape with a length between 10 and 12 cm and
a height between 14 and 15 cm, and it has a concavity along its bottom edge for
the iliac vessels [3, 10].

The medial-inferior corner of the mesh is placed on the Cooper’s ligament,
the bottom edge along the iliac vessels and the lateral-inferior corner on the psoas
muscle. Then the superior edge of the mesh is folded and placed underneath the
rectus and oblique muscles, medially and laterally, respectively. The mesh is
spread out and it covers and overlaps the entire myopectineal orifice.

The original technique has a sutureless mesh [3, 10], but during the learning
curve and when a lightweight mesh is selected, a long-term absorbable or non-
absorbable stitch can be placed on the Cooper’s ligament and on the psoas muscle,
paying attention to the nerves running along it [9, 10]. A second option could be
glue fixation [9]. A modification of the technique can be a 5-6-cm right-angle
incision on the superior edge, so that the cord or the round ligament can pass
through, and then a runnning suture to close the mesh behind it (Fig. 6.11) [9].
The procedure is completed by closing the oblique muscle and rectus muscle
aponeurosis.
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Transinguinal Preperitoneal (TIPP) Repair 7

Frederik Christiaan Berrevoet

7.1 Introduction

The choice of a specific surgical technique to repair inguinal hernias depends on
multiple factors such as the surgeon’s preference, training, and capabilities and
on logistical and socio-economical issues. In many countries, the Lichtenstein
repair is still considered the gold standard for inguinal hernia repair. However,
the increasing number of reports with high incidences of postoperative pain
after open anterior mesh repair needs consideration [1-3]. The major factors
responsible for both acute and chronic pain are the length of incision [4], nerve
injury or entrapment, extensive dissection in the inguinal canal and fixation of the
mesh with sutures or fixation devices [5]. To avoid especially neuropathic pain, of
which the exact aetiology is still unknown, laparoscopic preperitoneal techniques
have been described with the additional benefit of using intra-abdominal pressure
to push the mesh against the underlying fascia as a more natural type of repair.

Duetotherelatively long learning curve and some reports showing unacceptable
high recurrence rates, during the last two decades open preperitoneal techniques
have re-gained attention in the repair of inguinal hernias [6].

The traditional anterior approach is the most widely known and therefore
reproducible by many surgeons. In transinguinal preperitoneal repair (TIPP), the
preperitoneal space can be reached through the deep inguinal ring or through the
medial inguinal defect by incising the transversalis fascia. This type of mesh repair
is facilitated by the use of a memory-containing prosthesis. The memory ring
offers, in contrast to some other techniques, an easy deployment of the patch in the
preperitoneal space under good visualization of the groin structures. In this chapter
we will give a detailed description of the TIPP technique that aims to provide a
physiological type of repair, using only limited dissection in the inguinal canal
with avoidance of the inguinal nerves and a short reconvalescence period.
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7.2 Surgical Technique
7.2.1 Indications and Contraindications

All patients, male and female, with a primary inguinal, femoral or obturator hernia
are eligible for this technique. In cases of previous preperitoneal surgery, e.g.,
open prostatectomy with lymphadenectomy, bladder surgery and pelvic trauma
surgery, or in cases of previous inguinal hernia surgery using the preperitoneal
space for mesh location, the TIPP technique might succeed in only 50% of cases.
In our experience, a prostatectomy with extensive lymphadenectomy seems to
have a high conversion rate to a Lichtenstein repair. No other contraindications
seem apparent.

7.2.2 Preoperative Preparation

For all techniques approaching the preperitoneal space, it is helpful and
advantageous that the patient empties his/her bladder just prior to surgery. This
way, mobilization of the lateral and ventral wall of the bladder will be facilitated
and no Foley catheter is needed.

7.2.3 Anaesthesia

The procedure can be performed under local anaesthesia (with sedation) or using
spinal anaesthesia. Straining and coughing might help to spread the mesh and
enable the surgeon to check the correct position of the mesh at the end of the
procedure. Because manipulation of the peritoneum during dissection can lead to
additional stress and pain, it might be more troublesome to use local anaesthesia
in younger patients as they are generally more anxious during surgery. Spinal
anaesthesia, using ropivacaine 0.2% without admixture of opioids does not induce
unacceptably high urinary retention rates leading to unplanned admissions. An
additional local incisional block with ropivacaine 0.2% can be very useful,
especially in day-care treatment. In other situations general anaesthesia might be
the option of choice.

7.2.4 Incision

After disinfection and sterile draping of the groin area, the operation starts by
drawing a line between the lower edge of the superior anterior iliac spine and the
pubic tubercle. The distance is then measured. For most patients this will range
between 10 and 13 cm. Halfway along this line we start the incision and proceed
medially for 3 cm at an angle of approximately 30 degrees (Fig. 7.1). By doing
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Fig. 7.1 Skin incision for a
right inguinal hernia starting
halfway along the line
between the superior anterior
iliac spine and the pubic
tubercle over 3 cm to the
medial side

so, we centre the incision precisely over the deep inguinal ring and the epigastric
vessels. The iliac vessels will then always be just at the lateral edge of the incision
and serve as an important reference point at the time of mesh introduction.

7.2.5 Superficial Dissection

The skin, subcutaneous fat,and Scarpa’s fascia are opened down to the aponeurosis
of the external oblique muscle and the external orifice can be visualized. The
external oblique aponeurosis is then opened, taking caution not to harm the
ilioinguinal nerve, and the inguinal canal is exposed (Fig. 7.2).

An important modification compared to the former description of this
technique [7] is not to perform extensive dissection to locate the hernia defect,
but, if possible, to let the patient strain or cough and in that way visualize the
defect. There is absolutely no reason to completely section the cremasteric muscle
and to skeletonise the cord structures. This may only increase the harm done to
the inguinal nerves.

7.2.6 Approach for Indirect Hernias (Fig. 7.3)

In the case of an indirect hernia, the sac is completely dissected until its entrance
through the internal orifice. At the level of the orifice, the preperitoneal fat can
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Fig. 7.2 a Superficial dissection of the subcutaneous fat and Scarpa’s fascia. b Incision of the
aponeurosis of the external oblique muscle

Fig. 7.3 The approach for
entering the preperitoneal
space in case of an indirect
hernia
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now be seen. It is important at this time to visualize the epigastric vessels before
entering the preperitoneal space. The posterior sheet of the transversalis fascia
should be opened at the level of the dilated deep internal ring to enter the space
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Fig. 7.4 Complete
parietalization of the cord
structures

els and cord
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of Bogros. From that moment on, the epigastric vessels will be retracted softly
upwards. After palpation of both Cooper’s ligament and the pubic bone to ensure
the dissection will be done in the right avascular preperitoneal plane, gauze can be
introduced into the preperitoneal space towards the space of Retzius. By doing so,
most of the dissection medially will be performed bluntly. The index finger can
now be introduced medially performing further dissection, first cranially, leaving
the preperitoneal fat attached to the peritoneum. The fatty tissue is then swept off
from the iliopubic branch of the iliac bone, the pubic symphysis, the rectus muscle
and the transverse muscle in succession, thus enlarging the preperitoneal space to
accommodate the mesh.

The next step, crucial for a good accommodation of the mesh in the
preperitoneal pocket, is to parietalize the peritoneum off the cord structures as far
as possible, even inside the abdominal cavity where the spermatic cord separates
from the spermatic vessels (Fig. 7.4). In very obese patients this can be difficult to
achieve through a 3 cm incision. However, especially for larger indirect hernias
this is essential for preventing later recurrences. By doing this there is no need to
create a new internal orifice.

A last critical point in using this technique is to obtain a sufficient pocket at
the lateral side of the internal orifice. To facilitate this part of the dissection, it can
sometimes be helpful to introduce gauze laterally. One should only be satisfied
with the created pocket once the index finger can reach the superior anterior iliac
spine easily.
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Fig. 7.5 The approach for entering
the preperitoneal space in the case
of a direct hernia defect
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7.2.7 Approach for Direct or Femoral Hernias (Fig. 7.5)

In case the surgeon feels more comfortable to completely dissect the direct
hernia sac, in the absence of an indirect component, he can incise the direct
hernia sac (both layers of the transversalis fascia have to be incised) at its base
circumferentially. The preperitoneal fat will then immediately be visualized and
you can enter the preperitoneal space. Again, the epigastric vessels should be
identified, on the lateral side of the defect in this situation, and protected by a
retractor upwards. The preperitoneal space is created in the same manner as in the
indirect hernia. In cases of a femoral or obturator hernia, the transversalis fascia
has to be incised from the internal ring.

In our experience, we prefer handling all types of hernia through the deep
internal ring as it is very easy to reduce direct hernias by approaching these from
the lateral side, while reduction and dissection of an indirect hernia sac might be
more difficult. In the case of a combination of an indirect and direct hernia, or
when the direct component is difficult to reduce, one could also prefer to open the
transversalis fascia over a few centimetres through the deep inguinal ring.

7.2.8 Introduction of the Mesh and Adequate Mesh Placement

After creation of the appropriate pocket, a malleable flat retractor is introduced
medially to recline peritoneum, preperitoneal fat and the lateral aspect of the
bladder. Introduction of the mesh can now be performed, by sliding the mesh over
the malleable retractor.
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Fig. 7.6 Introduction of the mesh by sliding it over the retractor

The use of a mesh with a memory facilitates the introduction and fast
placement. Different meshes are available. The Polysoft mesh consists of a
polypropylene mesh with a resorbable memory ring. It has an oval shape and
exists in two sizes: medium (14 x 7.5 cm) and large (16 x 9.5 cm). Laterally, a
notch has been manufactured in the mesh to allow proper deployment over the
iliac vessels. The main disadvantage of this mesh is the interrupted memory at
the lateral side, which limits the complete deployment of the mesh in some cases,
which might lead to pain or long-term recurrences.

Another possible mesh frame is the Rebound HRD shield, which consists of a
large polypropylene mesh with a non-resorbable nitinol frame. It is also available
in two sizes: small (14.93 x 10.31 cm) and large (16 x 11 cm). This mesh has a
continuous memory ring that facilitates lateral flat mesh placement.

The medial side of the mesh is grasped with a blunt clamp, and the mesh is
introduced in the direction of the pubis, up to the tendon of the rectus muscle,
keeping the malleable retractor still in place (Fig 7.6). The clamp can then be
removed from the mesh as well as the malleable retractor. Although the created
pocket is medially large enough to do so, it is important not to introduce the mesh
too medially. Especially for indirect hernias, an adequate overlap of the mesh
lateral to the deep internal ring is necessary.

From that point the mesh has to be manipulated by two forceps at its edges
to allow perfect placement both underneath the muscles and laterally covering
the iliac vessels until the outer tip of the prosthesis almost reaches the superior
anterior iliac spine. By placing a retractor in the lateral pocket and keeping it up,
this aspect of the technique can be facilitated.
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Fig. 7.7 Final position of the mesh covering all orifices

7.2.9 Final Position of the Patch (Fig. 7.7)

Further accommodation of the mesh can be achieved by a Valsalva manoeuvre,
by increasing the pulmonary end-expiratory pressure by the anaesthesiologist, or
by letting the patient strain and cough in the case of local or spinal anaesthesia.
Once the mesh seems to be in position, it is important to check medially that there
is sufficient overlap of the pubic tubercle and on the lateral side that there is flat
mesh deployment towards the iliac spine.

7.2.10 Fixation and Closure

No suturing or tacks are necessary to fix this type of mesh. The memory ring will
hold tension on the mesh and as the created preperitoneal pocket just matches
the size of the mesh to be used, migration of the mesh seems impossible. The
aponeurosis of the external oblique muscle is then closed using resorbable sutures
3/0. Subcutaneous tissue and skin are closed as well with absorbable sutures 2/0
and 4/0, respectively.

7.2.11 Postoperative Recommendations

In total this procedure takes between 15 and 45 minutes depending on the size of the
hernia and the dissection necessary to completely free the sac. We advise patients
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to take analgesics for 2 days and mobilize from day 1 without limitations. The time
patients need to return to their normal daily activity is between 2 and 4 days and
the time to return to full activity, including their job and sports, is around 14 days.

7.3 Discussion

In our opinion, five issues need to be addressed when evaluating possible
aetiologies for pain after inguinal hernia repair: small incision; minimal dissection
around the inguinal nerves; location of the mesh in the preperitoneal space, and
not in contact with the nerves; minimal or no fixation of the mesh; no extensive
amount of material, to prevent severe local inflammation and fibrosis around the
nerves and the cord structures during tissue ingrowth.

The avascular preperitoneal space is biomechanically and physiologically an
ideal location for our mesh reinforcement, as it is avascular and during ingrowth
no scar tissue will implicate the nerves or the cord in the long term.

Using an incision of only 3 cm is beneficial for the patient, considering both
aesthetics and postoperative pain. Although perhaps not important to surgeons
(“the greater the incision, the greater the surgeon”), patients tend to compare the
aesthetic aspects of surgery, certainly in competition with laparoscopic techniques.

Although this transinguinal approach still includes dissection around the
inguinal nerves, we advocate minimal dissection around the hernia sac only and
not to take down all cremasteric muscles, nor to free all boundaries of the inguinal
canal itself as in a Lichtenstein repair. Checking for indirect hernias in the case of
medial defects is of course mandatory to prevent early recurrences.

To allow quick and adequate placement of a mesh through this limited incision
in the preperitoneal space, a mesh with enough memory is advisable. Moreover,
although the transinguinal preperitoneal approach itself is far from innovative
[7-11], this technique allows for an efficient repair with adequate visualization of
inguinal anatomy, which is rather difficult using a flat mesh.

Fixation is one of the main aetiologies for postoperative pain in all mesh
augmentations for abdominal wall surgery. Therefore, we consider it favourable,
as in laparoscopic inguinal hernia repair, that this mesh needs no or minimal
fixation. The intra-abdominal pressure as well as the forces of the abdominal
muscles will keep the mesh in place. Compared to the Lichtenstein method or
the plug-and-patch techniques, this might most probably decrease the amount of
postoperative pain.

There is absolutely no need to create a new internal orifice by splitting the mesh.
This implicates, however, and this needs to be stressed, a complete parietalization
of the cord up to the level where the vessels separate from the spermatic cord
“intra-abdominally”. The same idea is true for laparoscopic techniques, where the
mesh is never split. To deal with possible shortcomings on the lateral border of the
patch, large-sized patches are appropriate for most indirect hernias.
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The TIPP technique is a preperitoneal mesh repair that can be offered to

patients using a highly standardized surgical technique. In the case of adequate
knowledge of the preperitoneal anatomy the TIPP technique is easy to perform
and, according to the current literature, it is efficient, safe and with a low rate of
chronic pain [12-15].
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Open New Simplified Totally Extraperitoneal 8
(ONSTEP) Technique for Inguinal Hernia Repair

Jacob Rosenberg and Kristoffer Andresen

8.1 Introduction

The ONSTEP technique for inguinal hernia repair was developed by two surgeons
from Portugal, Lorenzo and da Costa [1]. For several years there has been a trend
towards placing the mesh in the preperitoneal space rather than below the external
aponeurosis as in the Lichtenstein repair. The reason for this has been reports of
reduced pain after surgery, especially levels of chronic pain, with the preperitoneal
mesh replacement as in laparoscopic repair [2].

There are several different operative techniques available for preperitoneal
mesh replacement including the transinguinal preperitoneal approach (TIPP) [3]
and transrectus sheath extraperitoneal procedure (TREPP) [4] and others, but these
techniques may be difficult to approach for the novice surgeon. Thus, Lorenzo
and da Costa thought that there was a need for a new method with a technically
easier approach and therefore a shorter learning curve for the young surgeons.

The present status for the ONSTEP technique is that it is currently used in
several surgical departments and there are also a few ongoing research projects
evaluating the technique [5, 6]. Currently, the technique has only been spread
to some countries in Europe, mainly because the mesh has not been available in
the United States until recently. Surgeons in the United States and Asia will soon
be exposed to this new technique, hopefully resulting in more scientific trials
evaluating the pros and cons.

The aim of the present chapter is to introduce the ONSTEP technique and
give an overview of the current available clinical data. Furthermore, we discuss
the technique’s perspectives and the possible future role of ONSTEP in inguinal
hernia repair in adults.
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8.2 The ONSTEP Technique

The ONSTEP technique is special because it involves both the preperitoneal space
as well as the space between the external and internal aponeurosis. Thus, it can be
seen as a mixture of a preperitoneal technique and a fully external approach [1].
Because of space limitations the reader is kindly referred to a detailed description
of the operative technique published previously [1].

8.2.1 Why aTechnique that Involves two Different Planes?

An intriguing part of this surgical technique is that it involves two different
planes. The medial part of the mesh is placed in the preperitoneal space, the space
of Retzius, and the lateral part of the mesh is placed between the internal and
external aponeurosis, i.e. the same place as we place the mesh in the conventional
Lichtenstein repair. The mesh is not sutured to tissue and this special mesh
placement will ensure that it stays in place even though it is not fixated to the body
structures. This special mesh placement also has the special effect that it will grab
the abdominal wall, especially when the patient is standing up where gravity will
put force on a flat mesh placed simultaneously between the external and internal
aponeurosis (lateral part) as well as a mesh placed in the preperitoneal space
(medial part). In the ONSTEP technique the mesh has a kind of a handgrip shape
holding the abdominal wall and thereby keeping the hernias in place. This may
be the mechanism of action of the ONSTEP technique and could explain the low
recurrence rates and together with the lack of mesh fixation and the very gentle
dissection technique, probably explain the extremely low risk of chronic pain [7].

8.2.2 The Onflex Mesh

A special mesh has been designed for the ONSTEP operation (Fig. 8.1). This mesh
is called the Onflex mesh. It has a stiff ring along the border of the mesh in order
to keep it deployed in the preperitoneal space. The ring is made of absorbable
material so that it will not cause concern for the patient. Before the Onflex mesh
was available we used the Polysoft mesh for the ONSTEP operation. This mesh
has a non-absorbable ring, so that skinny patients could sometimes feel it and had
pain from especially the lateral part of the mesh which lies between the external
and internal oblique aponeurosis. If the patient is skinny and has the Onflex mesh
in the correct position, then even though he or she may feel the lateral part of the
ring in the beginning, these complaints will disappear when the ring is absorbed.
The mesh is made of polypropylene, is low weight and with large pore sizes.
This should enable better ingrowth in the healing period after mesh placement.
Furthermore, it has a pocket which will make it easier to position the mesh in
the preperitoneal space. When the mesh is positioned the pocket is meant for the
index finger of the surgeon.
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Fig. 8.1 The Onflex mesh
for ONSTEP inguinal hernia
repair. Reproduced with
permission from Bard-Davol
Inc.

8.2.3  Pain from the Recoil Ring

There are thousands of patients who have had the ONSTEP procedure with the
Polysoft mesh. In the Polysoft mesh the ring is non-absorbable and if the patient
is skinny, there may be complaints from the lateral part of the mesh where the ring
will lie close to the skin. In such a case we usually recommend that the patients
should wait for 6 months in order for the mesh to be fully integrated into the tissue,
especially in the preperitoneal position and on the muscle plate between the two
aponeuroses. Then the patient is offered a small reoperation where an incision of
about 1 cm is performed on top of the palpable part of the ring corresponding to
the lateral part of the mesh. Then the two ends of the ring are dissected and cut and
the ring can be withdrawn in full. We have made a video clip of this procedure [8].
Usually after ring removal the patient will have no complaints.

8.2.4 Recurrence Repair after Previous ONSTEP

Some surgeons may have concern about how to repair a recurrence after previous
ONSTERP repair, because the mesh will be present both preperitoneally as well
as between the two aponeuroses laterally. It is, however, no problem at all to do
a recurrence repair after a previous ONSTEP. It may preferably be done by two
different approaches, one being a simple re-ONSTEP procedure, and the other
by laparoscopic operation. If doing a re-ONSTEP then you dissect on top of the
previously placed mesh, with dissection between the mesh and the pubic bone
making a new space for a new Onflex mesh. A mesh is then placed between the
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old mesh and the pubic bone without removing any part of the old mesh. With
a laparoscopic repair we use the transabdominal preperitoneal (TAPP) approach
and it has been easy to take down the peritoneum from inside and then simply
put a standard flat mesh in the preperitoneal space as a standard TAPP procedure.

8.3 Clinical Data

The first clinical data regarding the ONSTEP technique is a large and impressive
series of patients from two centers. The inventors presented 693 patients operated
with the technique and followed up for one year [1]. Several findings from this
paper showed a promise of a better open technique. Firstly, the degree of pain
was very low, and none of the patients had chronic pain at one-year follow-up.
Secondly, only four recurrences (0.6%) were found with three of them being in
women. This has led the inventors to slightly modify the technique for female
patients. Third, a very short duration of surgery — mean (SD): 17 (6) minutes —
was found, which can be cost-saving for a department since it will allow for more
patients being operated in one day. Such a large series with promising results called
for further scientific exploration of the technique and also justified the conduction
of randomized controlled trials. Surgeons from other countries in Europe visited
the inventors, learned the technique, and started operating at their own centers.

The first published results from outside Portugal were from Denmark and in-
cluded 80 patients, with follow-up by standardized questionnaires [9]. Results
were good, albeit with the use of questionnaires and not a dichotomous pain regis-
tration some patients were found to have pain, but at very low levels. Later, results
were presented from a series from Greece [10]. Results were still similar, with low
levels of postoperative pain and no patients with chronic pain. A similar report was
published from the Czech Republic [11], still with promising results (Table 8.1).

The non-controlled series outside the departments of the inventors supported
the promising results, but are all at risk of bias since no randomization and/or
control group was added to any of the studies. Furthermore, follow-up time and
methods were not standardized. Therefore, there was a need for randomized
clinical trials. As of December 2015, two prospective trials can be found on
the WHO trial search portal [12]. Both studies are from Denmark. One is the
ONSTERP versus Lichtenstein (ONLi) study, with 290 included patients and one-
year follow-up [5]. The other, ONSTEP versus Laparoscopy (ONLap), is still
recruiting patients [13]. Both studies are being conducted as multicenter studies
with general surgical departments, i.e. not specialized hernia centers.

The early results from the ONLi trial demonstrated a safe implementation
of the technique, with results similar to the Lichtenstein technique [13]. The
only significant difference found in the early results was the duration of surgery.
Patients were followed up with several questionnaires and at 6-month follow-up a
significant difference was found, favoring the ONSTEP technique in the number
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Table 8.1 Case series

Country No Study type Persistent Recurrence  Minutes

Pain
Portugal [1] 693 Case series 0% 4 (0.6) 17 (+6)
Denmark [9] 80 Case series 4.5% 0 24 (13-53)
Greece [10] 33 Case series 0% 0 33.28 (+11.69)
Czech [11] 72+25  Case series 0% 2 18-35

of patients experiencing pain during sexual activity [14]. Follow-up for pain at 6
and 12 months showed that the number of patients with non-sexual pain as well as
the intensity of pain were similar in the two groups. A noteworthy finding was that
two patients in the Lichtenstein group experienced disabling chronic pain after
surgery. Both had the mesh surgically removed as well as neurectomy conducted
around 6 months postoperatively with complete resolving of pain for one patient
but persisting pain for the other. No patients in the ONSTEP group experienced
these disabling symptoms.

The ONLap study is designed to show non-inferiority between the ONSTEP
and the laparoscopic technique (TAPP), i.e. similar levels of postoperative pain.
The rationale is that the ONSTEP technique has some advantages compared to
laparoscopy and therefore if non-inferiority can be demonstrated regarding pain
other advantages will justify it as a valid alternative. The advantages are that the
ONSTEP technique has a shorter duration of surgery, it does not require the same
expensive equipment as laparoscopic repair, and it is likely to have a much shorter
learning curve.

8.4 Learning, Training, and Implementation

The ONSTEP procedure has a shorter duration of surgery than a standard
Lichtenstein or laparoscopic repair and surgeons learning the technique find it
easy to learn. To our knowledge, it has primarily been learned by surgeons already
familiar with hernia repair, and therefore experience is lacking as to how well
younger surgeons in training can pick up the technique. We believe that it will be
easier to learn than the Lichtenstein repair, but solid data are missing to support
this. It is very likely easier to learn the ONSTEP technique compared to the
laparoscopic techniques (TEP or TAPP), since no endoscopic skills are needed.

Implementation of the ONSTEP technique can be done if surgeons with
experience are willing to learn the technique. It has been suggested that the
optimal way of learning the technique and subsequent implementation is when
the training is done as proctoring [15]. When training surgeons in the ONSTEP
technique, some concerns and difficulties need to be addressed, such as fear of the
preperitoneal space [16].
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8.5 Health Economics

A formal health economics analysis comparing the ONSTEP method with
laparoscopic and Lichtenstein repair has not been conducted yet, but it is planned
to use the data from the ONLi and ONLap randomized trials [5, 13] for such an
analysis. It is expected that the ONSTEP method will prove to be cost-saving
compared to the laparoscopic techniques and comparable or maybe even cost-
saving compared to the Lichtenstein technique.

Compared to the laparoscopic technique, the Lichtenstein technique has
been demonstrated to result in lower costs [17], mainly due to the cost of
equipment, sterilization, and time in the operating room. The level of pain, minor
complications and sick-leave is expected to be similar between the laparoscopic
and the ONSTEP technique, so the cost from sick leave will probably be equal in
the two groups. The laparoscopic technique results in a low, albeit increased risk
of serious complications that can result in increased costs.

Compared to Lichtenstein, the costs of conducting the ONSTEP are more or
less comparable but with a more expensive mesh. However, the price of the mesh
might be justified by the shorter duration of surgery, which in some healthcare
systems is an important economic factor. However, it is well known that the
Lichtenstein technique carries a risk of serious disabling chronic pain, that
results in tremendous cost for society because of resulting unemployment, for the
employer because of long sick leave and for the insurance, be it public or private,
because of unemployment benefits. The development of disabling chronic pain
seems so far to be avoided with the use of the ONSTEP technique.

Furthermore, if the assumptions regarding a shorter learning curve are true,
younger surgeons will not need the same amount of supervision, which can free
hands in the surgical department and thereby be cost-saving, compared to training
surgeons for the Lichtenstein or laparoscopic repairs.

Firm conclusions regarding the health economics aspect of the ONSTEP
technique can only be made when results from the ongoing trials are combined
and analyzed.

8.6 Perspectives

If data with the ONSTEP procedure continue to be robust and shown by different
research groups to produce distinctly low levels of severe disabling chronic pain
and comparable levels of acute pain and recurrences, then there may be a place for
the ONSTEP procedure in the routine surgical armamentarium for repair of inguinal
hernias. The procedure is fast and easy to learn, as well as advantageous compared
with both the Lichtenstein and the laparoscopic procedure. Thus, ONSTEP may be
first choice for primary inguinal hernias in men. In women it may be different since
the operative procedure is different and technically more difficult than in men.
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Table 8.2 Suggested treatment strategies of inguinal hernias. This could become effective if other
research groups can reproduce the findings and the health economics analysis supports use of the
Onstep technique

Current hernia Previous operation Recommended procedure

Male primary hernia = Onstep

Male, recurrent hernia Lichtenstein Laparoscopic repair
Laparoscopic repair Onstep
Onstep Laparoscopic repair or Onstep

Female, primary hernia - Laparoscopic repair

Female, recurrent hernia Open procedure Laparoscopic repair
Laparoscopic repair Lichtenstein

Male, special cases (prostate cancer, = Onstep or Lichtenstein

extensive surgery, etc.)

It could therefore be argued, that the laparoscopic procedure should still be first
choice for women, as recommended in previous guidelines [18, 19].

If the patient has a recurrent hernia then an ONSTEP procedure may be used
after previous ONSTEP or after previous laparoscopic repair. If the patient has a
previous Lichtenstein repair, then a laparoscopic approach will probably be the
easiest technically to perform. The main goal of changing strategy for choice of
operation for inguinal hernia repair will be to avoid the Lichtenstein procedure
because of the well-known production of severe disabling chronic pain in some
patients. A new strategy could therefore be as shown in Table 8.2. This, however,
has to be supported by trial data from other research groups confirming the current
available results, as well as a health economics analysis showing advantages for
the ONSTEP procedure compared to the Lichtenstein as well the laparoscopic
approach.

8.7 Conclusions

The ONSTEP procedure was introduced by two surgeons from Portugal and has
been used in the inventors’ clinics with great success. It thereafter spread to several
European countries by proctoring initially at the clinic in Porto and after that also
through local training in other countries. Randomized trials have been performed
and until now they have shown advantages for the ONSTEP procedure compared
with Lichtenstein regarding sexual dysfunction after operation. Another very
interesting feature of the ONSTEP procedure is that until now, after thousands
of procedures, not a single patient with severe disabling chronic pain has been
produced. This is in contrast to the Lichtenstein procedure where it is well
known that some patients will develop severe disabling chronic pain. Overall, the
ONSTEP procedure seems to be very promising and will probably find its place
in routine inguinal hernia repair in the near future.
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Polysoft Patch for Inguinal Hernia Repair 9

Edouard P. Pélissier, Giel G. Koning, and Philippe Ngo

9.1. Introduction

The Polysoft patch for inguinal hernia repair was conceived on the basis of the

following specifications:

* preperitoneal repair by a minimally invasive inguinal approach

e introduction and deployment of a prosthetic patch through the hernia orifice,
without any other damage to the abdominal wall

e covering of the weak inguinal area and femoral orifice with minimal overlap-
ping on visceral and vascular structures

e limiting the amount of foreign material to one single mesh layer.

e sutureless technique.

A flat mesh, equipped with a memory-ring made of absorbable material, so
that only the flat mesh remained in place after the memory-ring was absorbed,
fulfilled these specifications. This was the concept of the initial Pélissier patent
(1998).

Two trials were undertaken by the inventing author to assess this concept. The
first one was carried out on a series of patients with a weak posterior wall, using
a technique derived from the Rives technique, which consisted of preperitoneal
placement of a patch covering only the weak inguinal area and trying to reduce
fixation [1]. Nevertheless, in most cases sutures could not be avoided, due to the
flexibility of the mesh. Consequently, a new trial was carried out, using a flat mesh
equipped with a sort of memory-ring made with a PDS cord [2]. Though it was not
an actual recoil ring, deployment of the patch was facilitated and fixation sutures
were reduced to a minimum.

Later on, collaboration with Davol (a subsidiary of Bard Inc.) to develop
this concept resulted in the Polysoft patch. Despite the initial specifications, for
technical reasons the patch was not equipped with an absorbable memory-ring, but
with a ring made of flexible polyethylene. In the first feasibility study of Polysoft,
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in two-thirds of indirect hernias the patch was split to accommodate the spermatic
cord, in accordance with the Rives technique, and in one-third of the cases the
cord was parietalized and the patch was not split [3]. Two recurrences protruding
through the slit in the patch occurred in the first 171 cases [4]. Considering this fact
and the experience of Berrevoet et al. [S], who immediately started parietalizing
the cord instead of splitting the patch, the inventing author definitively switched
to parietalizing the cord and not splitting the patch [6].

9.2 The TIPP (Transinguinal Preperitoneal Patch) Technique
9.2.1 Operative Technique

A short (3-5 cm) skin incision is carried out at the level of the deep inguinal orifice.
The external oblique aponeurosis is incised and a self-retaining retractor (e.g., Gelpi)
is placed. The ilioinguinal nerve is identified and preserved; identification of the
iliohypogastric nerve and genital branch is not necessary since they are not affected
by the dissection. The spermatic cord is taped. Contrary to what occurs in the
Lichtenstein repair, no extensive dissection between the external oblique aponeurosis
and internal oblique muscle is undertaken. The type of hernia is determined; spinal or
local anesthesia can make it easier for the patient to strain and to cough.

In indirect hernias the cremaster is cut at its insertion around the deep inguinal
orifice, to facilitate identification of the epigastric vessels at the medial margin,
but it is not resected and it may be reinserted with a few stitches at the end of the
procedure. The sac is dissected and reduced into the preperitoneal space. Blunt
preperitoneal dissection is carried out through the internal orifice. It is initiated
with a blunt curved clamp (e.g., Kelly clamp), just under the epigastric vessels,
at the medial margin of the internal ring. Then a gauze is introduced through the
deep orifice and dissection is extended with the index finger using this “dissection
gauze”. Dissection starts first medially, in the space of Retzius, up to the pubic
bone. Then lateral dissection is carried out in the space of Bogros, up to the iliac
spine or close to it. This lateral dissection may be a little bit more difficult, due
to the tougher adherence between the peritoneum and abdominal wall, but it is
achieved by proceeding gently with the finger and the moist dissection gauze.

The extent of dissection must be sufficient to accommodate the patch, but
more extensive dissection is neither necessary nor useful. In practice, the length
of the index finger in the direction of the pubis and in the direction of iliac spine,
as well as the same in width, is adequate.

At the end of the dissection, the gauze is removed before proceeding
to placement of the patch. The size of the patch (medium or large) is chosen
according to anatomy.

The medial half of the patch (widest side) is introduced first in the direction of
the pubic bone. To do so, one angled retractor lifts the epigastric vessels, another
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one (blade retractor) reclines the peritoneum medially, so that the Cooper’s ligament
becomes visible. The widest end of the patch, grasped with the Kelly clamp, is
introduced in the direction of the pubis. Then, the clamp and retractors are removed.

To introduce the lateral part of the patch, two retractors lift the lateral edge
of the internal orifice and, using a clamp in one hand and a toothless forceps in
the other, the surgeon manages to gently introduce the lateral half of the patch
in the lateral compartment of the preperitoneal space. Then, the retractors are
removed and deployment of the patch is achieved with the finger by pushing
on the memory-ring. The counter-pressure exerted by the patient straining can
facilitate deployment. Asking the patient to strain helps check that the prosthetic
patch has securely fixed the hernia bulge. In cases where a small protrusion still
occurs this is easily corrected by readjusting the patch. For this reason, local
or spinal anesthesia are good choices. Thanks to the abdominal pressure, the
memory-ring and the limited dissection, no fixation of the patch is required. The
external oblique aponeurosis, Scarpa’s fascia and the skin are sutured.

In direct hernias a circular incision of the transversalis fascia is performed
at the base of the sac and the sac is reduced. Then, preperitoneal dissection and
placement of the patch are carried out through the fascia orifice. It should be
emphasized that checking for a small unapparent indirect sac is mandatory, and
that the lateral dissection is extended as far as for an indirect hernia, to parietalize
the cord and correctly cover the lateral compartment. The procedure is very easy
in the case of large mixed hernias in which both components are evident.

9.2.2 Tips and Tricks

The avascular preperitoneal plane of dissection is located between the deep
aspect of the transversalis fascia and the preperitoneal fat, which is attached to the
peritoneum. As small blood vessels are contained in the fat, they are not damaged
when dissection is carried out in contact with the fascia. Therefore, for a bloodless
dissection to be carried out, the finger pad or the blunt tip of the Kelly clamp
must constantly face upwards and keep in contact with the fascia. This plane of
dissection can be aided by infiltration of local anesthetic. As for major vessels,
they are easily palpated and protected by the vascular sheath.

The “dissection gauze” is not intended to create the pocket by its volume, but
it is used for blunt dissection, moved with the fingertip, like a gauze nut.

When switching from the dissection of medial to that of lateral compartment,
changing hands can facilitate the gesture.

The gauze must be removed before introducing the patch, thus it may be useful
to set two practical rules: 1) never use more than one gauze, 2) the nurse only gives
the patch to the surgeon after the surgeon has given back the “dissection gauze”.

When grasping the patch with a toothless clamp to introduce it medially,
it is important that: 1) the clamp does not hold the memory-ring, 2) the clamp
is positioned under the patch, so that the patch is bent over the clamp and its
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curvature fits with the convex shape of the peritoneal sac and the concave shape
of the deep aspect of the abdominal wall. Doing so facilitates patch deployment.

When introducing the patch medially, do not follow the natural tendency to
push it too far, because in this case covering of the lateral compartment will not
be sufficient. Only the medial half of the patch — no more — is introduced medially.

When introducing the lateral end of the patch laterally, do not follow the
natural tendency to push towards the umbilicus. The correct direction is towards
the iliac spine.

Correct deployment of the lateral part of the patch is essential, because in the
case it is not totally flat and the tip kinks up into the muscular wall, it may induce
discomfort. If this occurs, a very simple solution can relieve such symptoms. A
short skin incision (1-2 cm) located over the kink is performed in local anesthesia.
A small opening of the funnel containing the memory-ring is performed with the
scalpel or scissors and the plastic ring is easily pulled out.

The counter-pressure exerted by straining facilitates patch deployment.
Therefore, spinal or local anesthesia is very useful. It is suggested to start these
repairs under spinal or epidural anesthesia in the first instance.

9.2.3 Results

The TIPP repair fits well with day case surgery. In the initial series it was performed
with an overnight stay in half of the cases, principally because of national regulation.
However, in a recent French series the percentage of day surgery evolved with
national rules and increased from 48% in 2010 to 72% in 2012 [7], and in the
TULIP trial the majority of repairs were performed as day cases [8].

Postoperative pain is indeed tolerable. Pain assessed by visual analog scale
was rated at 1.67/10 and 2.7/10 in two series [3, 5] and the percentage of patients
who did not take analgesics was 6% and 15% [3, 9]. The time off work was around
two weeks. Intraoperative events reported in one series [7] occurred in 4%. They
included peritoneal tears and injury of epigastric vessels and were easily managed
by peritoneum suture or vessel ligature. The percentage of postoperative complica-
tions was around 5-7%. All were benign superficial complications. There were 0.4
to 4% hematomas, but cases of severe bleeding have not been reported [4, 5, 7].

At a mean follow-up of two years, the recurrence rate was 0.4 to 1.5% [4, 5,
7]. In one study, three recurrences (2%) were diagnosed by systematic ultrasound,
but they were not perceptible at physical examination [9], which makes their
true significance debatable. No serious complications and no cases of testicular
atrophy have been reported. The percentage of chronic pain ranged from 2.5%
to 4.8% in two series [5, 9]. It was 7% in the initial evaluation but since the
inventing surgeon wanted to be as objective as possible, this included one case
of preoperative pain that remained unchanged after operation and three cases of
pain that could clearly be related to causes other than surgery [4]. In the largest
series looking at quality of life assessment, pain was globally rated as mild; only
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0.8% of the patients rated their pain as severe, but they also declared they did not
take any analgesics and that they experienced no impairment in professional and
leisure activity, which suggests a possible misunderstanding of the rating scale
used [7]. There was no case of debilitating pain and none of the patients took
regular analgesics, with 97% considering their overall result as good or excellent.

The TULIP trial was a randomized double blind clinical trial comparing TIPP to
Lichtenstein, using an accurate methodology, focused on reducing the risk of errors
in the dimensions of bias, random error and the chosen outcome measures [8]. The
operation time was shorter with the TIPP (34 minutes vs. 40 minutes). Postoperative
complications were significantly fewer in the TIPP group (6.4% vs. 20.3%). Serious
complications, especially bleeding, were not observed. Postoperative pain was
not different in the two groups, probably because in both repairs the wound was
infiltrated with local anesthetic. The mean time to resume activities of daily life,
including work and sport, was significantly shorter for patients in the TIPP group
(9.9 days vs. 16.4 days). The recurrence rate was not significantly different, though
it was higher in the Lichtenstein group (2.6% vs. 1.4%). There were significantly
fewer patients experiencing continuous chronic pain as well as activity-related pain
in the TIPP group (3.6% and 8.5% respectively) than in the Lichtenstein group
(12.9% and 38.5% respectively). The percentage of persisting numbness was higher
with the Lichtenstein (49.7%) than with the TIPP repair (10.5%).

Evaluation of health status using the SF36 questionnaire showed that the di-
mensions of physical pain and physical functioning were better for patients oper-
ated on by TIPP than by Lichtenstein [10]. The economic evaluation concluded
that from a hospital perspective there were no differences between the two meth-
ods, but from a societal perspective a significant difference in favor of the TIPP
was found, with savings of 1,472 Euro, essentially because the time off work was
shorter in the TIPP group [11].

9.2.4 Advantages of the TIPP

Preperitoneal location of the patch minimizes the risk of injury to the sensitive
nerves running in the inguinal canal, when nerve injury is an essential factor
of chronic pain. In the Lichtenstein procedure, the wide dissection of the
inguinal canal necessary to deploy the patch, and the fixation required to resist
intraabdominal pressure, can result in nerve damage. The crucial role of nerve
damage may be underlined by the great number of publications aimed at dealing
with nerve management, such as nerve identification, neurolysis, nerve resection,
use of glue or self-adhesive patch.

Unfortunately, identification of all three nerves — especially the genital branch
— is not always possible and neurolysis is even a risk factor of chronic pain [12].
Nerve entrapment by sutures may be avoided by using glue, but the results of
meta-analyses are controversial, the efficacy of glue to minimize chronic pain is
not really established and self-adhesive patches do not do any better [12]. All of
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this is understandable, since glue can prevent nerve entrapment by sutures, but
not the chronic inflammatory reaction induced by the patch, which can involve
and damage the nerves, as demonstrated by an experimental study on rabbits
[13]. An inguinal approach is a risk factor for chronic pain per se [12], but this
was established by studies that did not include the TIPP. The case may very well
be different with the TIPP, since dissection of the inguinal canal is limited, the
patch does not come into contact with the nerves and no fixation is required. The
superiority of the TIPP has been clearly demonstrated by the TULIP trial with a
low risk of bias [8, 10].

The benefits of the preperitoneal patch have been demonstrated by two high-
quality randomized trials, which showed that the total extraperitoneal approach
(TEP) provided better results than the Lichtenstein and concluded that TEP
could be recommended as the optimal technique in experienced hands [14—
16]. Reference to the surgeon’s skill is important, because of the limitations of
laparoscopic techniques. Laparoscopy does indeed require general anesthesia with
deep relaxation, it is more demanding than open techniques, the learning curve is
longer and it can induce more complications. TIPP is easier: in the TULIP trial,
surgery was performed by senior surgeons assisted by residents as well as by
residents assisted by senior surgeons, and the mean operation time was 34 minutes.

TIPP does not require general anesthesia with curare. It can be performed
with a laryngeal mask without curare [7], or with spinal anesthesia. It can also
be carried out in local anesthesia with sedation, provided correct infiltration of
the preperitoneal space is performed using a sufficient volume of 0.5% lidocaine,
rather than a smaller volume or long-action anesthetics [17]. Intraoperative
events are easily managed and the operating duration is less variable than with
laparoscopy, which facilitates the planning of operative room and day surgery
unit. For these reasons, Gillion and Chollet who had a large experience with the
TEP, switched to the TIPP as their preferred method of repair [7].

Another advantage of the TIPP is that switching to another technique, when
dissection of the preperitoneal space is difficult due to a history of preperitoneal
surgery, can easily be carried out through the same incision. In one series, this
was the case in a patient who had a sacral trauma with extensive bleeding some
months earlier [5]. In another series, preperitoneal dissection was possible in 8
of 17 cases with a history of urologic or vascular surgery, but it was not possible
in 9 cases, which were solved by a Lichtenstein or a plug [17]. TIPP is the only
technique of preperitoneal repair that allows conversion without having to perform
an additional incision.

Contrary to laparoscopy that involves a large dissection and a wide overlapping
of the patch on the iliac vessels, TIPP requires less extensive dissection. Only
the preperitoneal pocket necessary to accommodate the patch is created and the
contact between the patch and the iliac vessels is indeed minimal.
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9.3 The TREPP (Transrectus Sheath Extraperitoneal
Procedure) Technique

The TREPP technique was developed by Akkersdijk, based on five principles [18]:
— use a simple, easy-to-learn, open technique

— stay away from the nerves in the inguinal canal during dissection

— mesh positioning in the preperitoneal space, away from nerves

— no need for mesh fixation

— neither dissection nor reconstruction of the inguinal canal.

A description of the technique and preliminary results has been published [18,
19]. The operation is performed under spinal or general anesthesia. The incision
is carried out one finger above the line between the pubic tubercle and iliac spine,
following Langer’s lines. It starts about 1 cm lateral to the midline with a total
length of about 6 cm. The anterior rectus sheath is divided parallel to the incision
and the rectus muscle is retracted medially. At this level the transversalis fascia is
a thin conjunctive layer that is easily divided. The inferior epigastric vessels are
also retracted medially.

Preperitoneal dissection is started medially in the space of Retzius and then
extended laterally in the space of Bogros. A preperitoneal pocket is created,
limited by the abdominal wall ventrally, the psoas muscle dorsolaterally and the
iliac vessels medially. The peritoneum and the indirect sac are separated from
the cord elements. They are reclined dorsally with a retractor, whereas the cord
elements stay applied on the abdominal wall.

In case of a direct hernia, reduction of the sac is easily achieved by dissection
of the space of Retzius, but lateral dissection and cord parietalization must be
achieved to allow correct deployment of the patch.

The Polysoft patch is introduced and easily deployed, applied onto the
abdominal wall, patching all three areas of potential weakness. As a consequence
of the memory-ring and the effect of abdominal pressure, no fixation is necessary.
Only the anterior rectus sheath and skin require suturing.

The preliminary results on 1000 cases are promising [19]. Only 19 benign
postoperative complications occurred; there were no cases of severe complications
and particularly no case of serious bleeding.

There were 11 recurrences (1.2%) and 49 cases of chronic pain, but only four
patients took analgesics and most patients with chronic pain already suffered
from pain prior to operation. Ninety-eight percent of patients declared they were
satisfied with their operation.

TREPP seems indeed to be a promising technique, due to the absence of any
sort of damage to the inguinal nerves, because they are endangered neither by
the dissection nor by the contact with the patch. Nevertheless, the results of the
randomized trial, currently in process ISRCTN18591339), are awaited.
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9.4 The ONSTEP (Open New Simplified Totally
Extraperitoneal) Technique

ONSTEP was developed by Lourenco and da Costa [20]. In this technique the
medial half of the Polysoft patch is introduced into the preperitoneal space
through an opening in the transversalis fascia and the lateral half is placed
between the external oblique aponeurosis and the internal oblique muscle. The
patch is split to accommodate the spermatic cord and the arms of the split are
simply approximated by three stitches. The main advantage of ONSTEP is that
the technique may be easier to perform than the TIPP, because it avoids dissection
of the lateral compartment of the preperitoneal space. This technique is described
by Rosenberg and Andresen in another chapter of this book.

9.5 Future Developments

In April 2015 a new patch called ONFLEX, equipped with an absorbable memory-
ring was launched. In accordance with the original concept, only the flat large-
pore mesh will remain in place after the memory-ring is absorbed. Consequently,
it may be that tolerance will be improved and kinking of the lateral extremity of
the patch will no longer be a problem, but at the expense of the spring effect.
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Minimal Open Preperitoneal (MOPP) 1 O
Technique

Marc Soler

10.1 Introduction

The use of a large preperitoneal prosthesis to treat groin hernias was proposed
more than 50 years ago by Nyhus [1]. Wantz [2] with the same concept presented
a transrectal procedure, which would allow, according to the author’s wishes, the
treatment of complex hernias (e.g., recurrent hernias) under local anesthesia in an
ambulatory setting, but it was not possible to do it in practice.

The Ugahary technique [3, 4] achieved this ambition by combining the
concept of visceral sac reinforcement by means of a large Stoppa prosthesis [5]
with Ugahary’s concept of minimally invasive surgery (small grid iron incision).
However, for many authors, the realization was difficult to reproduce and difficult
to teach.

The new Pélissier [6] prosthesis with a rigid peripheral ring has made the
transinguinal preperitoneal (TIPP) technique possible.

Our minimal open preperitoneal (MOPP) technique is a TIPP technique
that uses the Ugahary principle of preperitoneal space dissection with specific
retractors (Fig. 10.1), through a 3-4 cm incision (Fig. 10.2). The main principle
of MOPP is to unroll a large prosthesis far beyond the limits of the Fruchaud’s
myopectineal orifice. The prosthesis is applied against the abdominal wall by the
underlying pressure. The incision is next to the deep inguinal ring (Fig. 10.2).
The anesthesia can be local or with an ilioinguinal or transversus abdominis plane
(TAP) block. In our practice we use general anesthesia with a laryngeal mask
without intubation and without curarization, associated with local anesthesia. The
instrumentation (Fig. 10.1) is simple but specifically dedicated. Rapid return to
normal activities is an advantage of the technique, contributing to its low cost.
When the general conditions allow, the procedure is performed as a day case
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Fig. 10.1 Specific
retractor

Fig. 10.2 MOPP
incision

(in more than 90% in our practice). Preoperative preparation and precautions are
standard and show no specificity.

10.2 Prosthesis and Instrumentation

The prosthesis is selected according to the need to be unrolled in the preperitoneal
space, through a small incision. A wide polypropylene mesh prosthesis has been
specifically devised for this technique; it has a peripheral hem with a reinforcement
(Fig. 10.3) to facilitate proper deployment of the prosthesis. The prosthesis is
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Fig. 10.3 The MOPP
prosthesis. a Large pore
size polypropylene
mesh. b Non-knitted
non-woven peripheral
reinforcement.

¢ Peripheral hem

available in two sizes, 16.5 cm/12 cm and 13.5 cm/9 cm. The quality of the
prosthesis allows for the minimally invasive technique. This technique requires
some very long and narrow retractors (Fig. 10.1) allowing a wide and deep
dissection. A long dressing forceps with an atraumatic end is used to introduce the
prosthesis behind the pubic bone, in contact with the bladder, without any risk of
causing injury to it.

10.3  Surgical Technique

10.3.1 The Minimal Open Route Between the Skin and the Deep
Inguinal Ring

The skin incision (Fig. 10.2) is deliberately small. With experience it can be
between 25 and 40 mm. It lies immediately in front of the deep inguinal ring.
Several landmarks can be drawn on the patient’s skin. The easiest approach is to
simply connect the superior anterior iliac spine to the pubic tubercle and draw the
incision transversely to the union of the internal and middle third.

After incision of the skin and subcutaneous layers, the fascia of the external
oblique muscle is incised in line with its fibers. The ilioinguinal nerve is generally
identified and preserved.

The spermatic cord is dissected (Fig. 10.4), separating the funicular pedicle
(the blue line) which is left behind. Time to time it is necessary to separate an
old and fibrous medial sac from the spermatic cord. The cord is also separating
from the ilio inguinal nerve. I never cut the cremaster fibers: they are retracted
medially. At this step, a lateral hernia sac is sought: locating a large and old sac
is easy, but sometimes you find a small sac in the most proximal part of the cord.
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Fig. 10.4 Externaliza-
tion of the spermatic
cord

Fig. 10.5 Individualiza-
tion of the lateral hernia
sac

The lateral sac is separated from the cord (Fig. 10.5). Similarly, a lipoma of the
cord will also be dissected and resected, as its persistence may be responsible for
postoperative pain, sometimes feeling like a pseudo recurrence. Parietalization of
the sac is initiated, pushing it through the deep inguinal orifice.

10.3.2 Cleavage of the Preperitoneal Space

Penetration into the peritoneal space starts through the deep inguinal ring,
laterally to the epigastric vessels, previously identified (Fig. 10.6). Cleavage of
the preperitoneal space is initiated (Fig. 10.7), back to the transversalis fascia
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Fig. 10.6 Inferior epiga-
stric vessels identified

inferior epigastric
vessels

Fig. 10.7 Cleavage of
the preperitoneal space
‘ is initiated through the
! deep inguinal ring

deep
inguinal
ring

— which is very fine at this location — pushing it medially and progressing back
to the inferior epigastric vessels; the vessels are pressed against the anterior
abdominal wall, where they will be well protected throughout the procedure with
a retractor. Using the dedicated retractors (Fig.10.8), the dissection extends into
the avascular plane medially and laterally along the inferior epigastric vessels in
the direction of the iliac vessels, quickly and easily, cleaving the spaces of Retzius
and Bogros. Cooper’s ligament is easily spotted, the bladder pushed back, and the
retropubic space is cleared (Fig. 10.9). Dissection of the space for accommodating
the prosthesis continues inwards and upwards with retractors of increasing size.
Facing the upper edge of the incision, the peritoneum may be more adherent to the
superficial plane and must be gradually separated with scissors; it is imperative
to widely open the plane at this level. The top and posterior dissection is easier to
widely explore the psoas muscle.
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Fig. 10.8 a Dissection of the preperitoneal space with the specific retractors. b Dissection of the
preperitoneal space with the specific retractors, synthetic image

Fig. 10.9 Dissected preperitoneal space. a Cooper’s ligament. b Bladder. ¢ Visceral sac. d Sper-
matic cord with a large lateral sac

10.3.3 Parietalization of the Spermatic Cord

The elements of the spermatic cord should be separated from the peritoneum,
about 10 cm relative to the deep inguinal ring, so as to achieve parietalization of
the cord (Fig. 10.10). During the dissection, the spermatic sheet described by R.
Stoppa [7], uniting the vas deferens medially and the spermatic vessels laterally,
must be carefully respected, if possible. After parietalization, this spermatic
fascia can be interposed between the prosthesis and the external iliac vessels.
After dissection of the cord, the “parietalization triangle”, of which the summit
is the spermatic cord, the medial edge the vas deferens, and the lateral edge the
spermatic vessels, is well exposed (Fig. 10.11).

10.3.4 Placing the Prosthesis
We use a mesh having a peripheral reinforcement with a non-rigid hem (Fig.

10.3). The dissected preperitoneal space is held open by three retractors (Fig.
10.12). One of the retractors raises the anterior abdominal wall thereby protecting
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Fig. 10.11 The “parietalization triangle”

the epigastric vessels, the other two long and narrow retractors push back the
visceral sac and the bladder.

To prepare for the introduction of the prosthesis, we use an atraumatic clamp
(dressing forceps) that gauges the distance between the retropubic region released
and the incision. The prosthesis is grasped with this atraumatic forceps at the
middle part of its lower and median edge, and introduced through the incision
parallel to the inguinal ligament, up retropubic region, taking into account the
previously obtained measurement (Fig. 10.12).

The same forceps is used to grasps the upper and lateral part of the prosthesis
and introduce it in the upper and lateral portion of the preperitoneal dissection
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Fig. 10.13 Checking and improvement of the correct position of the prosthesis using a spatula

area. The lower end of the prosthesis is placed behind the pubis. The upper end
is placed in front of the psoas muscle. The prosthesis is thus partially deployed in
the dissection space. Expansion of the prosthesis is completed by using retractors,
finger, and forceps. The correct position of the prosthesis can be controlled and
improved by using a spatula instrument, which can move along the hem of the
prosthesis and possibly remove any folds, thus optimizing good spreading out of
its periphery (Fig. 10.13).

The prosthesis is never fixed. When positioning of the prosthesis is satisfactory,
the spermatic cord is reintroduced under the external oblique muscle fascia.

Once the prosthesis is in place, the operator sees the deep inguinal ring
spontaneously close partially, “like a sphincter”. It is not necessary to suture the
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musculofascial plane. During closure of the external oblique aponeurosis, the
ilioinguinal nerve is carefully avoided. The subcutaneous plane is closed with
two reversing stitches, and adhesive strips are applied to the skin.

Showering is permitted the following day. An adhesive bandage protects the
adhesive strips; this is changed every day, and requires no special care until final
removal of the strips on day 10.

10.4 Indications

All primary, inguinal or femoral hernias can be treated by this technique, in
particular large scrotal inguinal hernias (Fig.10.14) or femoral hernias (Fig. 10.15).

Fig. 10.14 Scrotal hernia. a Preoperative view.
b Day 0 view. ¢ Day 10 view
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Fig. 10.15 Femoral hernia,
externalization of the hernia sac

Fig. 10.16 Recurrent hernia
after Lichtenstein. Black line, the
initial Lichtenstein incision. Red
line, the adapted MOPP incision
to treat the recurrence

In the presence of bilateral hernia, both sides are operated on in the same operating
session, and the two prostheses are superimposed on the midline. Recurrent
hernias without material previously established in the preperitoneal space are a
very good indication. Recurrent hernias after Lichtenstein are also an excellent
indication (Fig. 10.16), with the possibility of setting up a new prosthesis, the
preperitoneal space is often free of adhesion. If the previous prosthesis is retained,
sometimes a plug must be resected.
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10.5 Special Cases
10.5.1 Female Hernias

The round ligament is always distally dissected and sectioned, it is largely
repressed with a possible external oblique sac.

10.5.2 Femoral Hernia
This is an excellent indication for the technique, it is easy to expand the femoral

ring with the finger and repress back fringes incarcerated fat. In its normal
position, the prosthesis covers widely the femoral hole and the obturator foramen.

10.5.3 Scrotal Hernia

It is easy to dissect step by step a bulky inguinal scrotal sac, the distal part of the
sac may be dropped in the scrotum.

10.5.4 Strangulated Hernia

Itis also possible to treat a strangulated hernia. An intestinal loop can be resected if

necessary, through an enlarged transverse incision. Then it is possible to complete
the operation by the same way with or without using prosthetic material.

10.6 Contraindications

Previous radical prostatectomy, pelvic irradiation, or realization of a vascular
bypass with dissection of the preperitoneal space can be a contraindication of
the MOPP technique, as are recurrent hernias with prosthesis implanted in the
preperitoneal space. However, with experience, even in these situations it is
often possible to start with the MOPP technique and, in the case of failure of the
preperitoneal dissection, continue with the Lichtenstein technique with the same
incision. It is not a conversion.
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10.7 Personal Data

A total of 778 hernias were operated on between September 2011 and June 2015.
All cases were treated in an ambulatory setting. Our results have been good, with
few complications and no cases of reoperation (Table 10.1). Satisfaction at 2 years
is excellent. There have been no cases of recurrence during this period. Pain was
rated on VAS (Visual Analog Scale), and the rate of severe postoperative pain is
very low (Table 10.2). Only 97 patients reporting pain at 1 month were reviewed
at 3 months (Table 10.2). For four patients, postoperative pain was worse than
preoperative pain, but no medication or limitation of activity was required.

Table 10.1 Baseline demographic characteristics and outcome of 778 hernias operated between
September 2011 to June 2015

Hernias operated 778
Mean follow-up 711 days

MOPP 644
Technique Ugahary 74
Lichtenstein 25
Patients 534 Men 483 (90.45%), Women 51 (9.55%)
Hernias 644 Unilateral 424 (79.40%), Bilateral 220 (20.60%)
Lateral 401 (62.26%)
Type of hernia Medial 251 (38.97%)

Femoral 28 (4.34%): Female 16, Men 12

Large size (16.5/12 cm) ovoid polypropylen mesh
Prosthesis N=619 260 (42%)

Medium size (13.5/9 cm) ovoid polypropylen mesh,

359 (58%)

Day case 598 (92.8%)
About MOPP Length of stay One night stay 30 (4.64%)
More than one night 13 (2.01%)

Bladder retention 2
Phlebitis 1
Complications Superficial infection 2
Deep infection 0
Reoperation 0

No discomfort 214(97.27%)
Discomfort 5(2.27%)

Attwo years N=220 p1oderate pain 1(0.45%)
Satisfaction: Excellent 212, Medium 1
No recurrence
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Table 10.2 Postoperative pain and chronic pain at days 8, 30, and 90, based on VAS scores (vi-

sual analog scale)

Day 8 Day 30 Day 90
N 624 553 97
VAS 0 337 (54%) 452 (81.73%) 77 (79.38%)
VAS 1-3 225 (36.05%) 77 (13.92%) 9 (927%)
VAS 4-6 57 (9.13%) 19 (3.43%) 10 (10.30%)
VAS 7-8 8 (1.28%) 5 (0.90%) 1 (1%)

10.8 Conclusions

The MOPP technique is a minimal open preperitoneal technique using a large
wide mesh. Nearly all kinds of groin hernias, and all adult patients, can be treated.

A frail elderly patient with a large hernia is a good indication as anesthesia can

be adapted.

The patients are preferably treated in an ambulatory setting according to the
usual criteria and precautions. There are no particular restrictions regarding the
allowed postoperative activities. Our data show a low rate of chronic pain and no
cases of recurrence.
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Jan F. Kukleta

One has to change something
sometimes in order to improve.

11.1 Introduction

The success of laparoscopic cholecystectomy in the late 80s led to an extension
of the minimally invasive technique to one of the most frequent elective
surgical procedures — groin hernia repair. After several ineffective and wrong
laparoscopic concepts of obstructing the hernia orifice had obviously failed, the
giant preperitoneal reinforcement of the visceral sac (GPVRS), an anterior open
technique proposed and practiced by René Stoppa [1], attracted the interest of
innovative laparo-endoscopic surgeons. Moving away from closing the hernia
defects by sutured repair and towards the so-called tension-free repair, Stoppa
covered the myopectineal orifice of Fruchaud [2] using a large polyester mesh
interposed between the two layers of peritoneum - the visceral sac (peritoneum
viscerale) and the endoabdominal fascia (peritoneum parietale). He reinforced the
peritoneum with a mesh-scar-complex to make it inextensible in order to prevent
further sac formation. Endoscopic surgeons, however, reinforce the muscular wall
with the same mesh-scar complex supported by Pascal’s hydrostatic principle
(unique distribution of the intra-abdominal pressure) and this way bridge the
hernia defects. By lowering the peak pressures the hernia creating force is used to
support the mesh fixation and to prevent a recurrence.

Three endoscopic techniques using a posterior approach were developed
in the early 90s: the transabdominal preperitoneal patch (TAPP), the totally
extraperitoneal plasty (TEP) and the intraperitoneal onlay mesh (IPOM). The
latter did not use the advantage of dissection of the preperitoneal space, retraction
of hernia sacs or preperitoneal lipomas, but placed the non-absorbable prosthetic
mesh upon the defect. The intraperitoneal mesh exposes viscera to potential
morbidity. [IPOM for inguinofemoral hernias is an inappropriate and ineffective
therapy from today’s perspective.
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The objective of minimal invasive preperitoneal groin hernia repair is the
deployment of a large non-absorbable mesh in a widely dissected preperitoneal
space covering and overlapping all potential inguinofemoral defects. Both TAPP
and TEP reach the same final objective in different ways.

11.2  History of TAPP

The first report was published by Arregui [3] in 1992. As the TEP technique
promoted by Dulucq, Ferzli and McKernan [4-6] became known at the same time
and its performance was even more difficult than the TAPP repair, the reaction of
the surgical community was disappointed and overwhelmed. Both TAPP and TEP
are technically demanding techniques, TEP with an obviously longer and steeper
learning curve.

Tension-free repairs brought many advantages (e.g., lower recurrence rates,
less pain, fewer infections and earlier resumption of daily activities), but the
prosthetic mesh became a must as a central pillar of the repair. This was initially
one of the reasons for slow adoption, because of insufficient knowledge of mesh-
host interaction; later on the meshes became the obvious part of a hernia repair
irrespective of the approach. The lack of expertise in laparo-endoscopic repairs
created new morbidities (e.g., vascular and intestinal lesions, bladder injury).

11.3 The Standardized TAPP [7]
11.3.1 Pneumoperitoneum

Establishing pneumoperitoneum enlarges the preexistent abdominal cavity and
offers from the very start a spacious working environment. The exploration of
the lower and upper abdomen allows for inspection of the initial pathology, of the
contralateral groin and the remaining anterior aspect of intraabdominal content
(Figs. 11.1-11.3).

11.3.2 Dissection

The preperitoneal space is entered through a planned incision of the visceral
peritoneum way above the visible hernia defect not tailored to hernia type and
size (Figs. 11.4 and 11.5). The complex preperitoneal anatomy is best described by
Sakurai [8, 9]. Peeling of the visceral leaf from the parietal leaf (the latter protecting
the underlying lower epigastric vessels in the form of an “endoabdominal” fascia)
starts laterally in a fairly avascular plane supported by the “pneumodissection” of
CO, gas under a pressure of 12 mmHg. We enter the space of Bogros (Fig. 11.6).
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Fig. 11.1 Left indirect inguinal hernia

Fig. 11.2 Left direct inguinal hernia

Fig. 11.3 Mixed hernia (pantaloon) on the right side
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Fig. 11.6 Entering the space of Bogros on the right
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Crossing the epigastric vessels in a medial direction, the endoabdominal fascia
may continue to be a thin barrier which has to be entered to reach another spider-
web-like compartment — the space of Retzius. These two anatomical spaces are not
a continuation of each other, because they are not on the same level [9]. Further
dissection deeper and medially finds Cooper’s ligament and the superior pubic
arch (Fig. 11.7) up to the landmark of the symphysis pubis. The dissection 1-2 cm
beyond the midline is the medial margin of the so-called “landing zone”. Caudally
and laterally to the origin of the epigastric vessels and the inner inguinal ring,
the figure of “A” is encountered (Figs. 11.8 and 11.9). The medial arm is the vas
deferens complex and the lateral one the spermatic vessels. This region is often
called the “triangle of doom” (because of the underlying external iliac vessels) (Fig.
11.10). Medial to the spermatic cord, a vascular anomaly of the arterial or venous

Fig. 11.7 Left direct hernia dissected

Fig. 11.8 Left figure of “A”: triangle of doom
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Fig. 11.9 Preserved spermatic fascia over triangle of pain on the right

Fig. 11.11 N. cutaneus femoris lateralis on the left
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Fig. 11.14 Cord lipoma on the left side
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Fig. 11.17 Landing zone larger than the mesh
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corona mortis (or both) anastomosis between the iliac and the obturator vessels
can be found in about 20% of the population. The femoral canal is encountered
between the iliopubic tract, Cooper’s ligament and the external iliac vein. Lateral
to the origin of the epigastric vessels the top of figure of “A” enters the inguinal
canal. Laterally to the spermatic vessels a fat pad covers some nerves of the lumbar
plexus (the genitofemoral nerve, the lateral cutaneous femoris and the femoral
nerve) (Figs. 11.11 and 11.12). This area is called the triangle of pain. A very thin
tissue layer covers both triangles and protects the fragile underlying structures in
the form of the spermatic fascia. The dissection plane between the visceral and
parietal peritoneal leaf facilitates the recognition and preservation of the spermatic
fascia, which lowers the risk of postoperative nerve irritation or chronic pain. This
gesture is easier to be accomplished in TAPP rather than in TEP, thanks to the
preexisting working space and fearless dissection of the visceral leaf. In the case
of dissectional insecurity, the TAPP technique allows the immediate view of the
intraperitoneal structures behind the flap thereby avoiding possible sectional or
thermal damage. After retraction of all hernia sacs and preperitoneal fat (Figs. 11.7
and 11.13) the presence of a cord lipoma has to be excluded. Substantial lipomas
should be removed out of the inguinal canal because they are or may become
symptomatic (Fig. 11.14). In large direct hernias, the remaining defect after
retraction of the preperitoneal fat leaves a dead space behind. This predisposes to
seroma formation and represents a risk factor for potential mesh dislocation. The
attenuated transversalis fascia can be inverted and fixed with a suture or endo-loop
in order to reduce this risk. The indirect sac should be retracted completely out the
inguinal canal whenever possible. This sometimes difficult maneuver is safer after
identification and dissection of the spermatic vessels.

11.3.3 Mesh Placement

Once the correct extent of the landing zone is achieved and hemostasis is secured
an adequate mesh is inserted. According to the EHS [10] and the IEHS guidelines
[7], today “adequate” means: a 15 x 10 cm or larger, macroporous flat mesh. The
former criterion of weight per m? was substituted by the term “effective porosity”,
indicating the extent and quality of the tissue ingrowth. The mesh should be
placed wrinkle- and fold-free (Figs. 11.15 and 11.16) respecting the well-defined
anatomic landmarks. Especially the inferior mesh margin has to show a safety
distance from the lowest lateral dissection area of the “landing zone” in order to
prevent its lifting-up when closing the peritoneum (Fig. 11.17).

11.3.4 Fixation

The next step is still controversial. There is an evidence-based insight that not
all preperitoneal hernia repairs require a mesh fixation. To fix the mesh to the
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Fig. 11.19 Running suture to approximate the peritoneal flaps

Fig. 11.20 Peritoneal closure completed
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underlying structures of the landing zone by tissue penetration is to be avoided due
to the risk of chronic pain. Larger hernias like PM3, PL3 still deserve improved
retention by fibrin sealant or cyanoacrylate (CA) glue mesh fixation in order to
prevent an early mesh dislocation (Fig. 11.18). The author’s personal experience
of 15 years and over 2000 meshes fixed with CA glue supported by the very low
cost of the material does not allow refraining from the additional security offered
by the adhesive fixation [11].

11.3.5 Peritoneal Closure

Meticulous running suture of the peritoneal flap prevents any contact of prosthetic
with the intestinal loops and avoids any obstructive event based on incarceration
or strangulation within a defect in an incomplete closure (Figs. 11.19 and 11.20).
11.3.6 Closure of the Trocar Incisions

The working ports of 10 mm or more can cause trocar hernias and therefore
should be closed in layers [7].

11.4 The Advantage of the TAPP Technique

In TAPP the endoscope enters an existing space enlarged by CO, insufflation.
The larger working space allows for a greater degree of movement and improves
dexterity. The free view of the groin defect on the ipsilateral and contralateral
side facilitates anatomic orientation, improves correctness of the preoperative
diagnosis and helps to develop a clear operative strategy. The exploration of the
abdominal cavity is possible. Looking behind the peritoneal flap is possible at any
time. This increases dissectional safety in more complex situations.

In the author’s opinion, TAPP has the widest range of indications. In primary
and recurrent hernias, unilateral and bilateral, inguinal and femoral, in females
and males, in elective and emergency settings, TAPP can be the technique of
choice if expertise is present. The learning curve of TAPP is obviously shorter
than that of TEP.

11.5 The Rationale of the TAPP Technique

The effectiveness of this repair is based on the mesh size and its placement. The
importance of the surgeon’s performance in terms of delicate and atraumatic
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dissection of the landing zone is crucial. The larger the mesh (accommodated in a
very large landing zone) the lower the risk of recurrence. Non-penetrating fixation
lowers the risk of postoperative chronic pain.

The laparoscopic approach to prosthetic hernia repair shows the lowest
incidence of infections. In the author’s personal experience, the infection rate of
TAPP repair has been 0.0% over a period of 24 years.

11.6 The Logic of the TAPP Technique

Groin hernia is a very frequent occurrence to be electively treated. The advantages
of a laparoscopic approach for the majority of intraabdominal pathologies are
generally accepted. The necessary skills for these techniques have to be acquired,
developed and trained in a frequent setting. The TAPP technique for hernia repair
requires a wide spectrum of surgical gestures (including suturing) necessary for
any advanced laparoscopic procedure.

In the author’s personal opinion, the TAPP technique is easier to standardize,
which makes teaching and learning easier. As this technique offers so many
laparoscopic elements to be perfected in a very frequent procedure, it should
become our ambition to make it to “the teaching operation” in order to become
a logical part of a modern surgical curriculum. Thanks to the collective effort
of many, guided by few (Simons, Miserez, Bittner, Bonjer), several milestone
guidelines or consensus conferences on hernia repair were realized [7, 10, 12].
The technical aspects of TAPP repair were minutely worked out by Bittner [7, 10,
12-16] and Kukleta [7, 10—12, 16, 17] in order to facilitate structured teaching
and to ease the learning curve of this useful procedure.

It often seems impossible ... until it’s done
(Nelson Mandela)
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Total Extraperitoneal (TEP) Approachin 1 2
Inguinal Hernia Repair: the Old and the New

Davide Lomanto and Eva Lourdes Sta. Clara

12.1 Introduction

Endoscopic inguinal hernia repair has three surgical approaches from totally
extraperitoneal (TEP) repair to the transabdominal preperitoneal approach
(TAPP) and the less common intraperitoneal onlay mesh repair (IPOM). The
first two are widely utilized for the obvious advantages of lower recurrence
and complication rates, and better outcome when compared to the open repair
while covering the entire potential hernia site in the myopectineal orifice with
a large prosthesis [1, 2].

There are some benefits related to each technique: overall, in the TEP
approach there is minimal risk of intrabdominal injury to organs and postoperative
adhesions, while in TAPP the contralateral side can be examined for an occult or
undiagnosed hernia and it can be useful as a diagnostic tool in an emergency
hernia repair or irreducible cases.

12.2 Indications

* Patient with primary or recurrent reducible inguinal hernia
» Fit for general anesthesia
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12.3 Contraindications

* Not fit for general anesthesia

* Acute abdomen with strangulated and infected bowel
* Respiratory distress

e Pediatric patients

12.4 Relative Contraindications

e Irreducible hernia
e Sliding hernia
* Inguinoscrotal hernia
* Previous prostatectomy or pelvic surgery
e Previous TEP/TAPP repair
Previous lower abdominal surgery is a relative contraindication. Adhesions can
pose difficulty to the attending surgeon, thus a surgeon who is attempting this
should be skilled in both TEP and the transabdominal preperitoneal approach.
However, it should be explained to the patient that there is also a possibility that
the operation may be converted to an open approach, as deemed necessary by
the surgeon. Previous open appendectomies are usually not a problem but they
require one to be more careful during the lateral dissection.

Recurrent hernia from a previous TEP is a relative contraindication. This can
still be done through TEP depending on the expertise of the surgeon.

Large inguinoscrotal hernia is also a relative contraindication depending on
the experience of the surgeon, since there would usually be a distorted anatomy
and limited working space in this kind of inguinal hernias.

12.5 Preoperative Preparation

A thorough history and physical examination is necessary to assess the patient
including fitness for general anesthesia. If there is any doubt in the diagnosis of
the inguinal hernia (large defect, sliding hernia, multiple recurrent, etc.) it may be
prudent to do a preoperative imaging work-up by dynamic ultrasound or CT scan.

It should also be explained to the patient that there might be a risk of conversion
to transabdominal preperitoneal (TAPP) inguinal hernia repair or an open
approach depending on the difficulty and safety of the procedure, which is based
on the judgment of the attending surgeon. Risk for recurrence and complications
should be properly explained to the patient including vascular, nerve and vas
injury, seroma, mesh infection, postoperative chronic pain, etc. [3].
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Prophylactic antibiotic treatment is recommended in the presence of risk fac-
tors for wound and mesh infection based on patient status (advanced age, re-
current corticosteroid use, immunosuppressive conditions, obesity, diabetes, and
malignancy) or surgical factors (contamination, long operation duration, use of
drains, urinary catheter) [4, 5].

Patients should also be advised to void prior to the procedure.

However, in the case of complicated hernias (partially reducible, large defect)
and/or length of surgery more than 1.5 hrs it is advisable to decompress the
urinary bladder by inserting a urinary catheter which can be removed at the end
of the procedure.

12.6 Operating Theatre Setup
12.6.1 Instruments

* 10 or 5 mm, 30-degree angled telescopes

e Trocars
— (1) 10-mm Hasson’s trocar
—(2) 5-mm trocar

* Balloon dissector
Based on the IEHS guidelines, it is recommended to use a balloon dissector
when creating the preperitoneal space, especially during the learning period,
when it is difficult to identify the correct preperitoneal plane and space. Once
the learning curve is overcome, to reduce the cost of the procedure, a blind
dissection can be achieved by swiping the telescope along the midline. A self-
made dissector ballon can be arranged using finger gloves over an irrigation
device.

e Graspers and atraumatic graspers

e Scissors

e Prosthetic mesh
It is advisable to use a large-pore polypropylene or multifilament polyester
mesh with a size of at least 10 x 15 cm. Using a smaller mesh will increase
the risk of recurrence. However, for larger defects of more than 3-4 cm (L >3
according to EHS classification [4, 5]) it is recommended to use a larger mesh
(12 x 17 cm).

e Tackers and fixation devices
According to the IEHS Guidelines and EBM, fixation of the mesh is required
only in particular cases like large hernia defect (>3-4 cm), especially if direct,
to avoid translation of the mesh and to reduce the risk of recurrence. Today
either absorbable or permanent staplers/tackers are utilized to fix the mesh to
Cooper’s ligament and to the rectus muscle. Sealants in the form of fibrin glue
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(Tisseel or Tissucol, Baxter USA) or synthetic glue (Liquiband, AMS UK;
Histoacryl, BBraun, Germany, etc.) are also available and several studies have
shown their efficacy and benefits.
e Endoloops

Pre-made loop sutures are useful for closure of inadvertent tears in the
peritoneum and ligation of the hernia sac. Based on the IEHS guidelines, it is
recommended to close any peritoneal tears to decrease the risk of adhesions
which may lead to bowel obstruction. If not commercially available, the loop
can be made using a 50-70-cm absorbable suture and an extracorporeal Roeder
knot.

12.6.2 Patient and Surgical Team Positioning

The patient lies supine in a slight Trendelenberg position (10-15 degrees) with
both arms tucked at the sides, under general anesthesia. The attending surgeon
stands on the side opposite the hernia defect side and the assistant stands beside
the attending surgeon at the cephalad side of the patient (Fig. 12.1). The nurse
stands on the same side as the surgeon, near the feet of the patient. The monitor
and video equipment are placed at the caudal end of the operating table, either
midline or slightly ipsilateral to the defect. Monitors mounted on a Boom arm will
be helpful in improving visual space.

2 Fig. 12.1 Operating room set-up

M | Y Anesthesiologist

Assistant

Surgeon

Monitor
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12.7 Surgical Technique
12.7.1 Entering and creating the Preperitoneal Space

There are few techniques to enter and create the preperitoneal space. A 10-mm
vertical infraumbilical incision is first made. Subcutaneous tissue is bluntly
dissected to expose the anterior rectus sheath using (2) S-retractors (Fig. 12.2). The
anterior rectus sheath is then incised, lateral from the midline, on the ipsilateral
side of the hernia. This will avoid the linea alba and accidentally entering the
peritoneal cavity. Then the rectus muscle is retracted laterally to expose the
posterior rectus sheath (Fig. 12.3).

Once the preperitoneal plane is entered, there are a few techniques to create
the space: 1. the optical ballon dissector; 2. the Veress’ needle technique; 3. the

Fig. 12.3 Rectus muscle
retracted laterally
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Fig. 12.4 Balloon dissector

Fig. 12.5 Trocar placement

most common blunt dissection. Using the trocar with an optical ballon dissector,
the space is created by inflating the balloon under vision (Fig. 12.4). This is the
plane one should maintain and create up to the symphysis pubis using a gauze,
finger or a dissecting balloon, depending on the preference and expertise of the
surgeon. A Hasson’s trocar is then inserted and the plane is confirmed by inserting
a 30-degree trocar. The rectus muscle should be visualized in the anterior area
to be in the right plane. Insufflation is done with carbon dioxide at 8-12 mmHg.
Two 5-mm trocars are then inserted at the midline under direct vision to
prevent any injury to the bladder, peritoneum, or bowels. The first 5-mm trocar is
placed 3 finger breadths above the symphysis pubis. The second 5-mm trocar is
then placed in between the Hasson’s trocar and the first 5-mm trocar (Fig 12.5).
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Fig. 12.6 Space of Retzius

LR

12.7.2 Medial Dissection (Space of Retzius or Prevesical Space)

Once all the working ports are inserted, using two atraumatic graspers, the
dissection is conducted along the midline, below the rectus muscle and towards
the pubis arch. The dissection should go 2 cm beyond the symphysis pubis to the
obturator fossa to avoid missing any obturator hernia and to allow the medial
lower corner of the mesh to be fixated once the space is deflated (Fig. 12.6). The
limits of the dissection are: medially, 1-2 cm beyond the midline and below the
pubis arch; inferiorly until the peritoneal reflection is identified at the border with
the retroperitoneal space.

12.7.3 Lateral Dissection (Lateral Space of Bogros)

Moving towards the anterior superior iliac spine (ASIS), in a surgical plane
that is below the inferior epigastric vessels (IEV) and above the peritoneum,
the lateral dissection is made. This plane is confined by the two layers of the
fascia transversalis. The dissection is continued by pushing down the peritoneum
until the psoas muscle can be seen. The lateral space of Bogros is delineated and
cleaned all the way up to the anterior superior iliac spine. Attention should be
made to avoid dissecting further laterally, beyond the lumbar fascia in the so-
called “lateral triangle of pain”. This will prevent injury to the latero-cutaneous
and genitofemoral nerves. The thin layer of fat covering the lateral fascia should
be preserved and not skeletonized; similarly, energy and diathermy should not be
used at this level. (Figs. 12.7 and 12.8). The limits of the lateral dissection are
inferiorly the psoas muscle, superiorly the ASIS and cranially the arcuate line.
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Fig. 12.7 Triangle of pain
and triangle of doom

Fig. 12.8 Lateral cutaneous
nerve at the space of
Bogros

Lateral cutaneous
nerve

12.7.4 Hernia Sac Identification and Reduction

Once the medial and lateral dissection is completed (Fig. 12.9), we should be able
to identify the entire hernia defect, followed by a proper hernia sac reduction and
repair. This will allow the surgeon to visualize all the anatomical landmarks, to
lessen the risk of injuries, to have a wider space for placing the prosthesis and,
in case of inadvertent tear of the peritoneum, to continue to work safely without
being affected by the pneumoperitoneum.

Exposure of the whole myopectineal orifice should be made after a complete
medial and lateral dissection followed by the hernia sac reduction (Fig. 12.10).
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Fig. 12.9 Anatomic landmarks in endo-laparoscopic inguinal hernia repair
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Fig. 12.10 Myopectineal orifice

12.7.5 Hernia Reduction

Medial or Direct Hernia In the endolaparoscopic approach, a defect medial to
the inferior epigastric hernia and at the level of the Hesselbach’s triangle is a
direct hernia. Reduction can be easily achieved by identifying and holding the
hernia “pseudosac” and dividing it from the preperitoneal lipoma and peritoneum.
Special care should be taken once the pubis arch is reached because of the risk of
injury to the “corona mortis” and laterally to the iliac vessels and vas deferens.
The “pseudosac” is grabbed and the hernia contents are then reduced.
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Fig. 12.11 Femoral hernia

Fig. 12.12 Widening of the
femoral ring at the medial-
upper side

Femoral Hernia Reduction of the hernia sac and content is achieved by gentle
traction keeping in mind that the vessels hide behind the content (Fig. 12.11). If
the content is not reducible by traction due to the small size of the defect, it may
be necessary to widen the femoral defect by using a hook diathermy ONLY on the
medial-upper side (Fig. 12.12). This will facilitate the hernia sac reduction.
Obturator Hernia In the same canal where the obturator vessels are, it is possible
that a preperitoneal fat and/or hernia sac is within. As in femoral hernia, a gentle
traction will allow the reduction of the hernia sac (Fig. 12.13).

Indirect Hernia Lateral to the IEV lies the deep ring and indirect hernia. The
standard approach to indirect hernia repair requires the spermatic structures to be
separated from the hernia sac. This can be achieved using the medial approach and
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Fig. 12.13 Obturator hernia

four simple steps: 1. Separating the whole sac and spermatic cord from the iliac
vessels; 2. Slimming the sac at the level of the deep ring with a partial reduction
of both cord structures and sac; 3. Separating the cord structures from the sac on
the inferior edge of the sac; 4. Reducing the sac by simple traction or transection.
This can be necessary in cases of long or complete sac in order to minimize injury
to the testis by overtraction. It is suggested to divide the sac using diathermy to
reduce the risk of hematoma and to ligate the proximal part using pre-made suture
loops. Lipoma of the cord should be fully reduced.

It is important to close all peritoneal holes/tears with absorbable suture loops
or plastic clips (i.e., hem-o-lok, Teleflex Medical, USA) to prevent any internal
herniation or adhesion formation with the mesh. Once reduced or ligated, the
peritoneal sac should be further reduced until the peritoneal reflection is visualized
and medially separated by the adhesion with the vas deferens.

12.7.6 Mesh Repair

The final step is the hernia repair, which is achieved by covering the entire
myopectineal orifice with a synthetic large-pore prosthesis of 10 x 15 cm. The
mesh is rolled up and inserted through the 10-mm trocar. A “no-touch technique”
is mandatory to avoid mesh infection. The mesh is opened and inserted into the
preperitoneal cavity avoiding any contact with the skin. The mesh is then placed
horizontally and unrolled over the myopectineal orifice making sure to cover all
the hernia sites. One-third of the mesh should be below the symphysis pubis, the
upper margin reaching the lower trocar medially and laterally lying over the psoas
muscle. In bilateral hernias, there should be a 1-2-cm overlap of the meshes at the
midline. It is important to make sure that no part of the peritoneum is under the
mesh to prevent any recurrence.
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The mesh is then anchored using tackers or sealant to prevent mesh migration
and possible recurrence. Two to three points of fixation are necessary: Cooper’s
ligament, medial to the inferior epigastric vessels at the rectus muscle and, if
necessary, lateral to the inferior epigastric vessels. Avoid tacker or stapler fixation
below the iliopubic tract and too laterally considering 15-20% of abnormalities
in the nerve paths. This will help to prevent any nerve injuries and consequent
postoperative chronic pain.

An accurate hemostasis should be guaranteed if the correct surgical plane is
identified. The carbon dioxide is then released while checking visually that the
mesh is not rolled and the peritoneum stays in front of the mesh so as to prevent
any recurrence. The lateral inferior edge of the mesh can be held with a grasper, if
necessary. The ports are then removed and the anterior rectus sheath incision at the
10-mm trocar site is sutured. The skin incisions are then closed with absorbable
sutures or glue.

12.8 Reduced and Single Port Technique

Since the advent of the laparoscopic technique the trend towards scarless surgical
techniques continued. Since then, a few novel approaches have been utilized in
hernia repair such as needlescopic surgery and the single incision endolaparo-
scopic surgery (SPES) [6, 7].

For needlescopic surgery, smaller-size instrumentation is utilized to perform
the procedure, challenges are the flexibility of the instruments especially in large
defects or thickened peritonal sac. Clinical studies showed comparable results
with the standard technique but nevertheless the needlescopic technique has never
been successful with worldwide acceptance [6, 8].

The latest approach, SPES, which uses a single device in which all the telescope
and working ports are inserted, has seen much enthusiasm not only for inguinal
hernia repair but for also cholecystectomy, appendectomy, adrenalectomy, etc.
[9-13]. The possible advantages of single or reduced port surgery in hernia
repair can be attributed to less pain, better cosmesis, less risk for port-site hernia,
and even shorter hospital stays. A technical challenge is the ergonomics, as the
approach is more affected by constraints in exposure, adequate retraction, conflict
between the instruments, and lack of triangulation [14]. In standard TEP with a
midline approach, this is less evident because of the almost parallel axis of the
two working ports, resulting in a shorter learning curve.

Recent studies also show at least equivalent pain scores, operative duration and
complication rates when comparing conventional laparoscopic surgery to reduced/
single port surgery in hernia repair, making this novel approach acceptable and
comparable to standard TEP inguinal hernia repair [15, 16].
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12,9 Postoperative Care

e Diet as tolerated is resumed

* Analgesics are given (etoricoxib 90 mg daily for 3 days)
» Patient is discharged on the same day once voiding freely
e Follow-up is at 1 week, 1 and 3 months

12.10 Complications

Complications can be categorized into intraoperative and postoperative compli-
cations. Intraoperative complications specific to TEP occur in about 4-6% of the
cases and can be due to injury to vascular, visceral, nerve and spermatic cord
structures [17-19]. Vascular injuries would include injury to the external iliac
vessels, inferior epigastric vessels, spermatic vessels or the vessels over the pubic
arch including the corona mortis veins. The most common are injury to the IEV
and this can be avoided by using the midline approach and by inserting all the ports
under direct vision. Injury to the major vessels is catastrophic, a correct lateral
traction of the sac and spermatic structure with medial approach may be helpful
in avoiding it. A careful practice should be used when retracting or dissecting
closer to the “triangle of doom”. Visceral injuries including but not limited to the
bowels and urinary tract can be reduced by careful dissection and limiting the use
of diathermy. Transmitted energy through the thin peritoneal layer may result in
injury to the underlying bowel. Patients with previous pelvis surgey, sliding hernia,
large inguinoscrotal hernia are at risk for bladder injury, in which case urinary
catheterization may be necessary. In the event of injuries, these can be managed by
an endolaparoscopoic suture repair. Nerve injuries can be prevented by accurate
lateral dissection, limiting the number of staplers/tackers if fixation is needed, and
using of absorbable tackers or sealant. Spermatic cord injuries can be lessened by
properly identifying the anatomy and avoiding too much traction of the cord. Tears
in the peritoneum can also occur especially during the early stage of the learning
curve. All peritoneal tears should be closed by using suture loops or hem-o-loks.

Postoperative complications like seroma commonly occur in patients with
large direct and indirect hernias. The seroma usually appears after 7-10 days and
does not require any treatment. It may be mistaken for an early recurrence. In
principle, it should be treated conservatively, and will be reabsorbed spontaneously
within 4-6 weeks. However, if it is symptomatic and persisting after 2 months it is
advisable to drain it by aspiration and in sterile condition. In the case of complex
sero-hematoma an excision after 4-5 months can be necessary.

Early recurrence is usually due to inadequate surgical technique and can be due
to wrong case selection for beginners, inadequate fixation of the mesh, inadequate
mesh size, inadequate dissection of the myopectineal orifice and failure to cover
unidentified hernia defects [20].
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12.11 Conclusions

Several clinical trials and meta-analyses have shown endoscopic preperitoneal
hernia repair (TEP) performed by experienced surgeons to be associated with
reduced postoperative pain, less need for postoperative analgesia, earlier return to
work, fewer complications and a low recurence rate when compared to open mesh
repair [1, 2, 21, 22]. These benefits will be more significant if the laparoscopic
treatment is for bilateral or recurrent hernias. As for any successful surgical
technique — but especially in hernia repair — a careful patient selection, a good
understanding of the anatomy, an adequate surgical technique and the surgeon’s
experience are very important key factors to achieve a good clinical outcome with
a low rate of short-term and long-term complications.
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Inguinal Hernia Repair

Conrad D. Ballecer, Edward L. Felix, and Brian E. Prebil

13.1 Introduction

While the DaVinci robot (Intuitive Surgical Inc.) has been in use since the turn
of the century, its application and adoption in the field of general surgery has
been slow. Barriers to adoption of the robotic platform include, but are not
limited to, concerns of cost, a general fear of new innovation, and a paucity of
data demonstrating value relative to conventional laparoscopy. Despite the above,
robotic technology has recently experienced a rapid growth in the field of general
surgery in the United States. Its exponential growth in large part can be attributed to
its adoption in the hernia space for both minimally invasive surgical (MIS) repairs
of ventral and inguinal hernias (Figs. 13.1 and 13.2). Adoption can be explained
by many factors such as improved ergonomics, precision, and visualization which
many believe translates into an enabling or facilitating technology.

Surgeons who regularly offer laparoscopy for inguinal hernia repair comprise
an overwhelming minority despite its well established benefits. Adoption rates
vary from 14 to 19% in the United States. Many attribute low penetration
rates as a testament to the difficulty of the approach, which requires both a
comprehensive understanding of the anatomy of Fruchaud’s myopectineal orifice
(MPO) as well as the technical skill to surgically intervene within this space. The
proposed enabling effect of the robotic instrument has allowed many surgeons
to regularly incorporate MIS hernia repair into their practice. This statement
underscores a very important concept in that robotic inguinal hernia repair
should be considered analogous to the laparoscopic approach performed with a
different instrument and as such, well-established principles of posterior hernia
repair must be adhered to.
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Fig. 13.1 Adoption of
robotic inguinal hernia
repair (courtesy of Intuitive
Surgical Inc.)

Inguinal Hernia Repair - dV Procedures

Fig. 13.2 Adoption of
robotic ventral hernia
repair (courtesy of Intuitive
Surgical Inc.)

Ventral Hernia Repair - dV Procedures

This chapter is dedicated to detailing the robotic transabdominal preperitoneal
inguinal hernia repair (r-TAPP) technique implicitly adhering to the principles
well established in conventional laparoscopy.

13.2  Patient Positioning, Trocar Set-up, Docking,
and Instrumentation

The patient can either be placed in a conventional supine or lithotomy position.
Port position and trocar set-up is analogous to that of traditional laparoscopic
repair (Fig. 13.3). We prefer open supraumbilical entry with a 12-mm balloon
trocar although an 8.5-mm daVinci (dV) trocar for the 8-mm camera may also be
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Fig. 13.3 Port position

Fig. 13.4 Docking in a supine lithotomy position

utilized. Either 5-mm or 8-mm instrument trocars are then placed 10 cm lateral to
the camera port, irrespective of the site of the hernia.

While there are many options to dock the robot, we prefer docking in between
the legs with the patient in a supine lithotomy position (Fig. 13.4). Docking over
either hip, however, can also be employed which will achieve equal access to both
right and left groins in the setting of bilateral hernias.

For most cases we utilize two instruments including the dV prograsp and dV
monopolar scissors (Fig. 13.5). With this instrumentation profile, we also use
an absorbable tacker to fixate and reperitonealize the mesh. A suture-cut needle
driver can also be used for blunt dissection as well as suture mesh fixation and
re-approximation of the peritoneal defect. For patients with large inguinoscrotal
hernias, a dV Maryland bipolar grasper may be considered helpful to facilitated
hernia sac reduction.
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Fig. 13.5 dV Instrumentation

Fig. 13.6 Incarcerated
femoral hernia

We prefer the use of a 12-mm zero-degree scope although this is also optional
at the operator’s discretion. After docking of the robot, the instruments are placed
under direct vision.

13.3  Technical Steps
13.3.1 Reduction of the Hernia Content

As in any hernia repair, the first part of the procedure involves reduction of the
hernia content. Incarcerated bowel contents through an inguinofemoral hernia
must be dealt with safely and meticulously (Fig. 13.6). When aggressive bowel
handling is required, the dV fenestrated bipolar instrument is used because of its
lower grip strength in comparison to the dV prograsp.
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Fig. 13.7 Firefly
assessment of bowel
viability

In the setting of incarcerated bowel contents and following successful
reduction, viability of the intestinal segment must be assured. We routinely
employ Firefly technology as an adjunctive measure to assess intestinal perfusion
(Fig. 13.7). This technology is similar to the use of fluorescein and a Wood’s lamp
to evaluate bowel viability. Five ml of indocyanine-green (IcG) is administered
and intestinal perfusion can be assessed within a minute of injection. The bowel is
confirmed to be viable if under Firefly view it demonstrates a green tone.

A strangulated segment of bowel mandates bowel resection which may affect
definitive repair. In our practice, definitive repair with mesh is deferred in the
setting of bowel resection for strangulated hernias. A peritoneal patch is sutured
over the defect to minimize the risk of immediate recurrence.

13.3.2 Evaluation of the Surface Anatomy

After successful reduction of the hernia content, key surface anatomical
landmarks are identified (Fig. 13.8). Accurate identification of key landmarks will
not only delineate the type of hernia present, but also provides a road map to guide
preperitoneal dissection. The bedside assistant is advised to palpate the level of
the anterior superior iliac spine (ASIS) to reference the position of the iliopubic
tract. This will also help determine the site of initial peritoneal incision.

13.3.3 Peritoneal Incision

A high peritoneal tranverse incision is made from the level well above ASIS to the
level of the median umbilical ligament. This transverse incision should be made
a minimum of 5 cm cephalad to the superior aspect of the hernia defect. This
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Fig. 13.8 Surface anatomy
(MUL, medial umbilical
ligament; /EV, inferior
epigastric vessels; VD, vas
deferens; SV, spermatic
vessels)

Fig. 13.9 Preperitoneal
dissection

allows for both adequate cephalad overlap of the mesh and creating a redundancy
in the peritoneal flap to facilitate reperitonealization of the mesh. It is common
to include the transversalis fascia within the initial incision but every attempt is
made to initiate flap dissection in the true preperitoneal space (Fig. 13.9). True
preperitoneal dissection orients the operator within the correct plane for hernia
sac reduction and final flap development. Benefits of exploiting this space also
include avoidance of perforating vessels to the the overlying rectus muscle
which can cause unnecessary bleeding. The true preperitoneal space is avascular
allowing for blunt dissection to the level of the hernia sac. Given the translucency
of the peritoneum within the correct plane, meticulous dissection is required to
avoid creating peritoneal rents and tears. A consistent awareness of visual stimuli
or cues is employed to overcome the loss of haptic feedback during peritoneal
retraction and manipulation.
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Fig. 13.10 Hernia sac reduction

13.3.4 Hernia Sac Reduction

All attempts are made to follow the peritoneum to insure proper plane dissec-
tion. Direct hernia sacs occurring medial to the epigastric vessels and above the
iliopubic tract tend to reduce readily. The peritoneal sac is dissected free from
the transversalis fascia (Fig. 13.10). In the setting of an indirect sac, medial and
lateral dissection is performed to isolate the peritoneal invagination. Meticulous
dissection of the peritoneum from the cord structures or female equivalents is
required employing only judicious use of cautery to avoid bleeding and uninten-
tional injury to nerves which can lead to chronic pain. Primarily blunt dissection
is performed to dissect the peritoneum off the vas deferens and spermatic vessels.
In the setting of large inguinoscrotals, the sac can be transected with the distal sac
left in situ; however, we prefer to completely reduce the sac intact and invert back
into the intraperitoneal cavity. We routinely divide the round ligament in females
to facilitate peritoneal dissection. It is mandatory to reduce cord lipomas out of
the deep inguinal ring which are then resected or left in situ, provided they do not
interrupt the subsequent placement of mesh.

13.3.5 Critical View of the Myopectineal Orifice

While the critical view of safety for gallbladder surgery is a well-established and
accepted mandate, the critical view of the myopectineal orifice is not as well
known. According to the rule of laparoscopic cholecystectomy, no clips should be
placed prior to achieving the critical view. Similarly, we believe that mesh should
not be placed prior to obtaining the critical view of the myopectineal orifice.

Medial Dissection Dissection medial to the inferior epigastric vessels should
expose and demonstrate the direct space, the femoral canal, and the obturator
foramina (Figs. 13.11 and 13.12). Dissection of Cooper’s ligament should extend
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Fig. 13.11 Medial dissection

Fig. 13.12 Cord dissection
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Fig. 13.13 Lateral dissection

across the midline isolating the pubis; below which is the space of Retzius exposed
by blunt dissection of the bladder off the pubic bone.

Cord Dissection The peritoneal sac is reduced and the cord structures or the
female equivalents are parietalized. This requires adequate posterior peritoneal
dissection which will minimize the incidence of peritoneum sneaking under the
inferior edge of the mesh leading to a common cause of recurrence after MIS
inguinal hernia repair. This requires meticulous dissection to avoid injury to the
cord structures and sensory nerves, injury to which may lead to testicular ischemia
and chronic pain. With adequate posterior peritoneal dissection, the triangle of
doom will be well delineated (Fig. 13.12) Careful dissection within the right plane
is also mandatory to avoid major vascular injury to the iliac vessels.

Lateral Dissection Lateral dissection of the myopectineal orifice is mandatory to
allow for the placement of a large mesh which adequately overlaps all four potential
spaces: indirect space, direct space, femoral space, and obturator foramina. The
extent of posterior peritoneal dissection should be confluent from the space of
Retzius to the level of the ASIS. Within this territory resides the triangle of doom,
site of critical sensory nerves which must be preserved to minimize the risk of
chronic pain (Fig. 13.13).

13.3.6 Mesh Placement and Fixation

It is our philosophy that a large (10 x 15 cm at minimum) mesh should be placed
that accepts the contours of the MPO. We use a 12 x 15 sheet of flat mesh, and will
occasionally go larger for big direct hernias.

There are a myriad of options for both introducing and fixating the mesh flat to
cover the MPO. Mesh and suture can be introduced prior to peritoneal dissection
or once dissection is complete. Flat mesh can generally be introduced through the
8.5-mm trocars. We place our mesh after dissection is complete (Fig. 13.14). The
robotic arm ipsilateral to the hernia defect is undocked and mesh is introduced
by the bedside assistant via the ipsilateral trocar and directed to the pubic bone.
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Fig. 13.14 Mesh placement

Coordination between the operator and the bedside assistant is required to lay
the mesh flat with adequate coverage of all potential spaces. Alternatively, the
trocar can be re-docked and the operator can lay the mesh in a correct position
utilizing two grasping instruments. Prior to fixation, mesh placement is tested
by manipulating the peritoneum to insure the mesh does not fold or buckle, with
particular attention paid to the inferior edge of the mesh.

According to surgeon preference and mesh choice, there are options for no
fixation, fixation with glue, sutures, or tacks. We have utilized all four options
in our practice. Generally, we fixate the mesh with absorbable tacks: one tack on
Cooper’s ligament, one tack high superomedial, and one tack high superolateral.
The latter two placed well above the iliopubic tract to avoid nerve entrapment.
Intracorporeal suture fixation can also be performed in a similar fashion. Me-
chanical fixation is never employed below the iliopubic tract (save for Cooper’s
ligament), within the triangle of doom, nor the triangle of pain so as to avoid
major vascular and nerve injury, respectively.

13.3.7 Reperitonealization of the Mesh

The peritoneal flap can be re-approximated to completely cover the mesh wi