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Preface

This book is a collection of review papers on hernia surgery. In addition to sharing 
their knowledge, the authors provide their personal clinical experience, making this 
book a useful resource for scientists and physicians practicing in the field of hernia 
surgery. Chapter 1, “Introductory Chapter: Abdominal Wall Hernias and Prosthetic 
Material” by Dr. Selim Sözen et al., examines the causes of hernia as well as discusses 
prosthetic material used in hernia repair such as synthetic, inorganic mesh patches. 
Chapter 2, “Anatomical and Surgical Principles of Ventral Hernia Repairs” by Dr. 
Charalampos Seretis et al., discusses anatomical and surgical principles of ventral 
hernia repairs. Chapter 3, “Totally Extraperitoneal Approach (TEP) for Inguinal 
Hernia Repair” by Dr. Ioannis Triantafyllidis, discusses laparoendoscopic inguinal 
hernia repair as the procedure of choice for the management of most primary recur-
rent inguinal hernias. Chapter 4, “Spigelian Hernia” by Dr. Bruno Barbosa et al., 
focuses on the intraperitoneal onlay mesh (IPO) approach. This procedure is a quick 
and technically less demanding approach that requires a shorter learning curve 
compared to others. IPOM does not require a peritoneal flap and surgeons are more 
familiar with the intra-abdominal anatomy. Chapter 5, “Spigelian Hernia: Clinical 
Features and Management” by Dr. Somprakas Basu et al., presents the differential 
diagnosis of spigelian hernia. Depending on its location, a spigelian hernia may mimic 
intra-abdominal pathologies, which can present with pain such as acute appendi-
citis, twisted ovarian cyst, tubo-ovarian pathologies, mesenteric lymphadenitis, 
biliary colic, peptic ulcer pain, pancreatic pain, or mesenteric ischemia. Chapter 6, 
“Laparoscopic Findings of Rare Pediatric Inguinal Hernias” by Dr. Michinobu Ohno 
et al., focuses on the laparoscopic percutaneous extraperitoneal closure (LPEC) 
procedure. It presents the laparoscopic findings of rare pediatric inguinal hernias. The 
advantages of the laparoscopic technique in pediatric hernias include accurate diag-
nosis, minimal pain, and cosmesis. Although laparoscopic repair of femoral hernia is 
established in adults, most pediatric surgeons choose the open approach. Chapter 7, 
“Laparoscopic TAPP Inguinal Hernia Repair” by Dr. Giovambattista Caruso et al., 
explores the transabdominal preperitoneal (TAPP) procedure, which is associated 
with immediate postoperative comfort, less chronic pain and numbness, less mesh 
infection, and a faster return to usual activities. Another advantage of the laparo-
scopic technique is the possibility of diagnosing and treating occult hernia during the 
same operation. The disadvantages of laparoscopic procedures are a longer learning 
curve with a greater risk of complications during the first 30–50 procedures and 
higher direct costs (general anesthesia, laparoscopic equipment, staples). Chapter 8, 
“Management of Obturator Hernia” by Dr. Luigi Conti et al., discusses obturator 
hernia, which is a rare entity. Its diagnosis is often unclear and should be included 
in the differential diagnosis of intestinal obstruction of unknown origin. Chapter 9, 
“Hybrid: Evolving Techniques in Laparoscopic Ventral Hernia Mesh Repair” by Dr. 
Wasim Dar et al., discusses techniques of ventral hernia repair. Laparoscopic ventral 
hernia mesh repair is the procedure of choice for most uncomplicated ventral hernias 
with smaller defects. For complicated, large, and multiple defects, the laparoscopic 
approach presents a big challenge and hence an open approach is used. A combination 



of laparoscopic and open techniques with minimal access avoids dissection of large 
subcutaneous flaps, early post-operative recovery, and comparable results. Chapter 
10, “Robotic Complex Abdominal Wall Reconstruction: The Evolution of Component 
Separation” by Dr. Rodolfo J. Oviedo et al., encourages readers to enter the realm 
of robotic abdominal wall reconstruction Finally, Chapter 11, “Laparoscopic Hiatal 
Hernia Repair during in-Sleeve Gastrectomy” by Dr. Selim Sözen et al., discusses the 
limits and significance of the surgical management of hiatal hernia repair.

I thank the authors for their professional dedication and outstanding work in sum-
marizing their clinical and research practices.

Selim Sözen
Associate Professor of General Surgery,

Sözen Surgery Clinic,
İstanbul, Turkey

Hasan Erdem
Associate Professor of General Surgery,

HE Obesity Clinic,
İstanbul, Turkey
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Chapter 1

Introductory Chapter: Abdominal 
Wall Hernias and Prosthetic 
Material
Hasan Erdem, Seyfi Emir and Selim Sözen

1. Introduction

It is the displacement and protrusion of the intra-abdominal structure and organs 
from weak places on the abdominal wall. While there are many varieties, it most often 
occurs in the inguinal. Umbilical hernias follow. Due to the presence of intestine in the 
hernia sac, it is important because intestinal obstructions (knotting), fluid-electrolyte 
incompatibility and death are seen.

Hernias that occur in areas of abdominal surgery called inguinal, umbilical and 
incisional hernia are anterior abdominal wall hernias. Hiatal hernias, which are 
called as gastrocoele and cause reflux, are hernias at the junction of the stomach and 
esophagus.

It is observed in both sexes, but more in men.
As the causes of hernia; Sudden, severe increase in intra-abdominal pressure, 

infections with lung problems due to smoking, and in cases where chronic intra-
abdominal pressure increases by coughing continuously, the anterior abdominal wall 
weakens and coughing time is prolonged

• Those with chronic obstructive pulmonary disease (COPD)

• In cases of increased intra-abdominal pressure in pregnant women

• In obese people (especially in people who have the weak anterior abdominal wall)

• In kidney patients who are dialyzed their peritoneal

• Abdominal wall hernia may develop in those with collagen vascular disease.

Anterior abdominal wall hernias; consist of a wide range of hernias including 
incision site, umbilical, epigastric and suprapubic hernias. Morbid obesity, accompa-
nying diseases, immunosuppression and prostate diseases accompanied by urination 
disorders are known important factors in the formation of incisional hernias (IH). 
Although the first 5 years after surgery is the most critical time for the development 
of IHs, it can also develop later on [1]. After minimal invasive treatments commonly 
come into use, shorter hospital stays, reductions in wound site infections and recur-
rence rates have led to the increasing frequency of use of these methods [2–4]. A more 
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comfortable view is provided by the magnification effect of the telescope in addition 
to the advantages such as laying the graft by seeing the minimal tissue trauma, graft 
and surrounding healthy tissue in detail in laparoscopic surgery, but experience is 
required for successful results together with these advantages. In a meta-analysis 
performed by Castro et al., it was found that laparoscopy reduced the postoperative 
hospital stay and the infection rate in the perioperative period, but increased the 
operative time, enterotomy, and postoperative pain [5]. Similarly, it was found that 
the duration of hospital stay, recurrence, complication and infection rates were lower 
in the laparoscopic group, but that the operation time was also shorter in the laparo-
scopic group in the study of Itani et al. [6].

Abdominal wall hernias (inguinal, femoral, umbilical, epigastric and incisional) 
require emergency surgery with a frequency of 5–13% due to incarceration. Following 
emergency surgery in incarcerated hernias, the risk of morbidity is still high despite 
advances in anesthesia, antisepsis, antibiotherapy, and fluid therapy [7, 8]. They 
reported 2% mortality in elective hernia operations, while this rate was 16% in 
emergency hernia operations in the research done by Williams and Hale [9]. There are 
many similar studies in the literature [10, 11].

Spigelian hernia is rarely seen and is also known as lateral ventral hernia. Spigelian 
hernia is the herniation of the peritoneal sac containing preperitoneal fat, peritoneal 
sac or rarely visceral from the Spigelian region. The Spigelian region is bounded 
laterally by the muscular fibers of the internal oblique and medially by the lateral 
edge of the anterior lamina of the rectus sheath. Spigelian hernia may be congenital 
or acquired. Although congenital Spigel hernia has been reported, it is mostly consid-
ered an acquired hernia. It constitutes 1–2% of all abdominal wall hernias. Incidence 
of incarceration and strangulation of Spigelian hernia is high [12–14]. Spigelian 
hernias are mostly observed in women. It was reported that it was found in women 
with a rate of 88% in some series [15]. The incidence probability of incarceration and 
strangulation is high because the neck of the hernia sac is narrow [16]. The need for 
emergency operation increases up to 20% [17]. Spigelian hernia should be treated 
surgically because of its high complications [18–20]. The closure can be done through 
the primary suture, patch or laparoscope [21].

Obturator hernia comprises for only 0.05–1.4% of all hernias [22]. Women are 6 
to 9 times more at risk than men because of the wider pelvis. Conditions that increase 
intra-abdominal pressure such as advanced age, weight loss, constipation and chronic 
lung disease or ascites are other risk factors. Diagnosis of obturator hernia is usu-
ally difficult. Physical examination, ultrasonography, CT scan, laparoscopy, and 
laparotomy are useful. Early diagnosis of obturator hernia prevents complications 
such as strangulation and perforation, and thereby reduces mortality and morbidity. 
In respect to treatment of obsturator hernia, abdominal, retropubic, obturator, and 
inguinal surgical approaches have been used in case of non-emergency. However, in 
case of emergency, the abdominal approach should be preferred to research compli-
cations such as strangulation or perforation. The hernia sac should be attached by 
turning upside down after the sac shrinks. The stump should be repaired with mesh, 
Teflon, fascial flap, or primary sutures. It may also be covered by a segment of the 
omentum. For obturator hernia, laparoscopic approaches have also been described in 
the last 20 years [23, 24].

Supravesical hernias develop at the supravesical fossa between the remnants of the 
urachus and the left or right umbilical artery. They are often the cause of intestinal 
obstruction. The supravesical fossa is the abdominal wall area between the remnants 
of the urachus (median umbilical ligament) and the left or right umbilical artery 
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(medial umbilical ligament) [25, 26]. The remnant of the urachus divides into the 
right and left fossa. There are two variants of supravesical hernias: an external form 
caused by the laxity of the vesical preperitoneal tissue, and an internal one with a 
growing hernia sac from back to front and above the bladder in a sagittal paramedian 
direction [25, 27]. External supravesical hernia often occurs as a direct inguinal 
hernia.

Congenital anomalies of the diaphragm are the result of fusion defects of the 
diaphragm, or these are due to intestinal developmental disorders accompanied 
with diaphragmatic closure problems. Congenital Diaphragmatic Hernias (CDH) 
are classified as Bochdalek (posterior-lateral), Morgagni (anterior-retrosternal) 
and septum transversum defects. Bochdalek Hernia is a congenital diaphragmatic 
anomaly that occurs in one in 2000–12,500 live births [28]. Surgical treatment of 
CDH can be performed by laparotomy, thoracotomy, laparoscopy, thoracoscopy 
and/or a combination of these procedures. Diaphragm defects can be closed with 
or without a prosthesis. Generally, closure of these defects with primary sutures is 
usually impossible due to the size of the defect. Various grafts can be used in this 
kind of hernias. Yet, although polyprolene mesh support provides for tissue growth, 
it is a theoretically accepted risk for this mesh to erode the gastrointestinal organs. 
By virtue of less adhesion formation in polytetrafluoroethylene and other dual 
prostheses, these grafts are more preferred [29].

After coming into use of laparoscopic techniques in general surgery in the 1990s, 
it has been reported that the first inguinal hernia repair was performed by method of 
minimal invasive in 1992 [30]. Transabdominally (TAPP) and Total extraperitoneal 
(TEP) methods are two important laparoscopic repair methods of inguinal hernia. 
The main difference between the TAPP and TEP method is the access to the preperito-
neal space. TEP method is more suitable for patients with intra-abdominal adhesions 
due to not entering the abdomen [31]. Because of the advantage of abdominal explo-
ration, the TAPP method may be more suitable for laparoscopic repair of strangulated 
hernias [31]. The learning curve in the TAPP method is shorter than the TEP method 
[32]. While using the TEP method, in case of technical problems, it may be turned the 
TAPP method instead of the open method. Success in inguinal hernia repair is associ-
ated with long-term recurrence rates, and these rates have been reported in the range 
of 1–2% for the TEP method and 0–3% for the TAPP method [33, 34]. It is considered 
that the TEP is more appropriate in patients with intra-abdominal adhesions, and the 
TAPP method in cases where extensive exploration.

2. Prosthetic material

As well as the surgery, developed by Italian surgeon Eduardo Bassini in the nine-
teenth century and called own name, opened an era in hernia surgery, the especially 
long-term results of hernia repairs were not at an acceptable level until the 1990s, 
when patch repair started to become popular. Likewise in such old methods, the 
individual’s own tissues were brought closer to each other with suture and a serious 
distention was formed in the operation area. This distention caused severe pain and 
discomfort in the early postoperative period, delayed return to normal activities and 
work, and recurrence of the disease in the long term. In hernia surgeries, the fact 
that the results of traditional repairs performed by suturing the tissues each other are 
not sufficient, in other words, the high recurrence rate of hernia has led surgeons to 
consider different methods over time. Today, the patches used in hernia repairs (mesh) 
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are mostly synthetic materials. In a word, it is a kind of prosthesis made of inorganic 
materials (prosthetic material).

3. Ideal patch

A patch to be placed on the human body for hernia surgeries should have certain 
features:

• The patch should be able to be produced in the desired structure, shape and size.

• It should be made from a non-carcinogenic substance that is to say not cause 
cancer.

• It should not cause allergic and hypersensitivity reactions.

• It should be able to integrate into human tissue, but not cause excessive inflamma-
tion and foreign reaction.

• It should have the strength to withstand the mechanical stress due to intra-abdominal 
pressure and abdominal wall movements.

• It should be chemically inert, that is to say, it should not react with tissue  
fluids.

• It should be able to sterilize.

Standard polypropylene (plastic) patch still takes the largest share among syn-
thetic patches used in hernia surgeries. The standard polypropylene patch is a “small 
pore and high weight” prosthetic material. Compound patches are made partly from 
polypropylene and partly from materials that are absorbed and lost by body fluids 
over time. The solute may be polyglycolic acid or polyglecapron. Compound patches 
have sufficient resistance in all cases and can be used safely in the treatment of 
abdominal wall hernias. These patches find use especially in surgical incision hernias 
that require large patches.

In patches of dual mesh/composite mesh, the main material is usually polypropylene 
or sometimes polyester. The interior surface of the patch that will come into touch 
with the intestines is covered with some non-adhesive materials in order to prevent 
these risks. Because this process requires special technology, the cost of this kind of 
patches is high. Such expensive patches must use in the laparoscopic repair of ventral 
hernias (umbilical, epigastric, incisional, Spigelian). In addition, these patches are 
also needed for the open repair of hernias in which a part of the abdominal wall is lost 
or the tissues are impossible being closed up each other.

Biological patches are produced from donor tissue with advanced technology in 
a laboratory environment. Living tissues used for this purpose today are human, pig 
and bovine skin, pig small intestine submucosa tissue, bovine and horse pericardium 
(heart membrane). The grafts (patches) used in this approach, which can be called a 
kind of graft, are designed to form a suitable basis for later collagen production and 
storage, as well as they are rich in collagen material that will provide strength.
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Chapter 2

Anatomical and Surgical Principles 
of Ventral Hernia Repairs
Chrysanthi Papageorgopoulou, Konstantinos Nikolakopoulos, 
Fotios Efthymiou and Charalampos Seretis

Abstract

Hernias comprise a growing problem in surgical science. The most recent  
classification scheme for hernias emphasizes on the size of defect as well as on 
whether it is an incisional hernia. The latter group includes complex hernias, 
namely hernias that can not be managed with simple surgical techniques. This 
can be accomplished with retromuscular repairs or the more complex anterior 
and posterior component separation techniques. An anatomic repair is usually 
reinforced with interposition of mesh. Newest techniques, such as the use of 
botulinum toxin to induce temporary paralysis of the lateral abdominal wall mus-
culature, referred to as chemical component separation, now present new tools in 
the restoration of anatomy-based repairs. The chapter entitled “Anatomical and 
surgical principles of ventral hernia repairs” aims to describe the anatomical and 
surgical principles of current practice regarding the repair of ventral -primary  
and incisional-hernias.

Keywords: hernia, ventral, surgery, anatomy

1. Introduction

Ventral hernias constitute a significant percentage of abdominal wall hernias, 
making the topic of relevant surgical anatomy and operative principles a fundamen-
tal one for the general surgeons, as well as urologists, gynecologists and vascular 
surgeons who perform operations within the peritoneal cavity. Historically, their 
management can be as simple as placement of a few interrupted sutures to close the 
hernia defect, but can also be as demanding as a complex abdominal wall recon-
struction for patients with loss of domain. Without a doubt, knowledge of the basic 
surgical anatomy principles and up-to-date operative techniques is mandatory for 
the avoidance of perioperative complications and reduction of future hernia recur-
rences. In this chapter, we aim to address these theoretical and practical issues, aiming 
to facilitate the formation of a structured individualized approach for the operating 
surgeons.
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2. Principles of surgical anatomy of the anterior abdominal wall

The anterior abdominal wall is an anatomically complex structure, comprising of 
skin, subcuticular adipose tissue, myofascial complexes and parietal peritoneum. Its 
central component is formed by the muscle fibers of the rectus abdominis, which are 
encased within an aponeurotic sheath and extend from the costal margins to the pubis 
[1, 2]. The anterior and posterior layers of these sheaths fuse in the midline, forming 
the linea alba [3]. The lateral border of the recti muscles have a convex shape which 
forms the semilunar line [4]. Lateral to the rectus sheath, three distinct muscles are 
identified: the external oblique, internal oblique and transversus abdominis muscles 
[5]. The external oblique muscle lies most superficially of the three and runs in an 
inferior and medial direction. Immediately deep to that, the internal oblique muscle 
is encountered coursing in a crossing direction to the external oblique muscle fibers. 
Finally, the deepest-lying muscle is the transversus abdominis, which travels, in 
accordance to its name, in a transverse direction. Of particular importance to the 
surgical repair of the ventral hernias are the aponeuroses which invest the above-men-
tioned anterior abdominal wall muscles muscles and form the fascial sheath of the recti 
muscles, apart from investing their native muscle. Having as a landmark the arcuate 
line (or semicircular line of Douglas), which forms the axis between the right and left 
anterior superior iliac spines, the anterior rectus sheath is formed mainly by the exter-
nal oblique aponeurosis and the external layer of the internal oblique aponeurosis, 
while he posterior rectus sheath is formed by the internal layer of the internal oblique 
aponeurosis, the transversus abdominis aponeurosis and the transversalis fascia. 
Inferiorly to the level of the arcuate line, the anterior rectus sheath is formed by layers 
of the aponeurosis of the external oblique, internal oblique and transverses abdomi-
nis muscles, while the posterior rectus sheath is absent, with transversalis fascia 
being the only pre-peritoneal fascial component of the recti complex [6]. Regarding 
its blood supply, the vast majority of inflow comes from the inferior and superior 
epigastric arteries, as well as complexes of the subcostal and lumbar arteries; venous 
outflow follows the main arterial branches [7, 8]. Finally, innervation is originating 
from the thoracic and lumbar spine, and more specifically between the levels of T4-L1 
spinal nerves [9]. From a technical perspective, perforating branches encountered 
during the dissection of the subcuticular layer flaps are critical for the viability of the 
anterior abdominal wall skin and should be preserved as possible; the same accounts 
for the neurovascular bundles which are encountered during dissection along the 
retrorectus space, as they are absolutely vital for the perfusion and functionality of 
the anterior abdominal wall [10, 11].

3. Types of ventral hernias

With the term “ventral hernia” we tend to describe the epigastric hernias, umbili-
cal/paraumbilical hernias, as well as the anterior abdominal wall incisional hernias 
[12]. Epigastric hernia any primary hernia located in the epigastric region of the 
anterior abdominal wall, topographically located anywhere on the axis of linea 
alba between the xiphoid process and 1–2 cm superiorly to the umbilical ring. They 
represent a true anatomical defect between the avascular fibers of the linea alba and 
usually contain pre-peritoneal adipose tissue, greater omentum, parts of the small or 
large bowel [13]. Very infrequntly the stomach or even the solid organs of the upper 
abdomen, have been reported to protrude through large epigastric hernia defects, 
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however these reports are rather scarce in the literature [14]. It has to be noted, that 
in many individuals, there is a laxity of the linea alba and the anterior abdominal wall 
myofascial complexes, which clinically can manifestate as a “bulge” during Valsalva’s 
maneuver between the recti muscles in the epigastric region and not surpisingly 
can be mistaken as a ventral hernia. This condition, in which only laxity of the linea 
alba exists without the presence of a defined, true anatomical defect exists, is called 
deverication of recti and its operative managment is completely different of a typical 
ventral hernia [15]. Therefore, the operating surgeon should have a low threshold 
for assesing these patients with a further imaging modality (ie ultasound, compute 
tomography or dynamic magnetic resonance scans) to confidently differentiate 
between the two conditions.

Umbilical/paraumbilical hernias, as the onomatology implies, are the hernias 
whose defects arise through or adjacent to the umbilical ring, and can be congential 
or develop later in life. Of note, the vast majority of the umbilical hernia defects that 
can be seen in infancy, will self-obliterate by the 5th year of age in more than three 
quarters of the patients [16]. With respect to those hernias arising during adult life, 
any factor which can increase the intra-abdominal pressure (obesity, ascites, chronic 
cough, pregnancy, chronic straining due to constipation) or weaken the strength 
of the anterior abdominal wall (connective tissue diseases, smoking, auto-immune 
disorders), could be implicated in their pathogenesis [17].

Incisional hernias occur at the sites of previous sites of surgical incisions and 
hence commonly are encountered in the midline (laparotomy), right iliac fossa 
(appendicectomy), right upper quadrant (open cholecystectomy), lower abdomen 
(cesarean section, gynecological procedures), as well as the insertion sites of laparo-
scopic ports (port-site hernias). With respet to the time of their occurence, the vast 
majority of incisional hernias occurs within the first 5 years post surgery, stressing the 
need for extended follow-up of the patients who are at high risk for development of 
incisional hernias [18]. Incisional hernias at sites of previous hernia repairs can also 
be described as “recurrent” hernias. Special note should be made to the parastomal 
hernias and other less common types, such as the semilunar and obturator hernias, 
which although technically arising from myofascial defects of the anterior trunk, they 
are traditionally not included in the category of ventral hernias and hence they are not 
addressed in this chapter.

4. Principles of pre-operative assessment, planning and decision-making

Thorough clinical examination is the first key step in the diagnostic pathway of the 
patients with ventral hernia. Despite the limitations which can be expected when in 
comes for instance to the examination of a morbidly obese patient, physical exami-
nation is essential to allow an initial estimation of the hernia features, such as size, 
reducability and presence of multiple defects. Detailed history regarding the relevant 
symptomatology and accompanying medical comorbidities, as well as previous 
abdominal operations is critical prior to planning any hernia repair. From a medico-
legal point of view, we tend to reserve a minimum of 20-min consultation slot for 
each new referral in our outpatient clinic, in order to avoid time pressure during the 
patients’ initial assessment. In addition, for “straighforward” cases of ventral hernias 
(ie small primary defects in fit patients), where the patient can be put directly on the 
waiting list, we strongly advise that the operating surgeon and the pateint counter-
sign the consent form for the procedure during the visit in the clinic rather than on 
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the day of the actual operation, to ensure mutual understanding of the procedure 
details and associated risks and implications.

In cases of uncertainity regarding the actual extent of the hernia, presence of 
multiple subclinical defects, previous failed hernia repairs, as well as in cases where 
co-existing intra-abdominal pathology warrants exclusion, we strongly advocate for 
the performance of additional imaging essays of the anterior abdominal wall, with 
computet tomography (CT) scan being the modality of choice. Anecdotally, in our 
practice, we tend to almost routinely perform CT scans pre-operatively in all patients 
with significant size defects, in order to pre-empty the need for implementation of 
abdominal wall reconstructive adjunct techniques (discussed later), as well as in 
patients with recurrent incisional hernias, as the clinical examination an easily miss 
small and subclinical at the time defects. Regarding pre-operative optimisation, 
smoking cessation is mandatory, due it well-known impact on post-operative wound 
infections, hernia recurrence rates and pulmonary complications. Especially in cases 
with major defects, pre-operative consultation by the anaesthesiologist is also sought, 
so as to correct any outstanding medical issues, in conjuction with the patient’s 
general/family practiioners. Finally, the patients with complex ventral hernias benefit 
from a pre-habilitation structured intrervention programme including nutritionist, 
physiotherapist and psychologist, aiding both the physical and mental preparation. 
Special note should be given to the increased popularity of implemantation of special-
ist hernia multi-disciplinary team meetings (MDTs), as it happens with the surgical 
oncology patients’ tumor boards [19]. The benefits of these meetings, with the par-
ticipation of all the medical and allied health professionals who will be involved in the 
are of complex hernia patients, is the central co-ordination of care, ability to assess 
the patient and his/her surgical problem through a more holistic approach, ability to 
involve other surgical specialities in a proactive manner (eg plastic surgeons in cases 
of abdominal wall reconstructions) and promotion of institutional expertise through 
continuous monitoring of patient outcomes during the follow-up periods.

5. Principles of technical approaches and operative strategies

Upon identifiation of the clinical need to repair a ventral hernia, the next key 
questions arise: “open or laparoscopic?”, “mesh or primary suture?”, “if to use a mesh, 
where should that be placed?”

With respect to the open versus laparoscopic approach, the expansion of minimally 
invasive techniques and the attracting concept to the patients has resulted in a signifi-
cant decrease of the number of ventral hernia cases performed with the traditional open 
approach. The well-known benefits of laparoscopic surgery, such as reduced hospital 
stay, improved post-operative pain control, less tissue handling, better cosmesis due to 
the performance of smaller insicions, have to be considered in ventral hernia repairs [20, 
21]. However, one should also bear in mind that laparoscopic surgery has it own natural 
limitations, like the need for a minimum of three separate incisions (laparoscope, two 
operating trocars) to perform the procedure, requirement of a medically stable patient 
who can tolerate the pneumoperitoneum and afford physically a probably longer 
operative time (excluding essentially the patients with significant co-morbidities or the 
critically unwell patients with incarcerated-strangulated ventral hernias), absence of 
extensive intra-abdominal adhesions, which could be the case in patients with incisional 
hernias and absence of intra-abdominal contamination in particular cases, like the 
ones with expected need for previous mesh explantation etc. [22]. Obviously, prior 
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laparoscopic surgery experience of the team plays a crucial role here, allowing to “push 
the envelope” sometimes with undertaking laparoscopic hernia repair in more comple 
than the average cases. Sometimes though the operating surgeon should bear in mind 
that the preferrable way is the easiest and fastest one, taking into account that most 
ventral hernia repairs could be safely performed in the traditional open fashion even by 
a surgical trainee; hence, complicating a straightforward open case for no reason will 
potentially just result in avoidable morbidity.

Regarding the use of mesh versus primary suture repair, the globally accepted 
consensus is that for defects <1 cm primary suture repair is acceptable, while for hernia 
defects >2 cm the use of prosthetic re-enforcement is advised; for the gray-zone of 
ventral hernia defects between 1 and 2 cm, an individualized risk/benefit approach 
is usually followed, balancing between a theoretically higher risk of hernia recur-
rence versus potential mesh-related complications [23, 24]. At this point, due to the 
existence of a number of patients who under no circumstances want the insertion of 
a prosthetic material in their body, the operating surgeon and the patient should have 
had this relevant discussion during the initial planning consultation and a tissue-only 
repair is sometimes mandated by the patients’ wishes. Another common scenario that 
detters many surgeons from using mesh and therefore renders the “mesh vs no-mesh” 
dilemma unnecessary, is the presence of surgical field contamination, although 
biological meshes could serve as a solution to the problem in cases where augmenta-
tion of a simple suture repair is required or as a bridging strategy in patients with loss 
of domain, where tissue approximation is not deemed possible. The chosen type of 
mesh can be placed under the subcutaneous tissue layer (onlay), within the myofascial 
complexes of the abdominal wall (inlay, such as the retro-rectus position), in the pre-
peritoneal space (sublay) or under the parietal peritoneum, in a fully intraperitoneal 
location [25]. All these anatomical spaces have their pros and cons with respect to 
hernia recurrence rates, technical ease, seroma formation, occurrence of wound infec-
tions/breakdowns. The operating surgeon needs to individualize the repair plan and 
for instance balance the benefit of a straightforward onlay mesh repair with the known 
higher chance of wound infections and seromas that accompany this technique.

Probably the key to the success of the repair of ventral hernias is the achieve-
ment of a tension-free repair with preservation of the blood and nerve supply to 
the anterior abdominal wall, as discussed earlier. Although this may be relatively 
easy with small defects, eg up to 5 cm, in cases of wider defects additional strategies 
might be required for a tension-free repair. Under this notion, the so-called “com-
ponent separation techniques”, with an anterior and posterior approach have been 
described. Although detailed description of these techniques exceeds the scope 
of this chapter, the common concept is that by appropriate division of myofascial 
elements, the release of the anterior abodminal wall components from their tight 
investments allows to gain more than 5 cm advancement gain in the epigastric 
region and a smaller but equally significant myofascial medialisation in the supra-
pubic region, enabling tension-free closure of large defects [26, 27]. Relatively 
recently, the “chemical component separation” technique has emerged, using 
Botox injections to paralyze temporarily the anterior abdominal wall masculature 
at the level of the forthcoming intervention, in order to allow for a more natural 
relaxation of the muscles and achievement of tension-free clousre [28]. Finally, in 
some centers, the use of progressive pneumoperitoneum is utilized, with the patient 
undergoing sessions of progressive abdominal wall distension, aiming to mecahni-
cally stretch the anterior abdominal wall masculature and facilitate large defects’ 
closure [29].
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6. Summary

The management of ventral hernias can be as simple as placement of a few inter-
rupted sutures or as difficult as a formal anterior abdominal wall reconstruction. 
Careful pre-operative planning with liberal use of appropriate imaging can help to 
formulate an accurate operative plan and minimize the chance for avoidable compli-
cations. The same accounts for the fundamental principle of holistic assessment of 
the patients and their needs, as well as their expectations. In addition, we strongly 
advocate routine follow-up of patients who are at high risk of developing incisional 
hernias, in a similar mindset to the follow-up of patients who undergo curative 
cancer operations, as early identifcitaion of an incisional/recurrent hernia facilitates 
its management. Finally, one should always bear in mind that the fact that a hernia 
operation is at the end of the day an “easy operation” is only a misleading stereotype 
and complex abdominal wall hernias should be ideally approached by experienced 
surgeons in centers with an established hernia service, rather than being attempted by 
novice or inexperienced surgeons.

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 3

Totally Extraperitoneal Approach 
(TEP) for Inguinal Hernia Repair
Ioannis Triantafyllidis

Abstract

Laparoscopic inguinal herniorrhaphy was initially described by Ger in the early 
1980s. Nowadays, two techniques are worldwide adopted: the transabdominal preperito-
neal approach (TAPP) and the totally extraperitoneal approach (TEP). In these repairs, 
the myopectineal orifice is approached posteriorly and allows for inguinal, femoral, 
and obturator hernia repairs to be performed simultaneously. TEP is a relatively new 
technique. McKernan and Law first introduced TEP in 1993. Some proponents of TEP 
advocate for this technique over the transabdominal approach due to the shorter opera-
tive times, especially for bilateral hernias, and decrease the risks of vascular, bowel, and 
bladder injuries as well as bowel obstructions, adhesions, or fistula formation potentially 
associated with intraperitoneal dissection and intraperitoneal mesh exposure. When 
compared with open hernia repair, and in particular for recurrent (after open) and 
bilateral hernias, many surgeons prefer the laparoendoscopic approach due to quicker 
recovery times and less postoperative and chronic pain. In experienced hands, there 
are no absolute contraindications to TEP, although a careful decision should be made to 
tailor the approach to both patient and surgeon factors. In this chapter, we will describe 
the technical steps of totally extraperitoneal hernia repair, the potential complications, 
and troubleshooting when needed.

Keywords: hernia repair, inguinal, totally extraperitoneal, laparoendoscopic, 
myopectineal orifice, mesh

1. Introduction

Repair of groin hernia is one of the most common elective operations performed 
in general surgical practice. Bassini’s [1] sutured repair became a milestone in the 
repair of groin hernia. Lichtenstein [2] popularized the tension-free open mesh 
repair using polypropylene mesh claiming rapid ambulation and recovery with a 
99% probability of permanent cure. Minimal access approaches to inguinal hernia 
repair have added to the ongoing debate over the best groin hernia repair [3, 4]. 
Ger and associates [5] in 1990 introduced laparoscopic inguinal hernia repair. The 
current concept of laparoscopic repair is based on Stoppa’s [6] concept of preperito-
neal reinforcement of fascia transversalis over the myopectineal orifice with a large 
piece of mesh. In 2004, the National Institute of Health and Clinical Excellence 
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(NICE) [7] published guidelines after a meta-analysis of over 40 randomized con-
trolled trials and reported that laparoscopic repair was indeed associated with less 
pain and faster recovery, but also with increased cost and longer operating times 
and that laparoscopic surgery is considered as one of the treatment options for 
the repair of inguinal hernia. There are two standardized laparoscopic techniques: 
transabdominal preperitoneal approach (TAPP) described by Arregui et al. [8] in 
the early 1990s and totally extraperitoneal approach (TEP) described by Mckernon 
and Laws [9] in 1993.

TEP laparoscopic inguinal hernia repair has gained popularity in the past few years 
and is preferred over TAPP repair as it is less invasive and avoids entry to the perito-
neal cavity. TEP procedure combines the advantages of minimal invasive surgery and 
those of tension-free mesh repair. TEP is a complex procedure that is performed in 
a space created during operation. It is necessary to be skilled in laparoscopic surgery 
and familiar with the anatomy of the abdominal wall from within to perform the 
operation with good results. During the learning curve, one of the difficulties is 
finding the correct plane in the preperitoneal space. If dissection is performed in 
the wrong surgical plane, there is increased risk of hemorrhage, loss of anatomical 
plane, or both. Laparoendoscopic inguinal hernia repair when compared with open 
approaches in various trials, either randomized or prospective, revealed significant 
benefits and advantageous outcomes, such as less postoperative pain, faster recovery 
and return to physical activity, as well as superior cosmesis [10, 11]. Furthermore, 
during laparoendoscopic hernia repair, the surgeon has the ability to inspect the 
entire myopectineal orifice and evaluate the presence of other types of hernia, such 
as a femoral hernia, which may be repaired in the same procedure [12, 13]. Although, 
a variety of laparoendoscopic techniques have been described for the management 
of groin hernias [14–19]; two among them are the most popular regarding inguinal 
hernioplasty: TAPP and TEP repair. In both methods, a mesh prosthesis is implanted 
into the preperitoneal space dorsal to the transversalis fascia. These techniques there-
fore represent minimally invasive versions of open mesh implantation techniques. In 
TAPP, the surgeon enters the peritoneal cavity and places a mesh through a peritoneal 
incision over possible hernia sites. TEP is superior because the peritoneal cavity is 
not entered and mesh is used to seal the hernia from outside the peritoneum. This 
approach is considered to be more difficult than TAPP but may result in fewer com-
plications. The TAPP approach has been advocated for complicated hernias (sliding or 
incarcerated inguinal hernias) and hernias with previous pelvic surgery (radical pros-
tatectomy). This technique has been criticized for exposing intraabdominal organs to 
potential complications, including small bowel injury and obstruction. Laparoscopic 
TEP hernia repair has gained ground in recent years and is preferred over TAPP as it 
is less invasive and is associated with fewer complications. In their comparative study, 
Felix et al. reported 11 major complications in the TAPP group (two recurrences, six 
hernias in the trocar site, and others), whereas only one recurrence was observed 
in the TEP group, with no intraperitoneal complications [14]. Khoury et al. found 
that patients who underwent TEP received less narcotic analgesia than those who 
underwent TAPP and that they were discharged more frequently at the operative day 
[20]. Although, traditionally, open hernia repair was favored over laparoendoscopic 
repairs, as far as cost-effectiveness is concerned [21, 22], nowadays, it seems that in 
a cost analysis context, TEP is comparable with conventional open repair [23, 24]. 
Taking into account that in experienced surgeons, operating time and morbidity, 
especially recurrences, are significantly reduced, laparoendoscopic inguinal hernia 
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repair techniques became more popular, and more and more surgeons favor them for 
most types of inguinal hernias. Furthermore, more surgeons prefer TEP over TAPP 
because the peritoneal cavity is not entered and in such a way less intraabdominal 
complications may occur.

2. Anatomy of the inguinal preperitoneal space

The preperitoneal space lies between the peritoneum and the posterior lamina of 
the transversalis fascia. There are two important spaces in the setting of laparoendo-
scopic inguinal hernia repair: the space of Retzius, the most medial of which lies supe-
rior to the bladder, and the space of Bogros, which is a lateral extension of the space 
of Retzius that extends to the level of the anterior superior iliac spine. Dissection of 
these spaces gives the surgeon access to the myopectineal orifice of Fruchaud, which is 
bound superiorly by the aponeurotic arch of the internal oblique and the transversus 
abdominis muscle, inferiorly by the Cooper ligament, medially by the lateral border 
of the rectus muscle, and laterally by the iliopsoas muscle. The inguinal ligament and 
iliopubic tract pass obliquely through this space (Figure 1).

Three potential sites of hernia formation are associated with the myopectineal ori-
fice: the indirect, the direct, and the femoral space. The direct and indirect spaces are 
located medial and lateral to the inferior epigastric vessels, respectively, and both are 

Figure 1. 
Anterior and posterior views of myopectineal orifice (from Elliott and Novitsky [25]).
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above the iliopubic tract. The femoral canal lies in the area bounded anterosuperiorly 
by the inguinal ligament, posteriorly by the pectineal ligament lying anterior to the 
superior pubic ramus, medially by the lacunar ligament, and laterally by the femoral 
vein (Figure 2).

Furthermore, three triangles are important in laparoscopic hernia repair: 
Hesselbach’s triangle with its’ medial border consisted of the lateral margin of the rec-
tus sheath, the superolateral border defined by the inferior epigastric vessels, whereas 
the inferior border is the Poupart ligament, the “triangle of Doom” bordered medially 
by the vas deferens and laterally by the vessels of the spermatic cord, with its base 
opposite to the deep ring (the contents of this space include the external iliac vessels, 
deep circumflex iliac vein, femoral nerve, and genital branch of the genitofemoral 
nerve) and the “triangle of Pain,” which is bounded by the gonadal vessels medially, 
the reflected peritoneum laterally, and the iliopubic tract superiorly (the femoral 
nerve, the genitofemoral nerve, the anterior femoral cutaneous nerve, and the lateral 
femoral cutaneous nerve are found in this region).

3. Indications and contraindications

It is generally accepted that laparoscopic inguinal hernia repair is indicated for 
bilateral hernias or recurrent following open repair [26]. The laparoendoscopic 
approach avoids the morbidity associated with bilateral groin incisions and allows 
for bilateral repair with one operation. Furthermore, it obviates the necessity to 
dissect in the anterior plane where the surgical field may be jeopardized from 
previous repairs, especially if a mesh has been used. Increasingly, surgeons have 
been offering laparoscopic repair upfront, even in the setting of unilateral, previ-
ously unrepaired hernias due to the reduction in postoperative acute pain and time 
away from work and daily activities, as well overall improved quality of life [27].  

Figure 2. 
Potential hernia sites within the myopectineal orifice (direct, indirect, obturator, and femoral). Placement of mesh 
over entire myopectineal orifice. Usually, no stapling devices are used for placement of mesh.
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This is particularly true for surgeons who are familiar and have experienced the 
laparoendoscopic technique. Surgeons during their early experience should prefer-
ably operate on thin patients fit for general anesthesia with small, direct, uncom-
plicated, or indirect reducible hernias.

Although there are no absolute contraindications to totally extraperitoneal hernia 
repair in the elective setting, apart from patient’s inability to tolerate general anesthe-
sia or pneumoperitoneum due to cardiopulmonary disease, previous pelvic irradia-
tion or surgery, lower midline or ipsilateral paramedian incisions, large inguinoscrotal 
or chronically irreducible hernias as well as recurrent hernias from a previous TEP 
are relative contraindications. With the blind balloon dissection required for the 
TEP technique, there is a risk of injury to the contents of the incarcerated hernia sac. 
Extraperitoneal endoscopic repair is difficult and time-consuming in these circum-
stances. In these instances, one may elect to attempt a TAPP repair and convert to 
the open operation if it is obvious that this, too, is not feasible. Modifications from 
a traditional TEP should include mandatory Foley catheter placement to allow for 
full development of the space of Retzius as well as surgeon comfort with ligating the 
epigastric vessels, if needed, as well as knowledge on how to incise the transversalis 
fascial sling to aid in indirect hernia sac reduction [28]. Previous appendectomy is 
usually not a problem, but the surgeon should be more careful during the lateral dis-
section. Acute abdomen with strangulated and/or infected inguinal hernias that will 
require bowel resection and pediatric patients are absolute contraindications.

4. Preoperative planning and patient preparation

A complete history and physical examination are mandatory to assess the patient’s 
fitness for general anesthesia. The patient is examined while standing and supine for 
both inguinal and femoral hernias on both left and right sides. A preoperative imag-
ing with ultrasonography or computed tomography is justified to rule out any doubt 
in the diagnosis of the inguinal hernia. Special measures must be taken if the patient 
is on drugs such as anticoagulants; if the patient is on acetylsalicylic acid and related 
drugs (these must be discontinued at least a week before surgery); and if the patient 
is on oral warfarin (should be placed on heparin or its long-acting derivatives). A 
pre-anesthetic check-up must be done to get clearance for surgery.

The patient should be informed that there is a risk of conversion to TAPP or to 
an open approach depending on the difficulty and the safety of the procedure. Any 
possible complications such as vascular or nerve injuries, mesh infection, chronic 
postoperative pain, hematoma, seroma or injury to the spermatic cord, bowel and 
urinary bladder, as well as risks from CO2 insufflation (hypotension, hypercapnea, 
subcutaneous emphysema, etc.), should be thoroughly explained to the patient [29].

Prophylactic antibiotic administration such as a single dose of a first-generation 
cephalosporin before the induction of anesthesia is recommended in the presence of risk 
factors for wound and mesh infection, such as advanced age, steroid use, obesity, diabe-
tes mellitus, immunosuppression, malignancy, prolonged operating time and/or inser-
tion of drains [30, 31]. Umbilical disinfection is recommended, and possibly shaving or 
depilation from the umbilicus halfway down to the symphysis. The patient should have 
emptied their bladder shortly before surgery and a catheter is not necessary, unless the 
operation takes more than 1.5 h. No bowel preparation is necessary. All patients undergo-
ing totally extraperitoneal hernia repair receive deep vein thrombosis prophylaxis.
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5. Anesthesia

Totally extraperitoneal hernia repair may be performed using local, epidural, 
or general anesthesia. Many surgeons find that spinal anesthesia is adequate for 
the TEP repair most of the time. Rarely, especially if the peritoneum is breached, 
conversion to general anesthesia may be required. However, it is our preference 
to operate under general anesthesia, because this type of anesthesia ensures 
that any cardiovascular or respiratory effect of CO2 insufflation is minimized. 
Furthermore these effects are comparable to those attributed to intraperitoneal 
CO2 insufflation [32].

6. Suggested equipment

• A 5- or 10-mm, 0° or 30° angled laparoscope

• A 5- or 10-mm Hasson’s trocar for the laparoscope

• One balloon/space-making trocar (optional; based on the International 
Endohernia Society guidelines, it is recommended to use a balloon dissector 
when creating the preperitoneal space, especially during the learning curve, 
when it is difficult to identify the correct preperitoneal plane and space [31])

• Two 5-mm trocars

• Two 5-mm fenestrated grasping forceps

• A 5-mm strong grasping forceps

• Monopolar energy device and cable

• A pair of dissecting and coagulating shears

• Scissors

• Laparoscopic clips (5 mm)

• A 5-mm endoscopic needle holder

• A Verres needle

• Synthetic mesh (i.e., a preshaped 3-D polypropylene mesh) (size may vary i.e., 15 
× 10 cm or 17 × 12 cm)

• A suction cannula

• Endoloops

• Tackers and fixation devices
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7. Technical considerations

7.1 Operating room setup

The patient is placed, under—usually—general anesthesia, in the supine position, 
with the arm on the side of the hernia extended, although many surgeons prefer both 
arms to be tucked. It is helpful to put the patient in a 15° Trendelenburg position. The 
monitor is positioned at the foot end of the patient. The surgeon stands on the side 
opposite of the hernia and the camera operator (assistant) and the scrub nurse at the 
side of the hernia.

7.2  Extraperitoneal access, trocar placement, and dissection  
of the preperitoneal space

We have adopted Dulucq’s [33] technique and a Veress needle is initially inserted 
above the pubis in the midline in order to penetrate the linea alba (Figure 3). The 
needle enters the preperitoneal space and is inserted in the Retzius space, which is 
insufflated with 2 lit of CO2. This initial “pneumodissection” of Retzius space facili-
tates the insertion of the working trocars and further dissection of the surgical planes. 
After the insufflation of CO2, a 1 cm periumbilical incision, ipsilateral to the hernia 
is made and the anterior rectus sheath is incised at the level of arcuate line, a point 
roughly level with the anterior superior iliac spine, and a 10-mm trocar is inserted into 
the preperitoneal space. The laparoscope is then introduced and the space is progres-
sively expanded by blunt telescope dissection with a 0° or 30° laparoscope and CO2 
insufflation at a continuous pressure of 12 mmHg. Alternatively, a dissecting balloon 
may be used to save time and facilitate the creation of the space, but this is not manda-
tory while it increases the cost of the procedure. Gentle side-to-side movements of the 

Figure 3. 
A Veress needle is initially inserted above the pubis in the midline in order to penetrate the linea alba. The needle 
enters the preperitoneal space and is inserted in the Retzius space, which is insufflated with 2 l of CO2.
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laparoscope are used to dissect the areolar tissue. The inferior epigastric vessels are 
clearly visualized laterally on the posterior surface of the rectus muscle, and special 
care is taken not to injure them to avoid an unpleasant intraoperative bleeding that 
may be difficult to control. The retropubic space of Retzius and the space of Bogros 
are easily expanded by the telescopic approach and under direct view a 5-mm working 
trocar is introduced in the midline, midway between the umbilicus and pubic sym-
physis. Thereafter, the preperitoneal space is widened by sharp and blunt dissection 
under direct view and a second working trocar is placed two finger breadths medially 
to the superior anterior iliac spine on the side of the hernia, thereby respecting the 
triangulation principle and allowing adequate lateral mesh placement. An alternative is 
to place both working trocars in the infraumbilical midline, a setup that allows bilateral 
inguinal repair with the same trocars, although it makes dissection more difficult due 
to the lack of triangulation. The lower border of the pubic bone and Cooper’s ligament 
should be exposed, noting the iliac vein and structures of the obturator foramen. This 
is the first anatomical landmark and appears as a white glistening structure (Figure 4). 
The space beyond the symphysis pubis is exposed for 2–3 cm to the obturator fossa, 
thus allowing the medial lower placement of the mesh. Extra care should be paid to 
avoid an injury in the urinary bladder. An injury to corona mortis at this stage should 
be avoided at all costs, as an intractable and uncontrollable hemorrhage may occur. 
Moving toward the anterior superior iliac spine in a surgical plane that is below the 
inferior epigastric vessels and above the peritoneum, the lateral dissection is made by 
pushing down the peritoneum until the psoas muscle can be seen. The space of Bogros 
is delineated and cleaned all the way up to the anterior superior iliac spine. Attention 
should be paid to avoid dissecting further laterally, in the so-called “triangle of pain.” 
This will prevent injury to the latero-cutaneous and genitofemoral nerves. Once the 
medial and lateral dissection is completed, the surgeon is able to identify the entire 
hernia defect, followed by a proper hernia sac reduction and repair.

7.3 Dissection of hernial sac

The hernia sac is gradually dissected by gentle traction on the cord elements 
to identify and free the peritoneal sac from the spermatic cord, vas deferens, and 
spermatic vessels. It is useful to isolate the hernial sac from the spermatic cord close 

Figure 4. 
Cooper’s ligament is the first anatomical landmark of our dissection and appears as a white glistening structure.
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to the deep inguinal ring, approaching from the lateral side, and then mobilize it from 
the inguinal canal by blunt dissection [31]. A large hernia sac may be left reverted 
inside the peritoneal cavity without resection. However, it can also be divided at 
the deep ring; this is strongly recommended for larger lateral hernias as extensive 
dissection may result in scrotal edema and postoperative pain. Such a sac should be 
separated from the cord, ligated (i.e., with an endo-loop), and divided distal to the 
ligature leaving the distal part of the sac open. A direct hernia sac is easily dissected 
bluntly from the transversalis fascia by simple traction, inverted, and anchored to the 
Cooper’s ligament with a suture or a clip to prevent a seroma formation or a pseudo-
recurrence. The peritoneum is pushed back as far as possible into the abdominal 
cavity. The anterior part of the psoas muscle, as well as the crossing of the iliac vein by 
the vas deferens, must be fully exposed [33]. Laterally, the peritoneal sac is mobilized 
posteriorly at least 5 cm from the inguinal ligament usually possible without sharp 
dissection. The cord should be completely skeletonized to the extent where the vas 
deferens is seen turning medially. This maneuver exposes the “triangle of Doom.” 
Dissection should be avoided within this triangle. A lipoma is often present in the 
inguinal canal and ideally should be resected or at least completely reduced. In case of 
bilateral hernias, the surgeon and camera assistant change sides and a similar dissec-
tion is performed on the opposite side (Figure 5).

A lateral hernia is usually found in females, and in such cases, skeletonization of the 
round ligament may result in injury of the peritoneum. It is important to close all perito-
neal holes with absorbable suture loops or clips to prevent any internal herniation or adhe-
sion formation with the mesh. It is advisable that the round ligament should be divided at 
the level of the deep inguinal ring between clips because of the arteries within it.

The sac in femoral hernias is reduced by gentle traction with fenestrated forceps. 
Widening of the femoral defect by using a hook diathermy at its medial-superior aspect 
in cases of small-sized defects may be necessary to facilitate the hernia sac reduction. 
An obturator hernia sac may be reduced in the same manner by gentle traction.

7.4 Mesh preparation and placement

Once the anatomic elements are properly identified, including dissection of the 
peritoneum covering the floor of the anterior pelvic wall, the final step is the hernia 

Figure 5. 
Indirect hernia sac dissection.
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repair, which is achieved by covering and reinforcing the entire myopectineal orifice 
with a suitable mesh. A preshaped 3-D anatomical mesh or a synthetic large-pore 
prosthesis at least 15 × 11 cm may be used. The ideal mesh should cover all areas of 
potential herniation, and it should cross the midline for at least 2–3 cm (Figure 6). 
Usually, a 15 × 11 cm mesh is appropriate for a patient with average body habitus. 
Large hernias will require even larger meshes of 15 × 15 cm. In cases of bilateral 
hernias, two meshes should be inserted overlapping each other in the midline for at 
least 3 cm. However, placement of only a large mesh seems a reasonable alternative, 
although not widely adopted.

A “no-touch technique” is mandatory to avoid mesh infection. Changing glove 
before handling the mesh is a wise precaution. The mesh is rolled and introduced 
through the 10 mm umbilical trocar into the preperitoneal cavity avoiding any contact 
with the skin. The mesh is then placed horizontally and unrolled over the myopectin-
eal orifice making sure to cover sufficiently all potential hernia sites in the inguinal 
region. One-third of the mesh should be below the symphysis pubis and the upper 
margin reaching the lower trocar medially. The mesh is placed in the preperiotneal 
space of Bogros and Retzius in such a way that the inferior edge of the mesh is on the 
psoas muscle and the lateral edge close to the anterior superior iliac spine, whereas the 
medial and inferior aspect of the mesh is placed under Cooper’s ligament. The inferior 
edge of the mesh covers the spermatic cord, the vas deferens, and the iliac vessels, 
while the superior aspect of the mesh is against the rectus and transversus abdominis 
muscles. It is important to make sure that no part of the peritoneum is under the mesh 
to prevent any recurrence.

Unlike TAPP, the mesh is usually placed without fixation, and after hemostasis has 
been achieved, the CO2 is deflated under vision to ensure that the mesh is not rolled. 
Folds or wrinkles in the mesh should be avoided because they lead to increased scar 
or adhesion formation and can be the cause of chronic pain in the future [26]. The 
lateral inferior edge of the mesh can be held with a grasper, if necessary, especially in 
cases of bilateral hernias. However, many surgeons prefer to anchor the mesh, with 
means such as tackers, sealants, or sutures, to prevent mesh migration and associated 

Figure 6. 
The ideal mesh should cover all areas of potential herniation, and it should cross the midline for at least 2–3 cm.
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recurrences. Fixation is usually done on Cooper’s ligament, medial to the inferior 
epigastric vessels at the rectus muscle and, if necessary, lateral to the inferior epigas-
tric vessels (Figure 7). Placement of tackers below the iliopubic tract and too laterally 
considering should be avoided. However, in cases of large direct or femoral hernias, 
it is advisable to fix the inferior edge of the mesh, either with stapler or sutures, to 
the pectineal ligament to prevent any slippage into the defect. Drainage of the extra-
peritoneal space is required rarely, mainly after sharp dissection of adhesions in the 
surgical field. If carbon dioxide is trapped within the peritoneal cavity, it is evacuated 
with a Veress needle, inserted at Palmer’s point. The ports are then removed and the 
anterior rectus sheath incision at the 10-mm trocar site is sutured. Gas trapped in the 
scrotum can also be evacuated by gentle pressure on the scrotum to push the gas into 
the preperitoneal space and then evacuate through the umbilical port or with a small 
needle at the end of the procedure, if this is necessary. The skin incisions are then 
closed with sutures, clips, or glue.

8. Postoperative care

Totally extraperitoneal hernia repair is usually performed under general anes-
thesia and thus a postoperative surveillance for at least 3–5 h is mandatory before 
discharge, once voiding freely and if they are hemodynamically stable and normal. 
Analgesics such as paracetamol or non-steroidal anti-inflammatory drugs are given 
either through oral route or as rectal suppositories for 2–3 days, if necessary. Diet 
is resumed as tolerated. Generally, no restrictions are placed upon the patients, and 
they are allowed to resume physical activity and return to work as soon as their pain 
tolerance allows them to do so.

9. Complications

Serious intraoperative complications specific to ΤΕΡ are less frequent than with 
TAPP [30], occur in about 4–6% of the cases, and can be due to injury to vascular, 
visceral, nerve, and spermatic cord structures [34].

Vascular injuries would include injury to the external iliac vessels, inferior epi-
gastric or spermatic vessels or the vessels over the pubic, arch including the corona 

Figure 7. 
Fixation of the mesh on Cooper’s ligament with tackers.
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mortis vessels. The most frequent cause of hemorrhage is injury of the epigastric 
vessels and their branches during extraperitoneal dissection and usually is controlled 
by clips and/or coagulation with bipolar shears. The lateral or anterior parietal 
perforating vessels may be controlled by coagulation. However, caution is required 
during electrocautery in the vicinity of nerves. Bleeding from corona mortis, which 
represents an anastomosis between the external iliac or the inferior epigastric and 
the obturator arteries, may occur during the medial dissection in approximately 
1.5–2% of cases and results in significant bleeding that may lead to retroperitoneal 
hematoma, conversion to open or reoperation [35]. The iliac vein can be mistaken for 
an irreducible hernia and injured, thus necessitating conversion to laparotomy. 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. Α careful practice 
should be used when retracting or dissecting closer to the “triangle of doom.”

Previous lower abdominal surgery poses a risk to injuries of the urinary blad-
der especially during midline adhesiolysis. The incidence of such a complication is 
reported to be less than 0.3% [36]. When identified, should be repaired endoscopi-
cally and a urinary catheter should be left in the bladder for a week [31]. This type of 
injury is not an absolute contraindication for mesh implantation.

Bowel injuries may occur during reduction of irreducible hernias or lateral adhe-
siolysis or as a result of transmitted energy through the thin peritoneal layer. It is 
mandatory to detect and manage them intraoperatively.

Nerve injuries, usually of the genitofemoral nerve and/or lateral cutaneous nerve 
of the thigh, and the intermediate cutaneous branch of the femoral nerve occur 
intraoperatively due to entrapment of the nerve when tacks are used to fix the mesh, 
thermal injury caused by excessive use of electrocoagulation or irritation caused 
directly by the mesh. This type of injuries become apparent postoperatively result-
ing in neuralgia, usually transient. To minimize the incidence of these injuries, one 
should maintain the correct plane of dissection, which means that the fascia over the 
psoas muscle should stay intact and the mesh should only be fixed medially, avoiding 
the “triangle of pain.” Knowledge of the groin anatomy is of paramount importance in 
avoiding nerve injury. Immediate postoperative neuralgia should ideally be managed 
by re-exploration and removal of the offending tack or piece of mesh. Symptoms 
of nerve injury usually resolve within 8 weeks. Chronic pain, defined as pain that 
persists after 3 months, may require prolonged injections with local anesthetic and 
corticosteroids and rehabilitation and in most severe cases exploration and removal of 
tacks or a neurectomy [37].

Peritoneal tears may occur in up to 47% of cases [38], resulting in pneumoperito-
neum, which diminishes the working space and increases the difficulty of the proce-
dure. Small holes do not need to be repaired. In case of an inadvertent opening of the 
peritoneum, the pressure drops but the operation usually can go on, if a Verres needle or 
an intraperitoneal trocar fitted with a valve is required to balance the pressures. If a bal-
ance cannot be obtained, the peritoneal opening must be closed with a suture or a clip. 
The peritoneal repair must be performed either during or at the end of surgery [26, 33].

Seroma and hematoma are the commonest complications following any type of 
hernia repair. Seroma has a reported incidence of 5–7% after laparoscopic repair, 
while the incidence of hematoma is around 8%. This, in fact, may mimic a recurrence, 
but resolves in 90% of patients by 6 weeks. These collections should not be aspirated 
or drained without obvious signs of infection, unless they cause discomfort and pain, 
especially if they persist more than 6 weeks, and it appears that they are not resolving. 
Aspiration should be performed under strict aseptic conditions and may be repeated 
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2–3 times. Physical examination alone usually establishes the diagnosis and no 
further imaging modalities are necessary. Careful dissection and hemostasis can help 
to reduce the incidence of postoperative hematoma [39]. It is important to counsel 
the patients regarding this complication to avoid fear and unnecessary visits to the 
emergency department and/or unnecessary imaging studies [39, 40].

Recurrence is one of the most important outcomes of hernia repair. Well-defined 
parameters that contribute to recurrence are surgeon inexperience, inadequate 
dissection of the myopectineal orifice, inadequate fixation of the mesh, insufficient 
mesh size, and failure to cover unidentified hernia defects, mesh folding that allows 
peritoneal slippage and mesh dislodgement secondary to hematoma formation [34]. 
There is no evidence that fixation of the mesh affects recurrence rates. A crucial step 
in preventing recurrence is creating a space wide enough for the mesh to overlap all 
possible sites of herniation with complete coverage of the myopectineal orifice.

10. Conclusions

Several trials and meta-analyses have shown that TEP is a procedure that carries 
an acceptable low complication rate and low recurrence rate with the advantages of 
minimally invasive surgery, when performed by experienced surgeons. Thus, it is 
associated with reduced postoperative pain, less need for postoperative analgesia, 
earlier resume of physical activities, and fewer recurrences in comparison to open 
inguinal hernia repair [31]. These benefits will be exaggerated when the laparoendo-
scopic technique is implemented in cases of bilateral or recurrent hernias. However, 
we should take into account that careful patient selection, precise knowledge of the 
anatomy, an adequate surgical technique, and the surgeon’s experience and expertise 
are the cornerstones of the best clinical outcome with low morbidity. In such a way 
laparoendoscopic inguinal hernia repair is the procedure of choice for the manage-
ment of primary and the vast majority of recurrent inguinal hernias.
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Chapter 4

Spigelian Hernia
Bruno Barbosa, Maria João Diogo, César Prudente  
and Carlos Casimiro

Abstract

Spigelian hernia (SH) is uncommon and accounts for only 0.12–2% of all abdominal 
hernias. Spigelian hernia is a protrusion through a defect in the aponeurosis of the trans-
versus abdominis muscle (Spigelian fascia) that is limited by the semilunar line and the 
lateral edge of the rectus abdominis muscle. It is more common in women 50–60 years 
and it is twice as common on the right side. Patients may present with non-specific 
abdominal pain. Clinical diagnosis may be difficult, especially in obese patients, and 
radiologic exams are essential to obtain the correct diagnoses. This type of hernia has a 
mandatory indication to surgical repair due to the risk of incarceration that can occur in 
about 25% and strangulation that can occur in about 40%. Traditionally, open surgical 
repair is most commonly used. However, laparoscopic approach is becoming increas-
ingly popular since it allows faster recovery, shorter hospital stay, and less pain, with no 
commitment to recurrence. Currently, there are no studies that demonstrate the superi-
ority of a laparoscopic technique (intraperitoneal onlay mesh (IPOM), transabdominal 
pre-peritoneal (TAPP) or extraperitoneal approach (TEP)). The intraperitoneal route is 
a simple, faster, and easily reproducible approach.

Keywords: Spigelian hernia, open surgery, intraperitoneal repair laparoscopic surgery, 
total extraperitoneal repair

1. Introduction

A hernia occurs when there is an abnormal protrusion of an organ or tissue 
through a natural orifice or weakness point. Abdominal wall hernias are quite fre-
quent, with approximately 700,000 hernia repair surgeries currently performed in 
the United States every year [1]. There are several types of abdominal wall hernias 
depending on their location (Figure 1), with inguinal hernias being the most com-
mon, accounting for 75% of all abdominal wall hernias [1].

Spigelian hernias (SH) are defined as a protrusion of preperitoneal fat, peri-
toneum or an organ through a defect that can be acquired or congenital, located 
laterally to the rectus abdominis in the anterior abdominal wall [2, 3]. This type 
of hernia is rare and has been estimated to account for <2% of all abdominal wall 
hernias [3–10]. Pain is the most common symptom reported by patients [4, 7], but 
there are no pathognomonic signs and symptoms, making clinical diagnosis diffi-
cult. Complementary diagnostic tests such as ultrasonography (US) and computed 
tomography (CT) can play an essential role in its diagnosis. Due to the high risk of 
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incarceration (25%) [4, 6, 7], this type of hernia is indicated for surgery [4, 5, 7, 9, 
11, 12]. The surgery can be performed openly or laparoscopically, with or without 
mesh placement [2–18]. Currently, the laparoscopic approach is increasingly used 
as it is associated with low morbidity rates [2–6, 8, 9, 13, 14]. The laparoscopic 
approaches described include trans-abdominal approaches such as the intraperi-
toneal onlay mesh (IPOM), transabdominal pre-peritoneal (TAPP) and totally 
extra-peritoneal (TEP) techniques [2–5, 9, 11, 14].

2. Anatomy

Spigelian hernia owes its name to the Belgian anatomist Adrian van den Spiegel 
who first described the semilunar line in 1645 [6–8, 10, 12, 15].

Spiegel described a lateral, convex line extending from the cartilage of the ninth 
rib to the pubis, lateral to the rectus abdominis and where the transversus abdominis 
muscle transition to its aponeurosis is found [7, 11]. This line became known as the 
semilunar line or Spiegel’s line (Figure 2) [7].

The transversus abdominis muscle aponeurosis that lies between the lateral border 
of the rectus abdominis muscle medially and the semilunar line laterally is called the 
Spigelian’s fascia or aponeurosis [2, 4–7].

It was not until 1764, more than a century after the description of the semilunar 
line, that a Spigelian hernia was described for the first time, reported by the Belgian 
anatomist Josef Klinkosch [3, 6, 8].

This way, SH is defined as a protrusion of preperitoneal fat, peritoneum or an 
organ through a defect located in the Spigelian fascia [6, 7].

Throughout history, SH has also been called “spontaneous lateral ventral hernia,” 
“semilunar line hernia” and “hernia through the conjoint tendon” [3, 6].

Although SH can occur anywhere on the Spigelian fascia, around 90% occur 
below the umbilicus, more specifically below the arcuate line [2, 5–8]. This zone is 
known as the “Spigelian hernia belt” and is defined medially by the lateral border 
of the rectus abdominis muscle, superiorly by the arcuate line and inferiorly by the 
inferior epigastric vessels [2–8]. Spigelien’s belt is an area about 6 cm wide above a 
transverse line that passes through the anterior superior iliac spines [5–7].

Figure 1. 
Different types of abdominal wall hernias.
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The higher incidence of hernias in this location is associated with the fact that in 
this location the posterior sheath of the rectus abdominis is absent and the fibers of 
the transversus abdominis and internal oblique muscle are in cross-parallel, making it 
a weakness point [5–8, 15]. This does not happen above the umbilicus where there is 
the posterior sheath of the rectus abdominis and the fibers of the transversus abdomi-
nis and internal oblique muscles cross perpendicularly [6, 7]. A SH above this area is 
extremely rare [7].

SH can also occur below and medially to the epigastric vessels and extend to the 
pubic tubercle, being called “low Spigelian hernia” [7].

The SH sac usually contains extraperitoneal fat, peritoneum, small intestine or 
omentum, but it may contain other organs such as the stomach, gallbladder, ovaries, 
testes and bladder [6, 16].

The hernia defect is usually narrow (0.5–2 cm), with rigid margins and covered by 
the aponeurosis of the external oblique muscle, thus presenting a high risk of incar-
ceration and strangulation [2, 3, 5, 9]. Some studies report that these hernias have a 
25% risk of incarceration and 40% of strangulation, making surgical repair a recom-
mendation [4, 6, 7]. Due to the rectus abdominis position, the hernia sac generally 
expands laterally and caudally along the intraparietal plane between the internal and 
external oblique muscle [7, 9].

3. Incidence

SH is a rare type of ventral hernia, accounting for about 0.12 to 2% of all hernias 
[1–3, 6–10, 16]. SH is most commonly diagnosed between age 40 and 70 and is 
slightly more common in women (male/female ratio 1:1.6) and on the right side of the 
abdomen (right/left ratio 2:1) [2, 7, 9, 12].

Patients with comorbidities that lead to increased intra-abdominal pressure or 
weakness of the abdominal wall have the greatest risk of herniation.

Figure 2. 
Anatomy of Spigelian fascia.
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4. Pathophysiology and risk factors

SH results from congenital or acquired defects, with a peak incidence in the fifth 
decade of life [6, 7].

Congenital defects are related to a weak area at the junction of the aponeurosis of 
the abdominal muscles as they develop separately in the mesenchyme of somatopleure 
[6, 7]. However, SH rarely occurs in children [7].

Concerning acquired defects, these can be associated with situations that increase 
intra-abdominal pressure, trauma or degeneration of the abdominal wall aponeurosis 
[6–8, 15].

The increased intra-abdominal pressure may be caused by situations like chronic 
obstructive pulmonary disease, chronic cough, obesity, cirrhosis, chronic constipa-
tion and pregnancy [6–8, 10, 15]. History of previous abdominal surgery (open or 
laparoscopic) and abdominal trauma can also predispose to the appearance of SH as it 
can weaken the semilunar line [6–8, 17].

Some authors have also suggested that the neurovascular opening in Spigelian’s 
aponeurosis may be a susceptible point of herniation; however, this factor is currently 
considered of little importance [17].

Collagen disorders such as Ehlers-Danlos Syndrome or the aging process can also 
increase the risk of developing these hernias [6–8].

Therefore, the development of SH is likely to be multifactorial.

5. Clinical presentation

The diagnosis of SH is difficult as there are no characteristic signs or symptoms of 
this pathology [2, 6, 7, 17].

Unlike other types of hernias, the most common symptom associated with a 
Spigelian hernia is pain and not a palpable protrusion/mass [2, 4, 5, 7, 17]. SH is often 
only diagnosed when it becomes symptomatic with incarceration, strangulation or 
occlusion, and before these events, patients are asymptomatic [7].

Pain varies in type, severity and location depending on the contents of the hernia 
sac [7, 18]. Typically, the pain is aggravated with standing or any other factor that 
causes an increase in intra-abdominal pressure, and it improves with rest and with the 
supine position [3, 7, 18].

In addition to pain, patients may present a palpable mass that may be located far 
from the hernia orifice [2, 3, 5, 7, 9, 14, 17]. This mass can appear when the patient is 
standing and disappear spontaneously when lying down [10, 17]. Large SH is easily 
palpable; however, the diagnosis of hernias with a small hernia sac and orifice is quite 
challenging [3, 4, 17].

During the physical examination, a tender spot over the hernia defect may be 
palpated when the abdominal muscles are tense [7, 17]. The sensitivity of the physical 
examination can be increased by asking the patient to relax and contract the abdomen 
(Valsalva maneuvers) [7, 18].

The diagnosis is made when a mass and hernia defect is palpated over the Spigelian 
aponeurosis [3]. However, this clinical presentation is not common since the orifice 
and hernia sac are rarely detected as it is covered by subcutaneous fat, especially in 
obese patients, and by the aponeurosis of the external oblique muscle [2–4, 6, 7, 17, 18].

These facts make the clinical diagnosis based only on the physical examination 
quite difficult, and some studies report that only in 50% of cases, a SH can be detected 
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with only the physical examination [6, 18]. It is therefore essential to complement 
with diagnostic exams when the patient is in pain but without any palpable mass.

The diagnosis of SH is challenging and requires a high level of suspicion [2–7, 17, 18].

6. Complementary diagnostic exams

As previously mentioned, the diagnosis of SH can be challenging and imaging 
exams are often necessary to help diagnose or assess the correct diagnosis. These 
exams are intended to show the presence of a hernia orifice and obtain information 
about the contents of the hernia sac [3, 4, 8, 14, 17]. Imaging exams also allow us to 
exclude differential diagnoses, which based only on the clinical presentation can be 
challenging.

6.1 Abdominal X-ray

In order to be able to make the diagnosis of SH through radiography, the hernia 
sac must have a subcutaneous location and contain an intestine with air, gas or oral 
contrast [17]. The use of oral contrast also allows diagnosing occlusion conditions 
[17]. However, this exam does not allow the diagnosis of SH if the hernia sac contains 
omentum or if the hernia sac has no content [17]. In these cases, radiography is usu-
ally an inconclusive exam [17].

6.2 Ultrasonography (US)

Ultrasonography is recommended as the first-line imaging test to investigate the 
existence of SH [14, 18], presenting diagnostic utilities on palpable and non-palpable 
SH [17, 18]. Diagnosis is made when the presence of a hernial orifice in Spigelian 
aponeurosis is demonstrated [17]. The hernia orifice is visualized as a defect in the 
echographic line of the aponeurosis (Figure 3) [17]. There may also be interruptions 
in the lines that represent the preperitoneal and peritoneum fat [17]. US has a diag-
nostic sensitivity of 90% for SH and a positive predictive value of 100% [2]. Thus, US 
is a highly sensitive and low-cost test, ideal for an initial approach to the diagnosis of 
SH, but it has the disadvantage of being operator-dependent [15, 18].

Figure 3. 
Ultrasonography of Spigelian hernia (shown by the yellow arrow).
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6.3 Computed tomography (CT)

Some studies suggest that the CT scan has a diagnostic sensitivity of SH of close 
to 100% [2, 14] and a positive predictive value of 100% [2], making the CT the most 
reliable exam to perform the diagnosis and delimit the anatomy in uncertain cases 
(Figures 4 and 5) [2, 4, 8, 18].

6.4 Magnetic resonance imaging (MRI)

With the increasing availability, MRI can bring benefits in the preoperative evalu-
ation of doubtful cases [18]. However, more studies are needed to understand its use.

6.5 Laparoscopy

Although US and CT scans are useful tests to make a diagnosis, sometimes SH is 
not diagnosed by these exams. Thus, when the mass caused by SH is not palpable and 
is not visible by any imaging exam, exploratory laparoscopy may be indicated [4].

7. Differential diagnosis

SH can have a presentation with several non-specific symptoms, making this 
pathology easily confused with other intra-abdominal pathologies or lesions of the 

Figure 5. 
CT scan of incarcerated SH (SH shown by the yellow arrow). 

Figure 4. 
CT scan of SH orifice (SH shown by the yellow arrow).
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anterior abdominal wall [7, 17, 18]. The presence of other types of hernias, namely 
ventral or incisional, the presence of soft tissue or abdominal wall tumors, abscesses 
or adenopathies should be excluded [7, 17].

Other causes of abdominal pain such as appendicitis, appendicular abscesses and 
diverticulitis should be excluded [18].

Besides, a hernia can dissect the sheath of the rectus abdominis, making SH to be 
confused with a spontaneous rupture of the rectum or a hematoma [7].

8. Treatment

As previously mentioned, SH must be treated surgically due to their risk of 
incarceration and strangulation [2, 4, 7, 9, 11, 17], and up to 1/3 of SH are urgently 
operated due to these complications [10].

Traditionally, SH was corrected by open surgery; however, with the advances 
in laparoscopic surgery, it started to play an increasingly important role [2–7]. This 
approach still allows for a diagnostic acuity of almost 100% [12].

Several studies have shown that laparoscopic surgery has less morbidity, with less 
pain, fewer operative wound complications and a shorter hospital stay (1–1.4 days vs. 
5.2 open days) [2–17].

8.1 Open approach

This procedure is usually performed through a transverse or paramedian incision 
over the protrusion site [7, 10, 18]. A dissection of the subcutaneous tissue is carried 
out up to the aponeurosis of the external oblique muscle and its opening with a cut in 
the direction of the muscle fibers [5, 7, 10, 18, 19]. After reduction of the hernia sac, 
the hernia orifice can be closed with a non-absorbable suture or with the placement of 
a synthetic mesh (in a sublay or inlay position) anchored with separate stitches [4, 5, 
7, 18, 19].

Some authors advocate that the open route should be chosen if the hernia orifice is 
larger than 5 cm and if the abdominal wall is visibly damaged [15].

8.2 Laparoscopic approach

In 1992, Carter and Mizes performed the first laparoscopic repair of an SH, 
having performed a primary suture repair with extracorporeal knotting [5, 11, 12, 
14, 18, 19].

The laparoscopic approach allows for an easy location of the defect, requiring less 
tissue dissection [2, 4, 5, 8, 9, 13]. The use of synthetic mesh is recommended, as it 
guarantees better results when compared with suture of the hernia defect [4, 11].

Currently, there are three types of laparoscopic approaches with mesh placement 
described, two through an intra-abdominal approach (IPOM and TAPP) and one 
through an extraperitoneal approach (TEP). The IPOM approach is the most popular, 
being performed in about 46.2% of cases, followed by TAPP (35.5%) and TEP (18.3%) 
[2, 5, 11, 14].

The International Endohernia Society Guidelines Update 2019 recommends that in 
the laparoscopic treatment of ventral and incisional hernias, an “at least four time the 
radius of the defect” mesh should be used [4]. Other authors suggest that the mesh 
should exceed the limits of the hernia defect by 4–5 cm [17, 18].
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Laparoscopic approach with the mesh placement is safe, has few complications 
and allows a faster recovery [2, 5, 11, 12, 14, 15, 17, 18]. However, if we are facing an 
intra-abdominal infection or signs of strangulation of the contents of the hernia sac, 
the synthetic mesh should not be used [7].

Given the rarity of this pathology, no study has been able to demonstrate superior 
outcomes between these three laparoscopic approaches [2, 4–9].

Most studies do not report the existence of SH recurrence after laparoscopic cor-
rection regardless of the chosen surgical approach [5, 8, 19].

8.2.1 Intraperitoneal onlay mesh

The IPOM approach is the most commonly used and reported in the literature as 
it is a technically less demanding approach and fast technique and requires a shorter 
learning curve compared with others [2, 5, 11, 14]. The IPOM does not require a 
peritoneal flap and surgeons are more familiar with the intra-abdominal anatomy  
[5, 14, 17–19].

Brief description of the surgical technique [14, 17, 18]: The patient is positioned 
supine with both arms along the body. Pneumoperitoneum is performed. Three tro-
cars are introduced: 1 trocar of 10 mm in the mid-clavicular line contralateral to the 
hernia at the level of the umbilicus or at the umbilicus; 1 trocar of 10 or 5 mm on the 
midclavicular line in a position superior to the first trocar and the last trocar of 5 mm 
inferior to the first trocar on the midclavicular line. The content is bluntly reduced 
and the mesh is placed.

In this technique, a composite or expanded polytetrafluoroethylene (PTFE) mesh 
is placed to cover the defect, covering at least 5 cm from the circumferential margin of 
the orifice, and it is anchored with tacks or transabdominal suture [7, 14, 17, 18].

Some studies have shown that intestinal adhesions or erosion of loops can occur 
due to tacks and the mesh; however, this event has not yet been reported in any 
clinical case [5, 12, 14]. Another disadvantage of this technique is that it violates the 
integrity of the abdominal cavity [4, 14].

The IPOM approach has been shown to be safe, with less operative time (mean 
duration 39 minutes), shorter hospital stay and few complications [5, 14, 17, 18].

8.2.2 Transabdominal preperitoneal approach

The initial approach of TAPP technique is similar to the IPOM [2, 7]; however, 
unlike the IPOM, the mesh is located anterior to the peritoneum [2, 7, 14, 18]. In this 
technique, it is necessary to create a peritoneal flap to cover the mesh used making 
this technique more technically challenging [2, 14, 18]. This flap is then closed with 
tacks or continuous sutures [18].

As with the IPOM, TAPP also makes it possible to precisely locate the hernia defect 
and observe the viability of the intestine incarcerated [7, 14, 19].

The TAPP procedure takes an average of 45 minutes [14].

8.2.3 Total extraperitoneal

In 2002 Morena-Egeas described for the first time the correction of SH via the TEP 
technique [13].

Brief description of the surgical technique [2, 5, 7, 10, 11, 18]: Patient in 
supine position with both arms adducted. Infraumbilical ipsilateral incision and 
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introduction of a 30° optic into a 10-mm port. Creation of a preperitoneal space 
with carbon dioxide insufflation at a pressure of 10 mmHg or with the inflation of 
a balloon, followed by telescopic dissection at the midline. Introduction of 2.5-mm 
working ports in midline, 8 and 3 cm from the pubic symphysis, under a direct view. 
Dissection and development of a preperitoneal plane. Identification of the hernia 
sac and mesh placement.

Studies have revealed that patients undergoing correction for TEP require fewer doses 
of narcotics and less time to resume daily activities when compared with TAPP [11].

TEP has advantages over TAPP since it avoids complications due to the dissection 
necessary to perform the peritoneal flap and reduces the operative time by avoiding 
its closure [5, 11, 13]. In addition to these factors, TEP allows the use of a Prolene 
mesh and does not require the use of tacks to close the peritoneal flap, which reduces 
the cost of surgery [5, 13]. This technique also makes it possible to reduce possible 
complications such as iatrogenic lesions of intestine or intestinal obstruction, as there 
is no violation of the abdominal cavity [5, 11].

However, the disadvantage of TEPP is the inability to do an exploration of the 
contents of the intestinal sac, making this approach indicated only for elective 
patients [5, 11].

This approach has an average duration of 59 minutes [14].
TEP is the least used surgical approach as it is the most technically challenging 

and has a longer learning curve, in addition to requiring a longer hospital stay when 
compared with IPOM [2, 5].

8.3 Robotic surgery

With the advancement of the availability of robotic surgery, it is expectable that 
this route of surgical correction will become more and more frequent [7, 20, 21]. 
SH repair using robotic techniques was described similar to the IPOM laparoscopic 
approach [7]. Due to the limited number of procedures performed this way, studies 
have not yet been carried out to determine the effectiveness and safety of robot vs. 
laparoscopic repairs [20, 21].

A major disadvantage of robotic surgery is the longer surgical time as well as the 
higher cost [20, 21].

9. Conclusion

Spigelian hernia (SH) is a rare type of abdominal wall hernia and results from 
protrusion through a defect in the Spigelian aponeurosis. Diagnosis may be difficult, 
and sometimes, this hernia goes unnoticed on physical examination. It is essential 
that the physician has a high level of clinical suspicion and often this diagnosis is 
only possible with the aid of imaging tests (US and CT). This type of hernia has 
surgical indication due to its risk of incarceration and strangulation. Since it is a rare 
and underdiagnosed type of hernia, currently there is no surgical technique defined 
as the ideal one for its correction. The surgical approach chosen must be adjusted 
to the patient, characteristics of the hernia, the available technical means and the 
surgeon’s experience. Currently, the laparoscopic approach is gradually becoming the 
preferred surgical approach; however, the open approach remains the most widely 
used. IPOM approach is the most commonly used, as it is a simple, faster and easily 
reproducible approach.
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Abstract

The Spigelian hernia is a rare variety of ventral hernia and has an incidence 
ranging from 0.1–2% of all abdominal wall hernias. It occurs through a well-defined 
defect in the Spiegel’s fascia adjacent to the semilunar line. It can be congenital or 
acquired. The acquired variety is predisposed by stretching and weakening of the 
abdominal wall by factors that increase the intraabdominal pressure. These hernias 
are most commonly located in the interparietal plane with no visible or palpable mass, 
and only 50% of cases could be diagnosed clinically before any surgical intervention. 
Radiological investigations like USG and CT scans confirm the clinical diagnosis or 
pick up the subclinical varieties that present with non-specific pain in the anterior 
abdominal wall. Surgery is the mainstay of management. These hernias are prone 
to early incarceration and strangulation and therefore should be operated at the 
earliest. It is stressed that a prosthetic mesh should be used for a better outcome as it 
decreases recurrence. Conventional open hernioplasty has been largely replaced by a 
laparoscopic approach such as TAPP, TEP, IPOM and robotic-assisted surgery. Early 
diagnosis and surgery prevent morbidity and dreaded complications.

Keywords: hernia, abdominal hernia, ventral hernia, Spigelian hernia, Spigelian fascia

1. Introduction

Hernias penetrating the anterior abdominal wall are considered the ventral 
hernias, and the majority of these are formed by the inguinal, femoral and umbilical 
hernia. Rare varieties include the lumbar and Spigelian hernias. The Spigelian hernias, 
principally acquired, has an incidence ranging from 0.1–2% of all abdominal wall 
hernias [1, 2]. These hernias occur through a well-defined defect in the Spiegel’s fascia 
of the anterior abdominal wall adjacent to the semilunar line, which corresponds ana-
tomically to the lateral edge of the rectus abdominis muscle. These hernias, therefore, 
are also known as the “spontaneous lateral ventral hernia” or “hernia of the semilunar 
line”. Commonly it occurs at the lower part of the abdomen, below the umbilicus 
where the posterior rectus sheath is deficient.
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2. History

The semilunar line, originally named the “linea semilunaris spigelii” (the line of 
Spiegel), is named after the Flemish anatomist and surgeon, Adrian van der Spiegel 
(1578–1625) who first described the anatomical and surgical significance of well-
known linea semilunaris [1]. He defined it as the line of transition between the muscle 
and aponeurosis of transversus abdominis muscle, extending from the ninth costal 
cartilage to the pubic tubercle with a lateral convexity sometimes easily described 
as the lateral border of the rectus sheath. Although, Spiegel first described the linea 
semilunaris, it was not until more than hundred years later the Spigelian hernia was 
first described clinically by another Flemish anatomist and surgeon Josef Thaddaei 
Klinkosh in the year 1764, setting forth the surgical significance of this line [3]. He 
described it as a ventral hernia developing at the site of linea spigelii, and distinctively 
coined the name Spigelian hernia.

3. Surgical anatomy

The Spigelian line marks the transition from transverse abdominis muscle to 
aponeurosis. The part of this aponeurosis that lies lateral to the rectus abdominis 
muscle is called Spigelian fascia/aponeurosis. Hence Spigelian aponeurosis is limited 
medially by the lateral edge of the rectus muscle and laterally by the semilunar line. 
Thus, anatomically the Spigelian fascia is the medial part of the transversus aponeu-
rosis between the lateral border of the rectus sheath and semilunar line and stretches 
from the tip of the 9th costal cartilage until the pubic tubercle. The Spigelian hernia 
can occur at any point through this fascia.

The crescentic shape and wide variability in the width of Spigelian aponeurosis 
craniocaudally predispose to the specific site of these hernia formations (Figure 1). 
The Spigelian line in the cranial part of the abdominal wall lies close to the rectus 
abdominis muscle, and hence the Spigelian aponeurosis is very narrow in this zone, 
due to the presence of more muscular three flat muscles of the abdominal wall 
attaching to the lateral border of the rectus sheath. Thereby the muscular fibres and 
aponeurosis of the external and internal oblique muscles overlap the narrow Spigelian 
aponeurosis. This is probably the main reason why these hernias are uncommonly 

Figure 1. 
Schematic diagram showing the Spigelian fascia and Spigelian hernia belt.
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found above the umbilicus. It is also seen that the fibres of the internal oblique and 
transverse abdominis muscle run at an angle to each other above the umbilicus 
thereby providing additional strength and preventing hernia formation. More 
commonly these hernias are located in an approximately 6 cm transverse imaginary 
zone extending from the interspinal line to 6 cm superior to it. The Spigelian fascia is 
widest here with the greatest abdominal circumference and highest intra-abdominal 
pressure. Due to its etiological significance, this belt is aptly known as the Spigelian 
hernia belt [4].

The size of the hernia orifices usually ranges from 0.5 to 2 cm in diameter. It has a 
well-defined, firm edge and is round to oval in shape (Figure 2). This well-defined, 
fibrous, inelastic edge is believed to increase the risk of incarceration and leads to a 
condition akin to Richter’s hernia formation [5–9]. In the beginning, these hernias 
are usually limited to the Spigelian aponeurosis on the axial plane, but when their 
size increases, these can dissect the fibres of transverse abdominis muscles laterally 
as its medial extension is limited by the rectus muscle and sheath, and create a bigger 
defect in the anterior abdominal wall. Another probable reason for its lateral position 
is because that the external oblique aponeurosis covers the Spigelian aponeurosis in its 
whole length and creates a potential space between the muscle layers. This provides 
enough space for the herniated sac to expand and take the route of least resistance 
laterally and is thus palpable more lateral than the actual location of the hernia 
orifice. This usually conforms to a mushroom-shaped appearance of these hernias on 
palpation.

In most patients, due to the presence of the tough external oblique aponeurosis, a 
small Spigelian hernia may go unnoticed. For the Spigelian hernia to be palpable clini-
cally, it needs to penetrate both the transverse abdominis, internal oblique muscles 
and further glide in between the two oblique muscles. Further, the dissection of the 
internal oblique is determined by the fact whether the internal oblique muscle ventral 
to Spigelian aponeurosis is aponeurotic or muscular. In the event the hernial sac 
encounters an aponeurotic layer in its way, the hernia sac will tend to lie between the 
transversus abdominis and the internal oblique muscles. Although, the aponeurosis of 
the internal oblique muscle strengthens the Spigelian fascia, more often than not it is 
the internal oblique muscle belly rather than the aponeurosis that covers the Spigelian 

Figure 2. 
Schematic diagram showing herniation through the Spigelian hernia. Note the hernial sac is obscured under the 
external oblique aponeurosis.
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fascia, thereby reducing the reinforcement. In cases when the hernial sac grows and 
dissects the two innermost muscle layers, the hernia may become palpable clinically. 
Most commonly these are palpable below the level of the umbilicus as the fibres of 
the transversus abdominis and internal oblique muscles run parallel to each other 
in this area, thus reducing the resistance further. Above the umbilicus, these muscle 
fibres form a criss-cross configuration providing additional support and resistance 
and thereby decreasing the chance of a Spigelian hernia to be palpable but at the same 
time increasing the chance for incarceration.

It was usually believed that Spigelian hernias tend to occur through small defects 
in the transversus abdominis aponeurosis where it was penetrated by the perforat-
ing vessels and nerves [10, 11]. These were also thought to occur at the junction of 
the semilunar line and semicircular line of Douglas as the majority of cases were 
described below the umbilicus in the region of the line of Douglas. This observation 
was attributed to the fact that not only Spigelian fascia is broadest here but also the 
lack of posterior rectus sheath represents the inherent weakness of this zone, and also 
due to fibres of transversus aponeurosis that runs parallel to the internal oblique. This 
concept was first challenged by Webber et al., who demonstrated that approximately 
45% of Spigelian hernias occurred above the arcuate line [12]. Interestingly, although 
most of these hernias can occur in the Spigelian hernia belt below the umbilicus for 
the aforementioned reasons [13, 14], the defect may still lie above the arcuate line. 
The hernia sac usually consists of the peritoneum, preperitoneal fat and occasion-
ally transversalis fascia. The hernial content can be small bowel or omentum but can 
include any organ depending on its location. The size of the neck has been reported to 
vary from as small as 0.5 cm to as large as 6 cm [15].

4. Pathophysiology

These hernias can be congenital or acquired. Congenital cases develop through 
the weak areas in the aponeurosis of the abdominal muscles formed during their 
development in the mesenchyme of the somatopleure originating from the invad-
ing and fusing myotomes of the anterior abdominal wall and are usually associated 
with cryptorchidism [14, 16]. The congenital variety presents in the younger age, 
is usually small and mostly remains subclinical. Adult hernias are usually acquired. 
The perforating vessels were believed to create the area of weakness in the Spigelian 
fascia which was enhanced by herniation of preperitoneal fat, although this is now 
considered of minor importance [17]. Spigelian fascia is widest below the umbilicus 
and potentially weakest. Besides, the abdominal girth is wider below the umbilicus 
and in accordance with the Laplace’s law, wall tension will be greater. Furthermore, 
transversus abdominis and internal oblique muscles in the upper part of the abdomen 
extent medially into the posterior rectus sheath and strengths the Spigelian fascia. 
The natural progression of the disease ranges from younger patients usually present-
ing with a smaller fascial defect with preperitoneal tissue being the most common 
content. However, with increasing age, elderlies are vulnerable to the development of 
larger defects with peritoneal contents constituting the main sac content [18].

Besides the anatomical factors, hernia formation can be predisposed by  
stretching of the abdominal wall by factors that increase the intraabdominal  
pressure such as chronic cough, chronic obstructive pulmonary disease, obesity, 
ascites, pregnancy. It has also been described as a complication of chronic ambulatory 
peritoneal dialysis [19, 20].
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Besides these, scarring from previous abdominal surgeries, paralysis of the 
anterior abdominal wall may weaken the Spigelian aponeurosis and create an area of 
weakness [21].

It has also been reported that the creation of pneumoperitoneum during laparo-
scopic surgeries can predispose to herniation through a pre-existing weakness in the 
Spigelian fascia [22].

5. Epidemiology

The true prevalence of Spigelian hernia remains elusive as the majority of these 
cases are asymptomatic. A recent study showed that on ultrasonographic examina-
tion of 785 anterior abdominal wall hernias, only 1.4% of patients had Spigelian 
hernias indicating the rarity of the condition [23]. In another study, 2% of incidental 
Spigelian defect was identified during laparoscopic procedure further affirming 
the uniqueness of this hernia [24]. Spigelian hernias are slightly more common in 
females, occur mostly on the right side and usually affect people in their fourth to the 
seventh decades of life [25–27]. However, the laterality of these hernias is a conten-
tious issue and as in other studies, left side location has shown predominance [28, 29]. 
Nevertheless, the underlying reasons are unknown and laterality remains inconse-
quential to its management.

6. Clinical features

The majority of these hernias are asymptomatic and accordingly the diagnosis 
is difficult, especially when these are of smaller size. The intraparietal location 
with overlying tough external oblique aponeurosis and thick subcutaneous fat 
mask their detection during a clinical examination. However, in patients who 
present with symptoms, these may range from nonspecific abdominal pain to a 
palpable lump or a visible mass in the abdominal wall to dangerous features of 
incarceration with or without features of strangulation. The characteristic of pain 
depends on the size and contents of the hernia. This may be a dull, sharp, or even 
burning type. However, one symptom is usually constant, and the pain is aggra-
vated with increased intraabdominal pressure and often after a heavy meal, exer-
cise, walking and running, and is relieved with rest and lying down. Nonetheless, 
the occult nature of these hernias predisposes them to incarceration and the risk 
of strangulation requiring emergency laparotomy is up to 24% [30–32] which is 
way above the 5-year strangulation risk of umbilical hernia (4%) and inguinal 
hernia (2.5%) [33, 34].

In cases of a visible lump, it is delineated when the anterior abdominal wall is 
made taut and the patient is in the upright position, but disappears when the patient 
lies down. With the increase in size, the lump tends to expand laterally and caudally 
between the layers of two oblique muscles. Therefore, at times, the patient may 
present with a non-specific bulge without a definite well-demarcated palpable lump 
which may be due to a typical T-shaped hernial sac causing elevation of the intact 
external oblique aponeurosis. The diagnosis of hernia can be affirmed if the swelling 
can be reduced, but reappears in the upright position and especially with the manoeu-
vres that increase intraabdominal pressure such as coughing, straining or a Valsalva 
manoeuvre, and disappears on lying down.
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Palpation of the hernia defect in most cases is difficult as these defects are small 
and are masked by the tough external oblique aponeurosis and subcutaneous fat. 
However, an attempt should be made to palpate the abdominal wall after making the 
musculature taut to identify any local tenderness indicating the point of the hernial 
orifice, which may be the only sign in case of occult or a subclinical Spigelian hernia. 
This may be attributed to the fact that reinforcing manoeuvres that increase intraab-
dominal pressure pushes out the preperitoneal fat or a hernial sac through the defect. 
Palpation of these structures against the inelastic margin of the hernial orifice and 
stimulation of stretch receptors located in the parietal peritoneum produce distinct 
point tenderness which is more of somatic pain in nature and hence is easily localised 
[35]. Although, not pathognomonic, this examination has high sensitivity and can 
help in screening patients with occult herniation. Sometimes, patients report extreme 
tactile hyperesthesia which is located just medial to the hernia defect. This is gener-
ally believed to be caused by mechanical irritation of the perforating branch of the 
corresponding intercostal nerve (Valleix phenomena) and this sign can aid in clinical 
diagnosis of a subclinical herniation [36]. For patients presenting with abdominal 
pain but no visible lump, radiological investigations like ultrasonogram and/or 
CT-scan of the abdomen can be of foremost importance. Furthermore, in cases where 
the diagnosis remains elusive even after radiological investigations, a diagnostic 
laparoscopy may be of help [28].

7. Diagnosis

These hernias are most commonly located in the interparietal plane with no  
visible or palpable mass as discussed above, and only 50% of cases could be  
diagnosed clinically before any surgical intervention [17]. Their tendency to  
masquerade other clinical conditions presenting with abdominal pain requires a 
high index of clinical suspicion.

The most common symptoms are mild pain aggravated by coughing, straining, 
exercising and being relieved by lying down. Although, occasionally a lump may be 
noted, the diagnosis is often missed unless the patient presents with partial bowel 
obstruction. The clinical examination alone is believed to be 100% sensitive with a 
PPV of 36% when compared with operative findings [35].

The diagnostic imaging mainly aims at identifying the hernia defect, sac and its 
content.

7.1 X-rays

It is a poor modality for diagnosing these hernias. It can neither aid in demonstrat-
ing the defect nor the content, especially the omentum or preperitoneal fat. However, 
in cases in which the sac contains a portion of the small or large bowel, barium studies 
can be of help. Besides, for diagnosing the complications of these hernias such as 
intestinal obstruction, a conventional x-ray can be used.

7.2 Ultrasonography (USG)

It is considered the investigation of choice and is usually the first-line imaging 
modality often used. It should be performed in patients presenting with obscure pain 
in the abdomen with or without a lump and is helpful both in clinical and subclinical 
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hernias. It helps in the identification of a hernia defect, sac, and its content. It has the 
additional advantage of providing real-time scanning images by changing the patient’s 
position and performing manoeuvres that increase the intraabdominal pressure and 
precipitates any fascial defects or herniation of fat or viscus.

Using a 3.5 MHz transducer, the examination is first performed with the patient 
in the supine position and the abdominal wall relaxed. A screening USG is performed 
for intraabdominal viscera to rule out any potential intraabdominal pathology as a 
cause of pain. Next a higher denomination transducer, typically 5 MHz is used for the 
parietal wall structures. Scanning is begun at the lateral end of the rectus muscle with 
parasagittal sweeps. This helps in visualising the rectus muscle. In longitudinal scans, 
echogenic strips can be visualised, the deepest of which is the parietal layer, more 
superficial are the layers of the ventral wall. The hernia defect is seen as a disruption 
of these echogenic strips (Figure 3). The visualisation of the defect and the interpa-
rietal location of the sac represent the typical Spigelian hernia with omentum as its 
content. In difficult cases, the patient may be instructed to increase intraabdominal 
pressure through Valsalva manoeuvre, which may demonstrate the fascial disrup-
tion, and herniation of preperitoneal fat or abdominal viscus. In correlation with the 
operative findings, a real-time USG scan is believed to have a sensitivity of 90% and 
PPV of 100% [35].

7.3 Computed Tomography (CT) scan

It is considered as effective as the USG for demonstration of the hernial orifice. 
Additionally, it provides better information of abdominal wall resistance. Overall, 

Figure 3. 
Dynamic USG of the abdominal wall showing a Spigelian hernial sac (1.6 cm) penetrating through the Spigelian 
fascia, seen here as a broken line in the muscle-fascial plane. The right rectus muscle is marked as “R” in yellow.
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the CT scan has a sensitivity and PPV of 100% each when compared with operative 
findings [35]. But, the USG is easier to perform, is a clinic procedure, is less expensive 
and can help in the dynamic analysis of the patient for which it is an excellent screen-
ing tool for the lesion. In cases where USG gives inadequate or equivocal information, 
a CT scan should be added.

7.4 Surgical exploration

On many occasions, the preoperative diagnosis may remain obscure until surgical 
exploration is performed. In a study by Weiss et al., approximately 50 percent of cases 
are diagnosed on exploration [37].

Therefore, for diagnosing Spigelian hernias, a dynamic USG and CT scan are 
useful when used in tandem with the clinical examination. In cases of uncertainty, 
diagnostic laparoscopy can be used in a symptomatic patient.

8. Differential diagnosis

Depending on its location, a Spigelian hernia may mimic intra-abdominal  
pathologies which can present with pain such as acute appendicitis, twisted ovarian 
cyst, tubo-ovarian pathologies, mesenteric lymphadenitis, biliary colic, peptic ulcer 
pain, pancreatic pain or mesenteric ischemia [35]. Many times one may confuse 
it with any other disease entity of the abdominal parietal wall too. If the hernia is 
palpable at the location of pain and if it is reducible, the diagnosis is easy. In instances 
when the lump is palpable in a typical location but not reducible, the differential 
diagnoses include hematoma of rectus abdominis muscle, lipoma, chronic abscess, 
lymphadenopathy, other ventral hernias, solid tumours of the abdominal wall such 
as a desmoid tumour [35]. In cases where it is not palpable and the patient presents 
with non-specific pain or if a mass is present in the ventral wall, which is irreducible, 
the first step is directed towards identifying the nature of the swelling by a dynamic 
USG. If a Spigelian hernia is suspected, the attempt should be made to localise the 
hernial orifice. USG can help in differentiating hematoma, abscess, lipoma or seroma. 
Myotendinitis of rectus abdominis or external oblique muscle can mimic the tender-
ness present in subclinical cases. In cases where the defect is not found, and diagnosis 
is obscured, patients should be worked up and investigated for gastrointestinal and 
genitourinary disorders. An abdominal CT scan reinforces the diagnosis or helps in 
excluding the differential diagnoses, particularly whether the pain arises from the 
intra-abdominal pathologies or from the parietal abdominal wall. It is important 
to keep in mind that in a difficult clinical situation where the diagnosis is elusive or 
when a subclinical Spigelian hernia is suspected, every effort should be made to rule 
out an intra-abdominal pathology first. In the pursuit of diagnosing a suspected 
Spigelian hernia, an important intra-abdominal pathology should not be missed.

9. Classification

Spigelian hernias are the subgroup of primary ventral hernias and the European Hernia 
Society (EHS) classification system is most commonly used for their classification [38]. 
However, Webber et al. (2017) have described three clinical stages which reflect the natural 
history of the condition and provide universality for their management (Table 1) [12].
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10. Treatment

Operative management of these hernias is advisable as the risk of strangulation 
or incarceration has been reported up to 25% [39]. Initially open anterior approach 
with primary closure of the defect or mesh placement in cases where primary closure 
was not possible was advised. With the technical progress of laparoscopy, its use in 
the diagnosis and repair of Spigelian hernias has made it the method of choice [40]. 
It provides the benefits of minimally invasive surgery like reduced post-operative 
pain, less chance of infection, shorter hospital stays, reduction in morbidity and 
better cosmesis. However, according to the recent EHS guidelines, it is suggested 
that Spigelian hernia should be repaired with mesh. The approach, either open or 
laparoscopic may depend on the surgeon’s expertise, because the strength of recom-
mendation is weak as limited comparative data is available [41]. A randomised trial 
comparing 11 conventional and 11 laparoscopic repairs in elective Spigelian hernia 
surgery revealed significant advantages for laparoscopic repair in terms of morbidity 
(wound complications) and hospital stay [42].

The most popular laparoscopic repairs are the Intraperitoneal Onlay Mesh 
(IPOM) technique (35%), Total Extraperitoneal Patch (TEP) approach (30%), 
Transabdominal Preperitoneal (TAPP) approach (22%), and laparoscopic sutur-
ing techniques [43, 44]. The TEP repair of Spigelian hernia offers the advantage of 
avoiding breach in the peritoneal layer as it accesses only through the preperitoneal 
space. Although, studies have failed to demonstrate the superiority of the extra-
peritoneal approach over intraperitoneal repair, the intraperitoneal laparoscopic 
Spigelian hernia repair is considered the gold standard because of its technical 
advantages [45].

11. Operative techniques

11.1 Conventional open approach

A transverse incision is placed over the lump and the external oblique is incised in 
its direction to expose the peritoneal sac which can simply be inverted (Figure 4). The 
hernia defect can be closed with sutures but in cases of larger defect, a mesh should be 
used which is placed either in preperitoneal space or above the fascia.

Stages Anatomy Clinical Feature Treatment

I Defect: <2 cm
Content: interstitial fat 
only with no peritoneal 
component

Intermittent, well-localised 
pain but no palpable swelling

Open surgery: they are not 
visible laparoscopically

II Defect: 2–5 cm
Content: peritoneal 
component present

Palpable swelling Laparoscopy/Open repair

III Defect: >5 cm Large hernia with distortion 
the of abdominal wall

Open repair

Table 1. 
Clinical stages of Spigelian hernia.
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11.2 Laparoscopic transabdominal preperitoneal repair (TAPP)

Once the hernial sac contents are reduced, the preperitoneal flap is raised and 
dissected for 5 cm around the hernial defect. The mesh is placed in the extraperito-
neal space and the peritoneal flap is closed. The TAPP provides the opportunity to 
explore the abdominal cavity, although a potential drawback may be the possibility of 
intraperitoneal adhesions after the surgery, the chances of which, however, are almost 
similar to that of other laparoscopic surgery. At times, difficulty in the closure of the 
peritoneal flap may be encountered because of the thin and fragile peritoneum in this 
location [45].

11.3 Laparoscopic total extraperitoneal repair (TEP)

The extraperitoneal space is created by open access and a balloon is used to create 
and enlarge the working space. The hernial sac is identified and closed. A large mesh 
is used to cover the hernia defect and is fixed to the abdominal wall. Although, this 
approach prevents access to the intraperitoneal cavity for inspection of any concomi-
tant pathology, it reduces the risk of adhesions [46] besides possible benefit to explore 
and treat the concomitant direct inguinal hernia [47]. TEP repair is expensive due to 
the price of balloon dissector, technically challenging with a longer learning curve 
[48] and can be used only if the hernia is located below the arcuate line [49].

11.4 Intraperitoneal onlay mesh repair (IPOM)

Intraperitoneal access is gained using either closed or open techniques. The hernial 
site is identified and port placement is done in the form of an arc or a circle with the 
centre at the defect site which should be at least 10 cm away. The contents are reduced 
and a coated mesh is fixed to obtain an overlap of at least 5 cm around the defect. It 
provides the opportunity to explore the abdominal cavity and therefore is helpful in 
emergency conditions with the incarcerated hernia [50, 51]. It is also believed to be 

Figure 4. 
Open surgical repair of a subclinical Spigelian hernia containing protrusion of preperitoneal fat only (sacless).
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the easiest to learn and safe to perform [52]. Nonetheless, the main limitation to this 
technique is the risk of hematoma formation and nerve entrapment after tack or sta-
pler application. The use of fibrin sealant in place of tacks provides the solution [53].

11.5 Robotic-assisted technique

The use of robotics on ventral wall hernias are easier due to a 360-degree rotation, 
camera use, surgical forceps and excellent visualisation of the defect. The placement 
of sutures also makes the procedure easier. The postoperative pain score reported is 
also lower [54]. Although, robotic-assisted Spigelian hernia surgery provides techni-
cal advantage and reliability, further studies with longer follow-ups are required for 
conclusive analysis [55].

Postoperative complications include seroma and hematoma formation, surgi-
cal site infection, abdominal viscera injury, mesh infection, and recurrence. 
Nerve entrapment during mesh-tacker placement can lead to abdominal pain 
syndromes [55].

12. Low Spigelian hernias

Spigelian aponeurosis extends caudally up to the pubic tubercle and is found 
medial to the inferior epigastric artery within the Hasselbach’s triangle. Hernias pen-
etrating the fascia transversalis here are conveniently called the low Spigelian hernias. 
These hernias usually contain preperitoneal fat but occasionally the bladder may also 
be involved.

Direct inguinal hernias are located at a similar triangle and may therefore cause 
diagnostic confusion. Differentiating these hernias from the direct inguinal hernia is 
important because the risk of incarceration is higher. Due to a small but well-defined 
hernia orifice, hernioplasty is easier to perform with a lesser chance of recurrence. 
Digital palpation with the little finger in the inguinal canal in standing position and 
Valsalva manoeuvre touches the first phalanx in case of low Spigelian hernia and 
the middle one in direct inguinal hernia. This technique has been proposed to dis-
tinguish between these two hernias, but can be uncomfortable and even painful for 
the patient. The diagnosis can be confirmed by radiological investigation and final 
assessment is best done intraoperatively [56]. Although, very rare, if both the hernias 
are found it is most likely due to weakness of Spigelian fascia around the insertion of 
rectus abdominis [45].

13. Subclinical Spigelian hernia: the great masquerader

The diagnosis of a small Spigelian hernia is extremely challenging, given its rarity 
combined with nonspecific pain symptoms. Secondly, often due to its intramural 
location, its detection by palpation can be extremely difficult. Therefore, a great deal 
of clinical intelligence is invested in its preoperative diagnosis and the ignorance of its 
existence can cumulate to catastrophic complications of strangulation. Often only a 
point tenderness corresponding to the site of the defect is the only finding on palpa-
tion of the abdominal wall after making the muscles taut [57]. These hernias are small 
and often may contain only the preperitoneal fat protrusion through the fascial defect 
(Figure 4), which is something similar to the sacless epigastric hernia. As mentioned 
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previously, only less than half of the cases are detected preoperatively. Therefore, 
patients presenting with non-specific pain in the abdomen should alert the astute 
clinician for the possibility of a Spigelian hernia. Once the diagnosis is established, 
treatment is elementary with surgery being the treatment of choice in symptomatic 
cases.

14. Conclusion

Spigelian hernias are notoriously difficult to diagnose. If these are visible and 
palpable, diagnosis is straight forward. But if the hernia is subclinical, it is difficult to 
diagnose, and only radiological investigations such as a dynamic USG or CT-scan of 
the abdomen wall can pick up the lesion. A strong clinical suspicion helps to diagnose 
the occult variety, which presents as non-specific abdominal pain, otherwise about 
50% remain undiagnosed until surgery. Due to the high risk of incarceration and 
strangulation, these hernias should be operated early. Open conventional surgery has 
been largely replaced by laparoscopic mesh hernioplasty.
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Laparoscopic Findings of Rare 
Pediatric Inguinal Hernias
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Abstract

Pediatric inguinal hernias are caused to the patency of the processus vaginalis 
(PPV). The principle for the repair of indirect inguinal hernias in children consists 
of complete ligation of the PPV. Laparoscopic percutaneous extraperitoneal closure 
(LPEC) has spread rapidly since it was reported by some groups from around 1998, 
and the number of institutions adopting this method as a standard procedure for 
pediatric inguinal hernia is increasing in Japan. Since the closure of PPV by laparo-
scopic surgery is popular, rare hernias in children can be observed from the abdomi-
nal cavity. We present the laparoscopic findings of rare pediatric inguinal hernias and 
report their experience.

Keywords: indirect inguinal hernia, direct hernia, femoral hernia, child, adult

1. Introduction

Most inguinal hernias in children are classified as indirect inguinal hernias. 
Laparoscopic percutaneous extraperitoneal closure (LPEC) repair for pediatric 
indirect inguinal hernia is a standard technique in our facilities [1, 2]. We experienced 
two rare cases of pediatric inguinal hernias and reported their laparoscopic findings.

2. Case reports

2.1 Case 1

A one-year-old boy was admitted to our hospital for the incarceration of right 
inguinal hernia several times. He underwent LPEC procedure as a right indirect 
inguinal hernia. Laparoscopic findings demonstrated that the hernia orifice was 
present in the medial inguinal fossa (Figure 1). We converted the open approach and 
performed to reinforce the posterior wall of the inguinal canal. After the hernia sac 
was opened and excised, the transversalis fascia and Cooper’s ligament were closed 
(McVay repair).
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2.2 Case 2

The patient was a seven-year-old girl. She was diagnosed with the right external 
inguinal hernia and planned for LPEC procedure. Based on laparoscopic findings, 
we misdiagnosed an internal inguinal hernia (Figure 2). Iliopubic tract repair was 
performed with an open approach. One month after the operation, recurrence of 
inguinal protrusion was observed, and ultrasonography demonstrated femoral hernia 
(Figure 3). Therefore, the laparoscopic examination was scheduled. Intra-abdominal 
findings showed that the hernia orifice appeared to be closed, but traction with 
forceps confirmed the presence of a femoral hernia sac (Figure 4).

Figure 1. 
Laparoscopic finding of right direct inguinal hernia. Hernia orifice presented medially to the external iliac vessels 
(arrowhead).

Figure 2. 
Laparoscopic finding of femoral hernia at first operation. Hernia orifice presented medially to the epigastric 
vessels and below the inguinal ligament (arrowhead).
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We expected that the second open approach would have strong adhesion, 
therefore, we chose laparoscopic surgery. The hernia sac with the adipose tissue was 
resected. The iliopubic tract and Cooper’s ligament were exposed and the femoral ring 
was closed (modified McVay repair).

3. Discussion

Direct inguinal hernia in children is quite rare. The incidence of direct inguinal 
hernias is as low as 0.2–1.2% of all pediatric inguinal hernias [3, 4]. Direct inguinal 
hernias seem to occur in males, and the affected side is on the right [4]. Fonkalsrud 
or other presumed the two or three etiologies of direct inguinal hernia: (1) attenua-
tion of transversalis fascia, (2) increased abdominal pressure, and (3) weakness of 
the internal inguinal ring due to the previous surgery for indirect inguinal hernia. 
Wright divides the direct hernia into five based on the findings from the inguinal 
region [5, 6].

Figure 3. 
Ultrasonography of femoral hernia at recurrence. Herniation was recognized caudally to inguinal region and 
medially to the epigastric vessels (circle).

Figure 4. 
Laparoscopic finding of femoral hernia at second operation. A hernia sac with fat was identified (arrowhead).
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The correct diagnosis rate of indirect inguinal hernia is 38% preoperatively, and 
diagnosis is often missed even during surgery [5]. Recently, the laparoscopic diagnosis 
seems to be a feasible choice in this rare condition. In our case, preoperative diagnosis 
is an indirect inguinal hernia, however laparoscopic findings demonstrated direct 
hernia during surgery.

The treatment of direct hernia is different in each facility. Some authors recom-
mend Bassini repair [4, 5], and some recommend McVay repair [6]. Laparoscopic 
closure of indirect hernia is described as an excellent technique for rare hernia. They 
use the vesical or umbilical ligament to close the direct defect [3, 7, 8]. However, 
laparoscopic treatment of pediatric inguinal indirect hernia is still controversial, and 
we performed McVay repair rather than laparoscopic closure to ensure posterior wall 
reinforcement.

Femoral hernia in children is less than 1% of all groin hernia [9–11]. Previous 
statements that femoral hernia is equally in males and females [12], and some authors 
indicated more frequently in boys than girls [13, 14]. A predominance of affected sides 
reported the right side, however, the cause is not understood [14, 15]. Regarding the 
etiology of femoral hernia, the most supported hypothesis was described by McVay 
and Savage [16]. They proposed that a congenital narrow insertion of the posterior 
inguinal wall onto Cooper’s ligament caused an enlargement of the femoral ring.

A femoral hernia is also often misdiagnosed as a direct hernia. The correct diag-
nosis rate of femoral hernia is 53% preoperatively [17]. Several authors recommended 
a meticulous physical examination in the inguinal area, and ultrasonography is 
especially useful to distinguish femoral hernia from indirect inguinal hernia [14, 18]. 
We misunderstood our case as an indirect inguinal hernia in the first operation. 
Reconfirming the physical examination, the orifice of hernia was slightly caudal posi-
tion and ultrasonography demonstrated femoral hernia. Pediatric hernias required a 
more accurate examination at the first visit.

The advantage of the laparoscopic technique in pediatric hernia includes the 
accurate diagnosis, minimal pain, and cosmesis. Although laparoscopic repair of 
femoral hernia was established in adults [19], most pediatric surgeons chose the open 
approach. In recent years, laparoscopic modified McVay technique reported in children 
[17, 20]. The laparoscopic approach was performed because of recurrent cases and the 
possibility of severe adhesion in our case. Laparoscopic closure required more operative 
time than an open approach. We consider the key to femoral repair is the closure of the 
hernia orifice without tension, following the resection of lipoma with the hernia sac.

4. Conclusions

Numerous pediatric surgeons have never seen rare hernias, however, in the lapa-
roscopic era, intraabdominal findings revealed more higher rate of rare hernias. Rare 
pediatric inguinal hernias are challenging to diagnose and treat. In our both cases, the 
laparoscope approach was useful for diagnosis, however, simple or modified laparo-
scopic closure is still controversial.
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Chapter 7

Transabdominal Preperitoneal 
(TAPP) Inguinal Hernia Repair
Giovambattista Caruso, Giuseppe Evola,  
Salvatore Antonio Maria Benfatto and Mariapia Gangemi

Abstract

The inguinal hernia repair is one of the most frequent surgical procedures:  
in the world, even year, at least 20.000.000 inguinal hernia repair procedures are 
performed. Although the laparoscopic approach is widely recognized as a valid treat-
ment for many diseases and some laparoscopic surgical procedures have become gold 
standard techniques (e. g. cholecystectomy, appendectomy, gastro-esophageal junc-
tion surgery), the minimally invasive approach for groin hernia treatment is still very 
controversial today, but in the last few years, it tends to become the standard practice 
for 1 day surgery. We present here the technique of laparoscopic Transabdominal 
Preperitoneal approach (TAPP). The surgical technique is described step-by-step, 
including surgical details and the new concept of “inverted Y” to achieve the “critical 
view of safety” for laparoscopic inguinal hernia repair.

Keywords: TAPP, inguinal hernia, minimally invasive surgery, transabdominal 
preperitoneal approach, laparoscopy

1. Introduction

Inguinal hernia repair is one of the most frequent surgical procedures performed 
around the world; around 20 million hernioplasties are done every year. However, 
although laparoscopic inguinal hernia repair was initiated more than 28 years ago, 
most hernioplasties are still performed with an open approach [1]. Although the 
laparoscopic approach is widely recognized as a valid treatment for many diseases 
and some laparoscopic surgical procedures have become gold standard techniques 
(e. g. cholecystectomy, appendectomy, gastro-esophageal junction surgery), the 
minimally invasive approach for groin hernia treatment is still very controversial 
today. The main pretexts are the higher costs, the use of general anesthesia and the 
possible higher rate of major complications associated with laparoscopic procedures. 
Another reticence related to laparoscopic approach is the greater surgical complexity 
linked to need to recognize a “new” anatomy of the posterior inguinal wall, which is 
still unusual for general surgeons. Much more the choice of laparoscopic approach 
(TransAbdominal PrePeritoneal (TAPP) versus Totally Extraperitoneal (TEP)) is also 
controversial [2]. We present herein the TAPP procedure focusing on tips and tricks 
for better outcomes [3].
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2. Anatomy

The abdominal wall is an uneven area with natural openings and areas of weak-
ness that can be the site of hernias formed by the externalization of a peritoneal sac 
that can contain viscera. The inguinal area has a complex anatomical entity, due to 
its configuration, it constitutes the passage of intra-abdominal elements toward the 
outside. This is the starting point for all hernias.

The inguinal area is the main weak point of the anterior abdominal wall and 
corresponds to the pectineus orifice, embryologically weakened by the passage of the 
spermatic cord in men (inguinal canal) and of the femoral vessels (femoral canal).

Perfect knowledge of the anatomy of the groin region is the key to treating hernias. 
Several works have been dedicated to this region with evidence of a natural parietal 
weakness. According to recent studies on the anatomy of the groin area, Fruchaud 
has confirmed that all inguinal hernias pass through a single parietal orifice called 
the myopectineal orifice delimited medially by rectus abdominis muscle, inferiorly 
by pectineum ligament, laterally by Psoas muscle and superiorly by Transversus 
Abdominis and Internal oblique muscle (Transverse arch). The inguinal ligament 
passes over this structure dividing it into two portions, the inguinal region above 
(crossed by the spermatic cord) and the crural region below (crossed by femoral 
vessels). It is internally covered by the transverse fascia only. Observed from inside 
the abdomen with the peritoneum intact, the lower part of the anterior abdominal 
wall is usually divided into three fossae, separated by the same number of folds or 
ligaments formed by different protruding structures. On the median line we identify 
the Urachus, also called median umbilical ligament. Lateral to the Urachus we find the 
lateral umbilical ligament, usually the most evident of the three folds. The ligament is 
a remnant of the umbilical artery, now obliterated, which leads from the iliac artery 
toward the navel. Finally, the outermost fold, corresponding to the inferior epigas-
tric vessels, is the least protruding. The most common classification of the inguinal 
hernias still uses these three folds as lanmarks. Indirect inguinal hernias are those that 
originate laterally to the epigastric vessels, direct inguinal hernias are those medial 
to them, and the supravesical hernias are those originate between the median and 
umbilical ligaments. Femoral hernias are located below this plane, below the iliopubic 
tract and through a space around the femoral sheath. On very rare occasions, obtura-
tor hernias are found, linked to a defect of the obturate membrane of the iliac bone. 
Through the intact parietal peritoneum, it is possible to recognize the round ligament 
in women and the vas deferens in men. Both proceed obliquely from the deep part 
of the pelvis upwards and from inside to the outside, to emerge from the abdomen 
through the internal inguinal orifice crossing the epigastric vessels. The transabdomi-
nal preperitoneal laparoscopic hernioplasty requires the preparation of a very large 
peritoneal flap. To do this, it is very important to know how to recognize and identify 
the extraperitoneal spaces of the pelvis. Medially, between the parietal peritoneum 
and the transversalis fascia, is the Retzius space, consisting of variable amount of 
adipose tissue. It is usually an avascular space except in the lower part where there are 
venous anastomoses between the epigastric, obturate and iliopubic vessels. Although 
the inguinal ligament is not visible, however, Cooper’s ligament is visible and palpable 
with laparoscopic instruments even in obese subjects. This important reference point 
is located 1 cm medial and inferior to the origin of the epigastric vessels [4].

In males, the spermatic vessels join an obtuse angle with the deferent conduct, and 
also exit through the internal inguinal orifice, to form outside it, with the the fasciae 
and muscular fibers enveloping it, the spermatic cord.
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The Inverted Y created with inferior epigastric vessels (superiorly), vas deferens 
(medially) and spermatic vessels (laterally) allows to better understand and recognize 
the anatomical structures.

Recognition of these elements, in fact, is the basis for understanding the technical 
steps for repairs all types of inguinal hernias by laparoscopy.

The inferior epigastric vessels separate the medial and lateral inguinal regions, 
permitting the classification of direct inguinal hernias (collapse of the transversalis 
fascia, medially to the epigastric vessels), and indirect (enlargement of deep inguinal 
ring, laterally to the epigastric vessels).

Another important anatomical landmark is the iliopubic tract, which represents 
the intra-abdominal view of the inguinal ligament. It extends from the anterosupe-
rior iliac crest to the pectineum (Cooper’s) ligament and separates the superior and 
inferior inguinal spaces. The upper portion is the point of onset of inguinal hernias 
(direct, indirect, mixed, supravesical). Femoral or crural hernias, as well as the 
obturators, originate in the lower portion of the inguinal space, below the iliopubic 
tract.

Identification of inverted Y elements and iliopubic tract, that passes horizontally 
through the deep inguinal ring at the center of the inverted Y, permit visualization of 
five areas (the Five Triangles) (Figure 1).

Disaster or Doom triangle, formed by vas deferens, medially, and spermatic vessels, 
laterally, it corresponds to the location of the external iliac vessels.

Pain triangle (or of the nerves), delimited, medially, by spermatic vessels and, 
laterally and superiorly, by iliopubic tract; it represents the passage of lateral cutane-
ous nerve of the thigh, femoral branch of the genitofemoral nerve and femoral nerve.

Triangle of Indirect hernias: correspond to the deep inguinal ring, the source of 
indirect hernias. It is formed by inferior epigastric vessels, medially, and by iliopubic 
tract inferiorly and laterally.

Figure 1. 
The Inverted Y and the Five Triangles.
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Hesselbach’s triangle or direct hernias: delimited medially by lateral border of the 
rectus abdominis muscle, laterally by the inferior epigastric vessels, inferiorly by the 
iliopubic tract. It is the site of occurrence of direct hernias.

Triangle of Femoral hernias: is not a true triangle but identifies the area corre-
sponding to the ostium of the femoral vein, delimited, at the top, by iliopubic tract, 
laterally by the external iliac vein, at the bottom by pectineum ligament and medially 
by the lacunar ligament.

This didactic way of posterior visualization of the miopectineal orifice, defining 
the inverted Y and the five triangles, facilitates the anatomical understanding of 
inguinocrural region and of all hernia defects that may occur [5].

3. Indications and contraindications

With very few exceptions the TAPP approach can be performed in theory for any 
hernia, even in strangulated or incarcerated cases; however, the indication depends 
on the surgeon’s clinical judgment and skills. The best indications according to Nyhus 
classification are:

• Type 3 and 4 hernias

• Bilateral hernias

• Hernias in obese patients

• Hernias in subjects with intense physical activity (sport, strenuous working)

• Recurrence of hernia after open repairs.

They are very few contraindications for these procedures, such as:

• Intolerance to capnoperitoneum (severe cardiopathies or severe pneumopathies)

• Extensive intra-abdominal adhesion

• Large scrotal hernia

• After radical prostatectomy

• Strangulated or perforated hernia with intercurrent sepsis

• Severe ascites

• Recurrence of hernia after laparoscopic repair

• Pediatric patients

• Pregnancy after the second trimester

• Severe clotting disorders
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4. Preoperative preparation

The patient has to be carefully prepared for the operation. The evaluation of 
comorbidities as well as an adequate skin preparation is mandatory. The patient has 
to be informed about the details of the surgical procedure and the possible negative 
outcomes, as the latest guidelines recommended [6].

4.1 Evaluation of the operative risk

Using ASA (American Society of Anesthetist) Score. From the point of view of 
comorbidities, there are no “absolute” contraindications for TAPP. The anticoagu-
lant oral therapy is replaced by low molecular weight heparins (LMWH) and the 
procedure is usually performed at least 12 hours after the last LMWH dose. The new 
anticoagulant oral drugs (e. g. Dabigatran etexilate - Pradaxa®; Apixaban - Eliquis®; 
Rivaroxaban - Xarelto®) is stopped and replaced by LMWH at least 5 days before the 
procedure. Clopidogrel or ticlopidine are stopped and replaced by aspirin 5 to 7 days 
before the procedure and higher doses of aspirin are reduced to 75 mg/day 3 to 7 days 
before the procedure [7].

4.2 Skin preparation

a preoperative antiseptic shower is performed on the eve of the intervention. The 
hair is removed, half an hour before the surgery, from middle thorax until the upper 
third of the things using an electric barber clipper. Alcohol based solutions (Iodine or 
Chlorexidine gluconate in case of iodine allergy) are used for skin preparation after 
anesthetic induction [8].

4.3 Urinary Catheter

Always empty the bladder to facilitate the dissection in the Retzius space and to 
avoid bladder injuries. In selected cases (e. g. bilateral hernia, recurrent hernia), a 
urinary catheter can be left throughout the surgery [6].

4.4 Patient and surgical team position

The patient is placed in the supine position, with both arms along the body and 
fixed to the operating table. At the start of the surgery a Trendelemburg position 
(15–20°) is given eith lateral inclination opposite to the hernial defect. The surgi-
cal team is organized with the surgery on the contralateral side to the hernia to be 
repaired and the camera operator is positioned on the same side, or in the side as the 
hernia. The scrub nurse stands in front of the surgeon near the patient’s feet. In case 
of bilateral inguinal hernioplasty, the surgical team switch positions when they have 
finished the first hernia (Figure 2). In case of bilateral hernioplasty it is preferable to 
use a column with two monitors; this is to avoid changing of the laparoscopic column 
between one side and the other [9].

4.5 Anesthesia

Although we have reported successful cases of laparoscopic inguinal hernioplasty 
under anesthesia with peridural blockade and sedation, as a general rule we prefer 
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general anesthesia for the patient, as muscle relaxation improves surgical maneuvers 
and, again, orotracheal intubation protects the airways from vomiting or regurgita-
tion favored by increased intra-abdominal pressure. The preoperative antibiotic 
prophylaxis (single dose of Cefazoline 2 g during anesthetic induction) is reserved 
in presence of high-risk factors for wound infection based on patient (recurrence, 
advanced age, immune deficiency) or surgical (forecast of long surgical intervention, 
use of drains) factors [10].

4.6 Laparoscopic instruments

Three trocars are necessary, one of 10 mm (optical) and two of 5 mm (for the 
instruments), as well as common laparoscopic instruments (monopolar scissor, 
monopolar hook, two atraumatic fenestrated graspers, needle holder, 5 mm Endo 
peanut, 5 mm disposable absorbable screw type stapler device) and “open surgery” 
instruments (two Kelly, two Halsted, Farabeuf retractors, scissors and Hegar needle 
holder). A bipolar grasper and a suction-irrigation device could be also necessary. 
Usually we use a 30° laparoscope, but a 0° is also feasible.

5. Surgical procedure

5.1 Pneumoperitoneum and trocar placement

Although many surgeons create pneumoperitoneum with Verres needle, we 
prefer an open technique, using a 10 mm Hasson trocar, through an upper horizontal 
paraumbilical incision. This incision gives us excellent esthetic results. Under direct 
vision, two additional 5 mm operating trocars are placed in each flank, in a horizontal 

Figure 2. 
Surgical team position.
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plane with the umbilicus. It must be remembered that a small number of patients 
present with a contralateral hernia although not diagnosed preoperatively. This 
trocars position is convenient for both unilateral and bilateral hernias (Figure 3).

5.2 Abdominal Exploration

The aim of the laparoscopic exploration is to identify the superficial anatomical land-
marks (Urachus, umbilical folds, epigastric vessels, spermatic vessels, vas deferens or 
uterine round ligament) and the site and type of hernia. The two “dangerous triangles”, 
vascular and pain triangles, must be correctly identified [2]. To perform the exploration 
and to ensure a good exposure of the inguinal region the position of the operating table 
is kept in 15° Trendelemburg with 15° lateral rotation to the side opposite the hernia 
(Figure 4).

5.3 Peritoneal incision

The TAPP procedure starts with peritoneal cut 2 cm above and 1 cm medial from 
the anterior superior iliac spine and continue horizontally, in medial direction to the 
lateral umbilical ligament (umbilical artery), then the incision continues vertically 
along the umbilical ligament, using the monopolar hook or scissors (Figure 5). This 
creates an “L” shape incision. After the first peritoneal cut, the CO2 peumoperito-
neum will enter into the preperitoneal space, facilitating the dissection [11].

5.4 Dissection of lower Peritoneal Flap

The aim of this step is to create a preperitoneal pocket to ensure the best position-
ing of the mesh. This step consists of three phases: 1) Medial dissection over the 
Retzius space, 2) Lateral dissection on the space of Bogros, 3) Central dissection over 
the site of the hernia and its hernial sac. We usually start with the medial dissection 
(Retzius space), dividing the conjunctive fibers in contact with the rectus abdominal 

Figure 3. 
Trocar’s position.
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muscle to avoid bladder injuries; this way the bladder is detached from the abdominal 
rectus muscles. The dissection is conducted to the pubis to expose Cooper’s ligament 
(Figures 6, 7), which we almost invariably find on dissecting 1 cm medial and 1 cm 
inferior to the origin of the deep epigastric vessels. Usually, in contact with the pubic 
bone there are several fine vessels originated from the corona mortis. We prefer to 

Figure 6. 
Medial dissection.

Figure 4. 
The intra-abdominal view.

Figure 5. 
Peritoneum incision.
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coagulate them to avoid further bleeding during the dissection or mesh stapling. The 
dissection is then conducted laterally on the space of Bogros, tractioning the perito-
neum in the medial direction, from the epigastric vessels until the spermatic vessels 
(Figure 8). The sac dissection is performed using traction contra-traction maneuvers 
and fine coagulation. To avoid the injuries of the ductus deferens and spermatic ves-
sels the sac dissection always starts anteriorly (Figures 9, 10). To facilitate dissection 
of the peritoneal flap, endo peanuts can be helped. When the hernia sac is very large, 
we prefer to cut and leave it in situ. This avoids the risk of involuntary injury to the 
elements of the spermatic cord, reducing the risk of ischemic orchitis, inguino-scrotal 
hematoma and/or testicular atrophy. However, the incidence of inguino-scrotal 
seroma or “pseudo-hydrocele” is higher when this maneuver is adopted. We always 
check for hernia lipoma as recommended in the literature [6]. It is necessary to extend 
the dissection caudally to the obturator fossa to identify eventual occult obturator 
hernia especially in women. The preperitoneal dissection ends when the anatomic 
landmarks previous described are well exposed and the two dangerous triangles 
(vascular and of the pain) can be identified (Figure 11). For large parietal defects, the 
transversalis fascia has to be inverted and stapled to the Cooper ligament. This simple 
maneuver seems to decrease the postoperative seroma rate [12].

5.5 Mesh placement

One of the most issues in the laparoscopic approach to inguinal hernioplasty is 
the need to use a prosthetic mesh to fully cover the hernial defect and all possible 
herniation sites in the area. The mesh should reach at least the pubic symphysis 
medially and the iliopsoas muscle laterally. Inferiorly it should reach 1–2 cm below 
the pubis and superiorly cover the anterior abdominal wall, exceeding the hernial 
defect by 3–4 cm. We usually use a large “anatomical pre-shaped” (12 x 15 cm) poly-
propylene mesh which is inserted from the optical trocar. The prosthesis is rolled up 
on its long side and grasping it with the grasper at the medial end is easily introduced 
through the Hasson into the abdomen. The medial end of the prosthesis is brought 
over the Cooper. The prosthesis is then unrolled and the medial head is anchored to 
the Cooper with the absorbable tacking staples, taking care not to injure the “corona 
mortis vessels” (Figure 12). This first tack facilitates further unrolling of the pros-
thesis and its placement in the preperitoneal pocket and fixation, with the absorb-
able tacking staples, on the upper and medial edge, as well as at the level of the iliac 

Figure 7. 
Medial dissection.
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spine (Figures 13, 14). Some alternatives to staple fixation are noted in the literature: 
the use of fibrin glue [13], the self-gripping mesh [14], trans parietal sutures [15], or, 
even, the recent no fixation technique [16]. For bilateral hernia we use two separate 
meshes covering the bilateral defects overlapping and stapled together on the median 
line; this technique is easier than the deployment of one single large mesh.

Figure 10. 
Sac dissection.

Figure 8. 
Lateral dissection.

Figure 9. 
Sac dissection.
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5.6 Drainage

Some authors emphasize the role of suction-draining in decreasing postoperative 
seroma and hematoma rates, as the release of carbon dioxide pressure is followed 
by bleeding from capillaries. We use 24 hours suction-drainage for selected cases: 
difficult dissection, anticoagulant or antiplatelet therapy, intraoperative hemorrage, 
partial hernial sac resection [17].

5.7 Peritoneal closure

Our routine is to close the peritoneal flap with the aid of helicoidal absorbable 
tacks. This maneuver is fast and cost-effective. Alternatively, we also close the flap 
with continuous suture (2–0 monofilament or 3–0 barbed suture) (Figure 15). Before 
start the peritoneal closure, we lower capnoperitoneum pressure to 8 mmHg to facili-
tate the approximation of the edges of the peritoneum under less tension [6, 11, 16].

5.8 Abdominal closure

After the careful examination of the peritoneal closure, the trocars are removed 
under laparoscopic control. The aponevrosis is closed at umbilical site with a purse 

Figure 11. 
Intraoperative inverted Y.

Figure 12. 
Mesh fixation to Cooper’s ligament.
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string suture with absorbable suture. The operative wounds are infiltrated with 
long-acting anesthetics (Levobupivacaine) for a better control of postoperative 
pain. Alternatively, the laparoscopic TAP Block can be used. The skin is closed using 
inverted fast absorbable sutures or staples.

Figure 14. 
Implanted mesh.

Figure 15. 
Peritoneum closure.

Figure 13. 
Lateral fixation of the mesh.
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5.9 Intraoperative complications

Intraoperative bleeding is one of the potential complications of TAPP. The injuries 
of the deep epigastric vessels, the testicular artery, the gonadal veins or the corona 
mortis can cause abundant bleeding which, if not controllable by laparoscopy, require 
immediate conversion to open. Obviously, the lesion of the iliac vessels requires an 
immediate conversion to laparotomy for vascular control and the relative repair of the 
damage.

6. Postoperative management

The immediate postoperative analgesic therapy consists in Paracetamol 1000 mg 
× 3/day and Ketoralac 30 mg IV × 2/day. The urinary catheter, if placed, is removed 
6 hours after surgery. As soon as the general conditions allow it, the patient is 
mobilized and invited to walk. The in-hospital stay is 24 hours (Day Surgery). A 
liquid diet is indicated 4 hours after surgery. We perform a routine thromboembolic 
disease prophylaxis with low molecular weight heparins (LMWH) therapy for 7 
days, for all the patients. We recommend using an ice pack over the repaired groin 
for the first 48 hours after surgery and maintaining the use of a hernia support 
tensor for 4–6 weeks. At home, patients continue taking oral analgesic as necessary 
(Paracetamol, Ketoprofen).

Light physical activity is recommended (walking, slowly climbing one or two 
flights of stairs) from the first day after surgery, regular physical activity (walks and 
resumption of work that does not require strenuous physical exertion) is allowed 
from day 7 or 10, and intense physical activity only from the fourth week after 
surgery.

In the consulting room, we examine the patients around 7 days after surgery, then 
1 month after surgery, and then every 6 months for long-term follow-up.

7. Postoperative complications

These include seromas, hematomas, postoperative chronic pain, infection of 
wounds, rejection or infection of the mesh, postoperative adherential syndrome, 
recurrences, testicular atrophy and infertility.

Seroma is the only complication more frequent in laparoscopic technique than in open 
repairs. While the rate of this complication is about 5.7% in the literature, we reported a 
5% rate. Only in voluminous seroma is recommended the aspiration or drainage.

Hematoma is less frequent in laparoscopic hernia repair than in open repairs, with 
a rate of about 8% and rarely requires drainage or transfusions. In hour experience, 
hematoma was reported in only 0,8% cases.

Chronic pain, defined as persistence of pain 3 months after the operation, is less 
frequent after TAPP and is related to tack stapled nerve damage. To date no cases of 
chronic pain in our experience.

The recurrence rate is described between 0.4 and 4.8% and correlates with the 
degree of experience of the surgeon. A significant and repeated increase in intra-
abdominal pressure appears to be the predisposing factor for relapses. In case of 
recurrence, guidelines recommend open repair, however, many experienced surgeons 
are able to treat relapses laparoscopically without any problems.
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8. Conclusion

TAPP is associated with a better immediate postoperative comfort, less chronic 
pain and numbness, less mesh infection, as well as a faster return to usual activities. 
Another advantage of the laparoscopic technique is the possibility of diagnose and to 
treat during the same operation the occult hernias. The disadvantages of laparoscopic 
procedures are longer learning curve with higher risk of complications during the first 
30–50 procedures and higher direct costs (general anesthesia, laparoscopic equip-
ment, staples); this costs can be recuperated decreasing the indirect costs: shorter 
hospital stay and faster return to work.
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Abstract

The obturator hernia is a rare pelvic hernia that often presents with symptoms 
of bowel obstruction. Obturator hernia corresponds to 0.5–1.4% of all abdominal 
hernias. Entrapment of an intestinal segment within the obturator orifice, most often 
the ileum, less frequently Meckel’s diverticulum or omentum, can cause intestinal 
obstruction. The non-specific presenting symptoms make the diagnosis of this condi-
tion often unclear. Females are 6–9 times more likely than men to be subject to the 
pathology, mostly occurring in a multiparous, emaciated, elderly woman so it is also 
called “the little old lady’s hernia.” Risk factors such as chronic constipation, chronic 
obstructive pulmonary disease, ascites, kyphoscoliosis, and multiparty, can predis-
pose patients to herniation. A sign of inconstant presentation may be the presence of 
a palpable mass or pain radiating from the inner thigh and knee—known as Howship–
Romberg sign—but it could be misleading when confused with symptoms of gon-
arthrosis or lumbar vertebral disc pathology. CT scan of the abdomen and pelvis has 
been found to be the gold standard for preoperative diagnosis because of its superior 
sensitivity and accuracy with respect to other radiological exams. The only possible 
treatment for this pathology is surgery, and management depends on early diagnosis.

Keywords: obturator hernia, old’s lady hernia, bowel occlusion, laparoscopy,  
Howship–Romberg sign

1. Introduction

1.1 Anatomy and embryogenesis

An obturator hernia (OH) is the protrusion of either an intraperitoneal or an 
extraperitoneal organ or tissue through the obturator canal [1]. The development of 
ossification of the ischium and pubis occurs between the 4th and 5th months of gesta-
tion, so perhaps it can be assumed that potential bone formation to fill the obturator 
foramen stops during this period. For anatomical purposes, the obturator foramen 
is a lacuna, and the obturator canal is the true foramen [2]. The obturator hole is an 
orifice located in the lower half of the iliac bone, below the acetabulum, limited by 
the pubis and the ischium (Figure 1). This orifice is almost completely blocked by the 
obturator membrane, a fibrous membrane in continuity with the periosteum of the 
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margins of the foramen itself. This membrane consists of two layers and is covered 
by the internal and external obturator muscles that latch on it and the bone margin 
(Figure 2) [2].

The obturator membrane does not cover the entire foramen: upwards it leaves a 
passage between its upper edge and the lower border of the horizontal branch of the 
pubis. This path is the obturator canal: an osteo-fibrous duct 2–3 cm long, directed 
obliquely from the inside out, which connects the pelvic cavity with the pre-obturator 
space of the thigh, between the external obturator muscle dorsally and muscles long 
adductor, comb, ileo-psoas ventrally. Its upper wall is the lower face of the horizontal 
branch of the pubis and as a floor, the obturator membrane, reinforced by an internal 
ligament. The canal is crossed by the obturator artery, vein and nerve. The obtura-
tor canal inwards is closed by the peritoneum, which may have a dimple at this level 
(obturator dimple) (Figure 1), enough to explain the possibility of obturator hernias, 
which occur in the upper part of the inner thigh region [5]. The canal offers a passage 
to the obturator peduncle, where the nerve is located above the artery and vein, and 
which contains a portion of adipose tissue. The obturator nerve, originating from 
L2, L3 and L4, divides into two branches at the emergence of the obturator canal. 
The ventral branch innervates the pectinate and the adductors muscles and supplies 
sensory branches to the medial face of the thigh; the dorsal branch also innervates the 

Figure 1. 
Endopelvic view of the obturatory canal. 1: superficial epigastric vessels; 2: anastomosis between epigastric and 
obturator vessels; 3: obturator foramen; 4: ileo-psoas muscle; 5: obturator nerve; 6: obturator vessels; 7: internal 
obturator muscle. with permission from Ref. [3].
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adductors and ends at the knee joint level. This anatomical arrangement explains the 
Howship–Romberg sign: in case of compression of the obturator nerve by a strangu-
lated hernia, it occurs obturator neuralgia exacerbated by extension, abduction and 
internal rotation of the thigh, resolved by flexion [6].

The obturator artery originates from the internal iliac artery and it is divided into 
two branches, medial and lateral, forming a circle around the perimeter of the obtura-
tor foramen, in the thickness of its musculoaponeurotic operculum.

There is an anastomosis between the obturator artery and inferior or superficial 
epigastric artery which crosses the horizontal branch of the pubis. There may be an 
aberrant obturator artery that can originate from the superficial epigastric artery 
or the external iliac artery. These arteries are accompanied by satellite veins. This 
vascular circle has been called “corona mortis”, due to the high risk of bleeding. An 
anatomic variant has also been reported in which a pubic branch of the epigastric 
artery descending into the obturator foramen can replace the obturator artery, and a 
larger pubic vein draining into the iliac vein may replace the obturator vein.

2. Etiology

Arnaud de Ronsil in 1724 first described the obturator hernia, and then Henry 
Obre first successfully repaired it in 1851 [7].

Three anatomic stages in the formation of obturator hernia have been described. 
The first stage is the entrance of the pre-peritoneal fat tissue into the pelvic orifice of 
the obturator canal, forming a pilot fat plug. During the second stage, a peritoneal 
dimple develops through the canal and progresses to the formation of a peritoneal sac. 
The third stage consists of the onset of symptoms resulting from the herniation of the 
viscera into this sac [7, 8]. The formation of obturator hernia is favored by weight loss 
which involves the disappearance of the adipose tissue at the level of the obturator 
canal. This hernia is mainly formed in the elderly and thin women. In the beginning, 
the penetration of the extra-peritoneal tissue into the sub-pubic canal, then there is 
the formation of a dimple at the level of the peritoneum that covers it. Finally, a sac 
is formed with the risk of intestinal loops being inserted and their throttling due to 
the stiffness of the margins of the orifice. The sac can externalize directly through the 

Figure 2. 
In vivo anatomy of the right obturator foramen. (with permission from Ref. [4]).
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exopelvic orifice of the canal, between the external obturator and pectineus muscles. 
However, it can also pass through the external obturator muscle or even fit between 
the two obturator muscles. The contents of the sac are usually the small intestine, 
more seldom an annex or ovary, bladder, appendix or epiploon. The narrowness of 
the orifice favors strangulation.

3. Clinical presentation

Obturator hernia is a rare pelvic hernia, accounting for the 0.5–1.4% of all hernias 
(Table 1) [9] that frequently causes bowel obstruction; the hernia passes through the 
obturator canal, bounded above by the obturator groove of the pubic bone, and below 
by the obturator membrane (Figures 3 and 4). The obturator canal is usually filled 
with fat and allows no space for hernia [3]. The fat disappears in patients who have 
had massive weight loss or are very thin indeed it is observed in elderly emaciated 
and multiparous women, so it’s also called “little old’s lady hernia” [10]. Right-sided 
OH is commoner than the left in the ratio of 2:1, as the left obturator foramen may be 
covered by the sigmoid colon [11], although an incidence of 6% bilateral hernias have 
been reported [12]. The hernia sac usually contains small bowel, rarely appendix, 
colon, Meckel diverticulum, or omentum [13]. A prompt diagnosis and treatment 
could avoid complications such as necrosis of the intestine that increases morbidity 
and mortality. Signs such as Howship–Romberg and Hannington–Kiff are aspecific 
and they should be associated with a CT-scan which is clearly the choice radiological 
exam. Symptoms such as the pain radiating from the inner parts of the thigh, the 
knee, or the hip could be confused with the dorso-lumbar intervertebral disc pathol-
ogy or gonarthrosis [14, 15].

Obturator hernia poses a diagnostic challenge and the signs and symptoms are 
often aspecific, which makes a preoperative diagnosis difficult. Obturator hernia 
should be included in the differential diagnosis of intestinal obstruction of unknown 
origin, especially in emaciated elderly women with chronic disease. The almost 
exclusive incidence of obturatory hernia in women can be explained by the greater 
extension of the obturator foramen and from the different obliquity of the pelvis 
that exposes it to a direct action of abdominal pressure in women. More frequent 
symptoms are due to an intestinal obstruction like abdominal pain, distension, 
nausea, vomiting and constipation [16]. They may also have recurrent attacks of 
intestinal obstruction in the past with or without a palpable mass in the groin. On 

Hernia type Percentage of presentation

Inguinal 75%

Incisional 10–15%

Femural 5–10%

Umbilical —

Spigelian (at linea semilunaris) —

Epigastric (linea alba) —

Obturator 0.5–1.6%

Table 1. 
The frequency of presentation in the general population of the types of abdominal wall hernia.
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physical examination, it may be evident the Howship–Romberg sign: in case of 
compression of the obturatory nerve by a strangulated hernia, it occurs an obturator 
neuralgia exacerbated by extension, abduction and internal rotation of the thigh, 

Figure 3. 
Depiction of strangulated obturator hernia. (with permission from Ref. [3]).

Figure 4. 
Intraoperative findings: the small intestine is incarcerated in the obturator foramen. (with the permission from 
Ref. [4].
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resolved by flexion. It is considered pathognomonic and presents in 15–50% of cases. 
The Hannington–Kiff sign (absent adductor reflex and an intact patellar reflex) is 
reported as more specific [17]. It would be necessary to perform a computed tomog-
raphy (CT) to make a diagnosis. The CT has an accuracy of 90% [18]. An emergency 
exploratory laparotomy is fundamental in patients presenting with an acute abdomen.

4. Diagnosis

Abdominal plain radiograph shows aspecific signs of intestinal obstruction and 
very rarely may show a gas shadow in the area of obturator foramen, therefore, it is 
not an informative exam [19].

Herniography with the intraperitoneal injection of contrast material under local 
anesthesia was reported to be useful for demonstrating the hernial sac but it is not 
a reproducible examination in emergency conditions because it can be done only in 
elective cases [20].

Ultrasonography (US) is a noninvasive, cheap, and easily available diagnostic 
tool that can be used to diagnose OH accurately, especially in the emergency setup 
when patients present with the acute abdomen of uncertain cause, hence allow-
ing early operative treatment. Using a high-frequency probe, the examiner could 
detect a hypoechoic mass corresponding to the dilated and edematous segment of 
the intestine posterior to the pectineus muscle [21]. The major advantages of US 
are that it is a non-invasive and allows for comparison with the asymptomatic side. 
Limiting factors are dependence on examiner experience (who may at times miss the 
diagnosis by not scanning the femoral region or may not recognize the hernia as it is 
small and found deep within the pelvic musculature) and the relatively long learn-
ing curve. Also, too much pressure on the transducer can reduce the sensitivity of 
detection of hernias [22].

Barium enema fluoroscopy can demonstrate a hank of intestinal loops but is very 
time-consuming and not feasible in cases of acute abdomen. Also, retained barium 
in the bowel loop may increase the risk of subsequent complications, hence it is not 
routinely advocated [23].

Magnetic resonance is a comparable method to CT scan for diagnosis but is not 
always available in urgency or in most cases of obturator hernia presentation [24].

Figure 5. 
CT scan, coronal: the arrow identifies the right obturator hernia sac; the small intestine is dilated. (with 
permission from Ref. [4].
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CT scan (Figure 5) is more sensitive and specific, showing a mass-like lesion 
between the obturator externus and pectineus muscles (Figure 6), it is useful to 
shorten the lapse of time from presentation to appropriate diagnosis and spontane-
ously subjecting a patient to definitive surgery, and thus also giving a choice in the 
surgical approach required [14].

5. Treatment

Once the diagnosis is obtained or in the diagnostic suspicion of obturator hernia, 
therapy is exclusively surgical: in the presence of signs of intestinal obstruction or incar-
ceration, surgical exploration is mandatory. The manual reduction of an incarcerated 
obturator hernia has been described in cases of patients considered unfit for surgery, but 
two aspects must be considered: the early recurrence and the impossibility to explore 
the incarcerated viscera in case of possible evolution to gangrene or bowel infarction. If 
the incarcerated obturator hernia is not treated, it can be fatal and in any case, should 
always be repaired both in case of urgency and in case of non-acute symptomatology 
attributable to the hernia; it should be remembered that symptoms may persist and then 
result in incarceration. The current trend is to repair the obturatory foramen with the 
use of prostheses primarily made of polypropylene; however, if the orifice is less than 
1 cm, the approach could also consist of direct repair. Currently, there is no consensus 
on the repair technique but it is all based on the surgeon’s experience and preference. 
The different feasible surgical approaches are intraabdominal, inguinal extraperitoneal, 
obturator or crural, Cheatle–Henry retropubic and laparoscopic approach [24–27].

5.1 Intra-abdominal approach

In an emergency set-up usually, a midline incision by laparotomy is required to 
allow a wider exposure of the obturator ring, the pelvic floor and the lower abdomen, 

Figure 6. 
CT scan transverse section. (with permission from Ref. [4]).
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especially in the case of gangrenous bowel resection. Uncoiling the bowel discov-
ers the dilated tract at the border with the strangulated one, usually with a lateral 
clamping: it is necessary to gently pull the bowel to reduce it in the abdomen avoiding 
rupture that would lead to septic contamination. The bowel is treated as in all cases 
of strangulation, preserving or resecting it depending on the degree of intestinal wall 
perfusion. Suturing the small orifice can be done with several techniques: simple 
direct closure with several stitches, two layers closure of peritoneum (Figure 7). For 
large defect: patching and plugging the canal with rib cartilage, peritoneal patch, 
periosteal patch, pectineal or adductor longus muscle flap with external oblique 
aponeurosis, greater omentum, round ligament, uterine fundus, ovary, urinary 
bladder wall, ox fascia, tantalum gauze, teflon cloth, marlex mesh, oxidized cellulose 
gauze (oxycel), polytetrafluoroethylene (PTFE), polypropylene mesh, Kugel patch, 
permacol patch plug [19] of mersilene, rolled up marlex mesh as a “cigar roll” plug 
and titanium alloy staples without mesh [24–28].

5.2 Laparoscopic approach

The laparoscopic approach, both–trans-abdominal pre-peritoneal (TAPP) or total 
extraperitoneal (TEP) [29], is feasible in expert settings: the position of the trocars, 

Figure 7. 
Trocars placement in obturator hernia laparoscopic repair.
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patient and operators is similar to that of the TAPP and TEP repair for inguinal hernia 
(Figure 8) [30–32]. Placement of a double-layer prosthesis is not recommended in the 
same manner as in abdominal wall hernias because the peripheral anchorage is not 
safe due to the presence of vascular and nerve structures. It is necessary to proceed 
as in TAPP repair for inguinal hernia: the peritoneum is dissected above the inguinal 
dimples, the dissection is conducted lower than the orifice of the obturator canal, 
the sac is reduced in the abdomen, and the prosthesis is placed in the extraperito-
neal space with an overlap of at least 3–4 cm. The peritoneum is sutured above the 
prosthesis.

5.3 Inguinal approach

The procedure is similar to the Stoppa inguinal hernia repair. Through a median 
or Pfannenstiel incision, the Retzius’ space is dissected, posterior to the pubic 
symphysis, the dissection is extended laterally to the antero-superior iliac spine. The 
peritoneum is detached from the anterior abdominal wall and the epigastric ves-
sels are left attached. Once the sac is reduced in the abdomen, it is possible to place 
a large prosthesis covering the inguinal, femoral and obturator region attached to 
the transverse and rectus abdominis muscles medially and on the pubic symphysis 
inferiorly.

5.4 Femoral approach

A 10-cm vertical incision is made on the medial margin of the femoral triangle 
medial to the femoral vessels and adductor muscles, passed by blunt dissection between 
the pectinate and middle adductor muscles. The sac can be resected and the orifice 
closed with a plug or direct suture. This approach is not the recommended one [3].

Other possible approaches can be performed via combined abdomino-crural, 
cruro-obturator, inguino-obturator, subcrural intraperitoneal [33–35]. The obturator 
dimple can be repaired using a direct suture (Figure 9), with a recurrence rate lower 
than 3%, or use a resorbable mesh or plug [36, 37]. Patches of peritoneum or omen-
tum may be used in cases of small orifices [38, 39].

Figure 8. 
The obturator orifice (A) is repaired with direct intra-abdominal suture (B). (with permission from Ref. [3]).
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6. Conclusion

Due to its rarity of presentation obturator hernia presents a diagnostic challenge and 
should be included in the differential diagnosis of intestinal obstruction of unknown 
origin, especially in emaciated elderly women with chronic disease; a prompt suspect 
based on aspecific symptoms is crucial for the diagnosis. CT scan has a major sensitivity 
than other radiological exams. Late diagnosis of obturator hernia can lead to ischemia 
and bowel necrosis with bowel perforation and then localized or generalized peritonitis 
as a life-threatening condition. Postoperative complications have been reported in 
11.6% of patients as pneumonia, sepsis, wound infection [40, 41] and mesh migra-
tion which may be prevented with metal anchors [42, 43]. The resultant morbidity 
and mortality rates are around 38% and 12–70%, respectively. Surgical management 
depends on early diagnosis and it is the only possible treatment for this pathology [4].
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Chapter 9

Hybrid: Evolving Techniques  
in Laparoscopic Ventral Hernia 
Mesh Repair
Wasim Dar, Uday Muddebihal and Uliargoli Vasudeva Rao

Abstract

Laparoscopic repair is now the treatment of choice for most cases of ventral/
incisional hernia. It is superior to open repair. Although the technique has undergone 
many refinements, there is no standard technique for difficult or complicated hernias. 
In cases with difficult hernias, combined open/laparoscopic hybrid techniques to 
avoid dissection of large subcutaneous flaps benefit the patients. It has been reported 
that hybrid methods are effective for treating cases of ventral hernias involving a large 
orifice. The techniques used and proposed by us are - (1) laparoscopic adhesiolysis, 
open sac excision with closure of defect and laparoscopic mesh placement, (2) lapa-
roscopic adhesiolysis, omphalectomy with closure of defect and laparoscopic mesh 
placement and (3) open adhesiolysis, sac excision with closure of defect and laparo-
scopic mesh placement Laparoscopic Ventral Hernia Hybrid Mesh Repair (LVHHMR) 
is safe and feasible approach for complicated/difficult ventral hernias.

Keywords: composite mesh, hybrid techniques, laparoscopic ventral hernia mesh 
repair

1. Introduction

Hernia is the protrusion of viscus or part of viscus through a weakness/defect in 
anterior abdominal wall. It can be seen in all age groups and in either of the sexes. It is 
a common surgical condition.

The surgical description and treatments of hernia dates to most of the ancient 
civilisations. One of the earliest documentations appeared in 1500 BC in Epytian 
papyrus of Ebers. The repair of hernia went through many changes during 15th to 
20th centuries. Surgical meshes for repair of hernias have been used since 1891.

In 1979, P. Fletcher performed the first laparoscopic hernia surgery.
Laparoscopic ventral hernia repair is superior to open technique and now a first 

option for most of the cases [1]. Over the past four decades this procedure has under-
gone many changes, however, there is no gold standard technique for difficult or 
complicated hernias.

There are lots of debate and research going on to standardize the technique of 
laparoscopic ventral hernia repair, including the ideal mesh, closure of defect and 
fixation methods [2].
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One of the areas of non-consensus, over the period was regarding the closure 
of the defect. Many centers did not close the hernia defect, but directly placed a 
mesh and fixed it. However, now there is huge data available to support the fact that 
primary closure of the hernial defect allows better reinforcement of the wall and by 
reducing the dead space, it decreases the chances of seroma formation [3].

It is challenging to deal with difficult hernias, and hence patient undergoes con-
ventional open repair with dissection of large subcutaneous flaps and post-operative 
morbidity. Recent studies have shown that hybrid techniques involving both open and 
laparoscopic methods benefit the patients [4]. It’s been reported that Hybrid methods 
are effective for treating cases of ventral hernias involving a large orifice [5].

2. Types of hernia

A. Based on the cause

a. Congenital – birth defects

b. Acquired - develop later in life

B. Based on the site [6]–

1. Groin hernias

a. Inguinal hernias – (70–75% of all abdominal hernias) Abdominal contents 
protrude into the groin through the inguinal canal.

b. Femoral hernias – (6–18% of all abdominal hernias) Abdominal contents 
protrude into the groin through the femoral triangle

2. Ventral hernias – These hernias can be

a. Umbilical

b. Paraumbilical

c. Epigastric

d. Spigelian

e. Incisional

3. Hiatus hernia – A part of stomach or intestine protrude into the chest via the 
diaphragm

C. Based on clinical presentation

1. Reducible

2. Irreducible
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3. Obstructed

4. Strangulated

3. Ventral hernias

The most common types of ventral hernias are umbilical, paraumbilical and 
incisional hernias. The acquired risk factors for such hernias are – Chronic cough, 
constipation, heavy weightlifting, trauma, obesity, pregnancy, and prior surgery.

Clinical diagnosis is made by proper history of lump, duration, pain, reducibility, 
and obstruction. Including, complete physical examination involving all hernial 
orifices, cough impulse and tenderness. Imaging such as Ultrasound, CT and MRI are 
done to confirm the clinical diagnosis and to know the features of hernia such as site, 
size, number, and contents.

4. Treatment

A hernia does not go away without surgery. The closure of hernial defect with the 
use of mesh has been widely accepted.

Techniques of ventral hernia repair

A. Open technique

B. Laparoscopic technique (LVHR)

C. Hybrid techniques (LVHHMR)

In most of the patients with small hernial defects and uncomplicated clinical pre-
sentation, laparoscopic approach for repair and mesh placement is now the preferred 
method of management [7, 8].

Open approach for large, multiple defects and complicated hernias is used and 
accepted. The morbidity associated with open repair are dissection of large subcu-
taneous flaps, multiple drain placements, delayed post-operative recovery, more 
chances of infection and recurrence [9]. To avoid such complications a combination 
of laparoscopic and open techniques is being reported.

It has been established that to avoid seroma formation and recurrence of hernia, 
the defect must be closed [10]. Patients that undergo laparoscopic hernia mesh 
have comparatively lesser complications like decreased operative time, no drains, 
decreased post-operative pain, early discharge and getting back to work. Avoids 
complications of open repair [11, 12].

In hybrid technique, various combinations of steps of open and laparoscopic 
hernia repair are used. The basic principle involves hernia sac excision, closure of all 
the defects and removal of necrotic skin (if applicable). Here a composite mesh is 
always used laparoscopically.

Research show that the hybrid technique, when used in recurrent difficult incisional 
hernias is safe [13]. Some reports also suggest that hybrid techniques should be used in 
hernia with difficult defects, hernias with necrotic skin, irreducible hernias, obese patients 
with difficult incisional hernias, lateral incisional hernias [14] and parastomal hernias [15].
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5. How we do it?

We have been doing Laparoscopic Ventral Hernia Hybrid Technique Mesh Repair 
(LVHHMR) since 2014.

All patients presenting with complicated ventral hernia of defect diameter of 
up to 8 cms and fit for surgery undergo LVHHMR. The common complications that 
the patients present with are, large defects, obstructed hernia with bowel contents, 
irreducible hernia with necrotic umbilical skin and multiple defects.

Patients unfit for general anesthesia, BMI > 35 kg/m2, hernia defects more 
than 8 cms, pregnancy and contaminated abdominal cavity do not undergo such 
repair.

The routine clinical diagnosis supported with abdominal ultrasound is done in all the 
patients. Pre anesthesia evaluation and informed written consent is taken before the sur-
gery. Standardized procedure, involving patient in supine position and general anesthesia 
with endotracheal intubation is done in all the patients.

Palmers point approach is used to create pneumoperitoneum (2 cms below left 
subcostal margin in mid-clavicular line) [16]. Alternatively, optical port entry is also 
used in some patients.

Under vision two further ports are introduced, one 10 mm port in epigastric 
region (for 30o laparoscope) and another 5 mm port in the right flank at the level of 
umbilicus. Alternatively, all the three ports are placed in the left flank.

6. The LVHHMR techniques include

1. Laparoscopic adhesiolysis, open sac excision with closure of defect and a laparo-
scopic mesh placement

2. Laparoscopic adhesiolysis, omphalectomy with closure of defect and laparoscop-
ic mesh placement.

3. Open adhesiolysis, sac excision with closure of defect and laparoscopic  
mesh placement.

4. Laparoscopic adhesiolysis, open sac excision with closure of defect and a  
laparoscopic mesh placement –

Used in patients with large hernial sac. Harmonic shears or Bi-polar is used for 
laparoscopic adhesiolysis. Contents of hernia sac are reduced. A small circum-umbil-
ical incision is taken, and complete hernia sac is excised. Closure of the defect with 
interrupted prolene sutures and skin closed.

1. Laparoscopic adhesiolysis, omphalectomy with closure of defect and laparoscopic 
mesh placement –

This is done in patients with large sac, multiple defects, and necrotic umbilical 
skin. Laparoscopic adhesiolysis is done and contents reduced. Abdomen desufflated 
and omphalectomy is done. Hernia sac is then excised, and the defect closed with 
interrupted prolene sutures and skin closed.
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2. Open adhesiolysis, sac excision with closure of defect and laparoscopic mesh 
placement –

This is done in patients with large hernia sac, small defect, and obstructed bowel. 
Diagnostic laparoscopy is performed. Abdomen desufflated and infra umbilical inci-
sion is taken. Open adhesiolysis is done. Hernia sac is excised, and the defect is closed 
with interrupted prolene sutures and skin closed.

7. Meshes used

In laparoscopic and hybrid procedures the mesh is placed intraabdominally, and 
in direct contact with bowel and omentum. The accepted meshes are composite with 
partial absorbable properties and with collagen layers. The mesh sizes used are 15 x 15 
cms circular (20), 15 x 20 rectangular (25) and 20 x 20 cms circular (30). The size of 
the mesh must overlap the defect from all sides by 4–5 cms.

8. Mesh fixations

Prefixed sutures on the mesh are used to lift it up on the anterior abdominal 
wall. Trans fascial sutures along with absorbable tackers are used to anchor the 
mesh. Alternatively, in light weight meshes and in patients with BMI less than 30, 
only tackers are used to fix the mesh. There is consensus in method of using tackers 
to fix the mesh. Circumferential row of tackers at extreme periphery of the mesh 
and another around the margins of the hernia defect. This technique is called the 
double crown technique [17] and emphasis is given to the distance between each 
tack (about 2–3 cms).

9. Literature

Our study (Hybrid: Evolving techniques in laparoscopic ventral hernia mesh 
repair) published in journal of minimal access surgery July 2020, has similar results as 
compared to that of literature [18]. We have demonstrated various hybrid techniques 
and their post-operative outcome.

10. Conclusion

Laparoscopic Ventral Hernia Hybrid Technique Mesh Repair (LVHHMR) is safe 
and feasible approach for complicated/difficult ventral hernias. However, further 
larger studies are required to establish these methods as gold standard.
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Chapter 10

Robotic Complex Abdominal Wall 
Reconstruction: The Evolution of 
Component Separation
Rodolfo J. Oviedo, Jeffrey Hodges, Joseph Nguyen-Lee, 
David Detz, Mary Oh, João Bombardelli, Anuj Shah, 
Atteeba Manzar and Alessandro Martinino

Abstract

From the first description of the component separation technique in the literature 
at the end of the twentieth century to the current state of complex abdominal wall 
reconstruction, this rapidly evolving field of General Surgery has advanced at an 
accelerated pace. With the advancement of technological breakthroughs that stem 
from the original open technique, endoscopic, laparoscopic, and more recently 
robotic approaches have been developed to facilitate complex abdominal wall recon-
struction to restore the body’s anatomy and physiology to functional levels. This 
chapter will give an overview of the historic progression of these advanced techniques 
and will illustrate the key steps for their safe and effective performance including the 
endoscopic external oblique anterior release as well as posterior release techniques 
such as the robotic transversus abdominis release (TAR). Finally, other useful varia-
tions of complex repair such as the robotic extended totally extraperitoneal (eTEP) 
approach will be described.
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1. Introduction

The history of component separation starts at the beginning of the twentieth  
century, after the advent of general anesthesia in 1846. Thanks to the combined 
efforts and lessons learned from Charles Gibson, C.F. Dixon, and Donald Young, 
eventually Oscar Ramirez was able to describe his technique of abdominal fascial 
release and popularize the modern “component separation” technique.

Early efforts at primary closure of incisional hernias were prone to failure because 
of poor suture materials, inadequate prostheses, and most importantly, the tension 
on the repair. It was at the beginning of the twentieth century that Gibson described a 
method for “plastic repair of the abdominal wall” that involved relaxing incisions on 
the lateral anterior rectus sheath.



Hernia Surgery

116

In 1929, Dixon modified Gibson’s method and instead released the anterior rectus 
sheath 0.5 cm from its medial border bilaterally, turning over and opposing these 
fascial flaps in the midline [1–3].

In 1961, a more complex version of these techniques was described by Young 
when attempting closure of epigastric hernias, a common complication in the pre-
laparoscopic era secondary to large incisions for open cholecystectomies and wound 
infections. Based on previous descriptions by Gibson and Dixon, Young advised 
separating the anterior and posterior rectus sheath from the rectus muscle to release 
the muscle and allow it to move easily to the midline. Next, the lateral border of the 
rectus sheath was incised a finger’s breadth medial to the costal margin in the upper 
epigastrium and the same distance from the lateral edge of the rectus muscle in the 
lower epigastrium to reduce tension on the repair.

Ramirez, in his landmark article, described the component separation technique 
by releasing the external oblique aponeurosis lateral to the lateral edge of the rectus 
sheath. This is the critical maneuver of releasing the external oblique aponeurosis from 
the anterior rectus sheath lateral to the semilunar line. In 1990, Ramirez described 
what is now known as the modern component separation technique. After studying the 
technique in 10 fresh cadavers and applying the anatomic findings to reconstruct the 
abdominal wall defect of 11 patients, Ramirez published his technique in the journal of 
Plastic and Reconstructive Surgery. He described releasing the external oblique muscle 
through a lateral incision to the semilunar line and separating the external oblique 
muscle from the internal oblique muscle in a relatively avascular plane.

With the goal of restoring the normal anatomy of the abdominal wall at the midline, 
Ramirez incised the aponeurosis of the external oblique muscle lateral to the lateral 
edge of the rectus sheath and performed extensive dissection underneath the external 
oblique, separating it from the internal oblique muscle. Additionally, the rectus muscle 
was separated from the posterior rectus sheath at the midline. These dissections allowed 
the advancement of the “components” of the abdominal wall – the rectus abdominis, the 
external oblique, the internal oblique, and the transversus abdominis muscles – to the 
midline, allowing ventral hernia defects of 20 cm to be closed without tension [4].

2. Posterior release component separation

In the 1960s, Jean Rives and Rene Stoppa also developed the Rives Stoppa tech-
nique for retrorectus mesh repair known as the Rives-Stoppa method. In this repair, 
extensive dissection is carried out in the space between the rectus abdominis muscle 
and the posterior rectus sheath to create a space to place the mesh. This allows the 
rectus abdominis muscle to mobilize more toward the midline, but because the repair 
is limited by the lateral border of the posterior rectus sheath, it may be inadequate to 
repair larger hernias [5].

Outside of Ramirez’s original description of the component separation, an addi-
tional approach to hernia repair was described later by Novitsky in 2012 known as the 
transversus abdominis release (TAR). This approach is an extension of the Rives-
Stoppa technique and has quite a few advantages. The key component of this repair 
is to release the transversus abdominis muscle itself. There are several advantages to 
this approach. Release of the transversus abdominis allows medial mobilization of 
the posterior rectus sheath. The function of the transversus abdominis and posterior 
fibers of the internal oblique is to provide tension throughout the thoracolumbar 
fascia and increase abdominal fascia integrity. Therefore, since the muscles are almost 
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circumferential, the dissection allows access to almost unlimited space, as described 
below. Novitsky described this in detail in his 2012 description [6–8].

After entering the abdomen via laparotomy, the posterior rectus sheath is identified 
and incised 0.5 to 1 cm medial to the anterior/posterior sheath junction to expose the 
transversus abdominis. Starting at the level of the umbilicus, the retromuscular place is 
developed laterally toward the linea semilunaris. During this dissection, the neurovascu-
lar bundles penetrating the lateral edge of the posterior rectus sheath can be visualized 
and must be preserved. The posterior rectus sheath is divided 0.5–1 cm medial from its 
edge. The retromuscular plan is developed toward the linea semilunaris and then incised 
in the upper abdomen to visualize the underlying transversus abdominis. The neuro-
vascular bundles that are penetrating the posterior sheath are preserved. The entire 
length of the transversus abdominis is then incised with electrosurgical energy at its 
medial edge. This allows entrance to the space above the transversalis fascia. This plane 
can be dissected to reach the space of Retzius anterior to the urinary bladder, and the 
subxiphoid space superiorly. The large retrorectus space is closed by closing the posterior 
sheath with a running monofilament suture, after which a mesh is placed and secured. 
Of note, in Novitsky’s experience, this technique allowed 8–12 cm of advancement per 
side toward the midline. This technique opened an entirely new plane to repair large 
abdominal hernias and is really a natural progression of the repairs described before this.

3. Minimally invasive TAPP and TEP

When the laparoscopic approach to ventral hernias was first introduced, the 
techniques described the placement of intraperitoneal underlay mesh later on called 
intraperitoneal onlay mesh (IPOM). Its implementation has been complicated by 
adhesive bowel disease, mesh erosion, and enterocutaneous fistulae from direct 
contact between the mesh and bowel. Due to these complications, a transabdominal 
preperitoneal (TAPP) approach was described. This technique involved entering the 
abdominal cavity laparoscopically and developing a preperitoneal/retrorectus space 
for placement of the mesh.

In 2018, Belyansky described a novel approach for approaching ventral hernia 
repair using a totally extraperitoneal technique, which previously had been described 
for laparoscopic inguinal hernia repairs. He called it the enhanced-view totally 
extraperitoneal (eTEP) technique which is also referred as the extended totally extra-
peritoneal technique. With this method of repair, laparoscopic ports are placed into 
the retrorectus space where dissection occurs first in one of the retrorectus spaces and 
then the contralateral one, which allows for placement of a retrorectus mesh similar to 
the Rives-Stoppa technique.

With the advent of robotic surgery and the dexterity provided by robotic instru-
ments as compared to laparoscopic instruments, many surgeons have attempted 
repair of larger and more complex hernias.

4. Robotic reconstruction techniques

4.1 Robotic IPOM

The patient is placed in the supine position with both arms tucked and secured to 
avoid any movement during the procedure and to allow room for docking of the robot 
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and avoidance of collision between the patient’s arm and the robotic arm. Three ports 
are placed based on surgeon preference, but typically on the most lateral aspect of the 
abdominal wall, usually on the left side but not exclusively there. If the hernia is in the 
midline, these may be placed on either side. Our ports are placed at least 8 cm apart to 
avoid interference between the arms of the robotic instruments.

After port site selection, we typically gain entry into the abdomen using a 5 mm 
optical trocar and 0° laparoscope via the optical entry technique. Once pneumoperi-
toneum is obtained, the other two 8 mm robotic trocars are then placed under direct 
visualization. The original 5 mm port is substituted by an 8 mm robotic trocar which 
may be upsized to 12 mm if necessary during the case to introduce the mesh intraperi-
toneally according to the selected size. A 5 mm accessory port may also be placed to 
help assist the operative surgeon but is often unnecessary. With large hernia defects or 
when extensive lysis of adhesions is indicated, an assistant port or the fourth robotic 
arm may be helpful to aid in tissue retraction and facilitate a safe and timely dissec-
tion. The robot is then docked, and robotic instruments are introduced under direct 
visualization.

The first step in the procedure is adhesiolysis, if indicated. The difficulty var-
ies from case to case depending on hernia size, chronicity, and prior procedures. 
Adhesions are taken down using a combination of blunt and sharp dissection. 
Electrosurgical energy may also be used at the surgeon’s discretion, but care must 
be taken to avoid thermal injury to any vital structures contained in the hernia sac 
such as the intestine. The hernia contents are reduced back intraperitoneally, and 
inspection of the contents is done to confirm no damage has been done to any of the 
contents and further hemostasis is achieved. The fascial defect is then measured. 
Insufflation is reduced before measuring the defect to prevent overestimation of the 
hernia defect.

If feasible, the fascial defect is closed primarily. In our practice, we typically 
perform this in a continuous fashion using a permanent barbed suture. First, we 
bring down the insufflation from 15 to 8 mm Hg to reduce any tension on the primary 
closure. A non-absorbable barbed suture is introduced intraperitoneally. The fascia 
is then closed in a continuous fashion, although this could be done in an interrupted 
fashion per surgeon preference.

The next step is the placement of the mesh. Per the current literature, a 4–5 cm 
mesh overlap is recommended for ventral hernia repairs. After appropriate mesh 
selection, the mesh is rolled up extracorporeally and then introduced into the cavity 
using a 12 mm port. The mesh is then oriented so that it can overlap 4–5 cm circum-
ferentially around the defect. The overlap is important due to future contraction of 
the mesh that occurs during the healing phase, which can lead to re-emergence of the 
defect and increased risk of hernia recurrence.

Once the mesh is in the appropriate position, fixation can be achieved by multiple 
methods as in laparoscopic surgery. These include intracorporeal suturing and tacking 
with different products. An advantage of the IPOM repair from a robotic approach is 
that the mesh can easily and reliably be fixated utilizing intracorporeal suturing due 
to the improved visualization, ergonomics, and dexterity that is achievable in robotic 
surgery. In our practice, the mesh is sutured using a non-absorbable monofilament 
barbed suture in a continuous, running fashion. Multiple sutures may need to be used 
depending on the size of the mesh. This is based on surgeon preference, but it may 
also be fixated in an interrupted fashion.

After the mesh has been placed, the abdomen is once again inspected to ensure 
hemostasis. The robotic instruments are removed under direct visualization and the 
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robot is undocked. The 12 mm port is removed first, and the abdomen is desufflated 
to 8 mm Hg to reduce tension on the fascia. The fascial defect is closed primarily in a 
simple interrupted fashion using 0-Vicryl suture on a suture passer. The gas is turned 
off and the abdomen is desufflated followed by removal of the remaining ports. The 
skin is then closed using 4-0 Monocryl in a subcuticular fashion and Dermabond is 
applied over the skin closure sites [9–14].

4.2 Robotic IPOM with endoscopic anterior component separation

Another described technique for hernia repair is the endoscopic anterior (external 
oblique) component separation with robotic hernia repair. This procedure involves a 
two-stage approach.

In the first stage, an anterior component separation is performed on the external 
oblique aponeurosis endoscopically with laparoscopic instruments. Ports are placed 
lateral to the semilunar line. The space between the external and internal oblique apo-
neuroses is entered using a cut-down approach with sharp and blunt dissection. An 
intramural plane is initially dissected between these structures using a finger followed 
by a balloon spacer. Laparoscopic trocars are placed bilaterally. The laparoscope and 
monopolar scissors are then used to visualize and further dissect this plane to perform 
an open anterior component separation on the external oblique aponeurosis lateral to 
the semilunar line.

The second stage of the operation involves entering the peritoneal cavity via the 
optical trocar technique to carry out a robotic reduction and closure of the hernia 
defect as described above in the IPOM technique section. By performing endoscopic 
component separation before IPOM, primary repair of the defect before mesh place-
ment is easier as these fascial planes have been released [15–17].

4.3 Robotic eTEP

The robotic retrorectus flap creation achieved with an extended totally extraperi-
toneal (eTEP) approach offers multiple advantages including the development of a 
tension-free repair, the lack of contact between the mesh and the underlying intra-
peritoneal viscera, and the position of the mesh in the preperitoneal plane, which 
eliminates the risk of future adhesion formation. The patient is placed in a supine 
position. Arms are tucked loosely to allow them to drift slightly posterior. This allows 
for an additional range of motion for the robotic arm to prevent the patient’s arm 
from colliding with it. This also ensures that the superior-most port does not collide 
with the patient’s arm when placed out laterally. Care is taken not to hyperextend the 
shoulder during positioning. Due to this positioning, one can also perform transver-
sus abdominis release if necessary, from either side of the patient without having to 
reposition them.

Optical entry is performed in the left upper quadrant medial to the semilunar 
line by using a 5 mm optical entry port with care not to penetrate the posterior 
rectus sheath to avoid entering the peritoneal cavity (Figure 1). The posterior rectus 
sheath is visualized, and blunt dissection is carried out to develop this plane for sub-
sequent insufflation. Pneumopreperitoneum is established to continue to develop 
the left retrorectus space ideally with an Airseal insufflation system to prevent loss 
of insufflation if a small defect is created accidentally on the posterior rectus sheath 
(Figure 2). A small amount of blunt dissection is carried out to enable placement of 
a second 5 mm port (Airseal) inferior to the initial port.
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Endoscopic dissection of areolar tissue with laparoscopic instruments including 
the monopolar electrosurgical hook is carried out superiorly/inferiorly and across the 
midline in the epigastric region by dividing the medial aspect of the left retrorectus 
space and crossing over to the right retrorectus space over the linea alba (Figure 3). 
During this step, rectus diastasis becomes obvious with this crossing-over maneuver 
to the right retrorectus space. This step is necessary to insert three 8 mm robotic 
trocars in a horizontal line disposition across the upper abdomen (Figure 4). One 
of these trocars can be upsized later to 12 mm to introduce the mesh. On the other 
hand, robotic trocars may be placed either superiorly or laterally depending on the 
desired approach and location of the hernia defect. If one is planning on performing 
an extensive transversus abdominis release (TAR) in addition to hernia repair via the 
eTEP approach, we recommend a superior port placement so that the bilateral TAR 
can be performed from the same port position without having to re-dock.

Continued dissection is carried out using monopolar electrosurgical energy with 
the robot to form a retromuscular plane of dissection around the hernia sac. One 

Figure 2. 
Endoscopic development of left retrorectus flap.

Figure 1. 
Optical entry into the left retrorectus space.
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should be careful to avoid injuring neurovascular bundles penetrating the retromus-
cular plane. The lateral border of dissection is the semilunar line if not performing a 
concurrent TAR procedure.

The hernia sac is then reduced and, if necessary, opened carefully (Figure 5). 
One should avoid using electrosurgical energy during this portion of the proce-
dure to avoid thermal injury to possible underlying bowel or other intraperitoneal 
structures. After reduction of contents, closure of the parietal peritoneum and 
the posterior sheath is performed with running barbed monofilament suture 
(Figure 6). The anterior aspect of the hernia fascial defect is then closed primar-
ily and, if appropriate, the patient’s rectus diastasis may be plicated at this time 
using the same suture used to close the hernia defect or a separate one. This is 

Figure 3. 
Division of medial aspect of anterior rectus sheath to access the linea alba and cross the midline to the right 
anterior rectus sheath.

Figure 4. 
Robotic trocar placement.
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an excellent opportunity to relieve the deformity caused by rectus diastasis and 
provide a plication and restoration of function to the abdominal wall with the 
hernia repair (Figure 7).

The cavity which has been dissected is measured to size the mesh appropriately. 
This may be accomplished by inserting a flexible ruler through a port and later 
retrieving it after measurement, or one can estimate the length using the 2.5 cm-
long fenestrated bipolar grasper tip. Meticulous hemostasis is ensured before the 
insertion of mesh. If needed, hemostatic agents may be instilled into the cavity at 
this time. At our center, we prefer to use uncoated, nonabsorbable in this space if 
the procedure is performed in class 1 surgical wound, or uncoated biosynthetic 
hybrid mesh if the wound is class 2 or above with multiple risk factors such as 
obesity, type 2 diabetes, connective tissue disease, or advanced age with cardiovas-
cular disease. The risk of contamination is minimized as the peritoneal space is not 
significantly violated except when reducing the hernia contents and the mesh is 
separated from the bowel by the transversalis and extraperitoneal fascia. Due to the 

Figure 6. 
Primary closure of peritoneal defects and posterior sheath.

Figure 5. 
Reduction of the hernia sac and contents.
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Figure 7. 
Anterior fascial defect closure +/− rectus diastasis plication.

Figure 8. 
Mesh introduction and deployment +/− hemostatic agent.

Figure 9. 
Drain placement.
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presence of fascial layers deep in the retromuscular space, coating of the mesh is 
not necessary as it does not contact the bowel.

After selection, the mesh is rolled up and inserted through one of the trocars 
using an atraumatic grasper (Figure 8). If the mesh is too large to be inserted 
through an 8 mm port, one of the ports may need to be upsized to a 12 mm port. 
The use of a hemostatic agent or powder is helpful to prevent seroma and hematoma 
formation.

Since concern for hematoma or seroma formation exists, a closed suction surgical 
drain is placed in the retromuscular space prior to desufflation and removal of trocars 
(Figure 9). The drain typically only stays for a week or two, since keeping it for a lon-
ger period of time may also be a nidus for infection. Finally, the retromuscular space 
is desufflated under direct vision and incisions are closed using Monocryl suture in a 
subcuticular fashion.

5. Robotic transversus abdominis release (TAR)

Similar to eTEP, the TAR technique offers a retrorectus dissection, but from a 
transabdominal/intraperitoneal approach and with the additional advantage of 
extending itself lateral to the semilunar line to release the muscle and facilitate a 
posterior component separation. The patient is placed in a supine position. Arms 
are tucked loosely to allow them to drift slightly posteriorly. This allows for an 
additional range of motion for the robotic arm to prevent the patient’s arm from 
colliding with it. This also ensures that the superior-most port does not collide 
with the patient’s arm when placed out laterally. Care is taken not to hyperextend 
the shoulder during positioning. Due to this positioning, one can also perform a 
transversus abdominis release from either side of the patient without having to 
reposition them.

Optical entry in the left upper quadrant utilizing a 5 mm laparoscopic port. Once 
pneumoperitoneum is obtained, an 8 mm robotic trocar is placed in the left lower 
abdomen and another in the left lateral abdomen. The original 5 mm laparoscopic 

Figure 10. 
Reduction of hernia sac and contents with adhesiolysis.
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port is upsized for a 12 mm robotic trocar. The typical approach per our preference 
is from the left side of the abdominal wall to first develop the right retrorectus space 
from a transabdominal/intraperitoneal approach.

After general surveillance of the abdomen and robotic adhesiolysis if indicated, 
the hernia sac is reduced and the contralateral posterior rectus sheath is clearly identi-
fied (Figure 10). Depending on the size and extent of the falciform ligament, it may 
have to be mobilized superiorly (Figure 11).

Once the contralateral (right) posterior rectus sheath is clearly defined along 
the edge of the hernia defect, it is divided 0.5–1 cm medial from its edge to enter 
the plane where retrorectus dissection will take place. The contralateral retromus-
cular plane is developed laterally toward the linea semilunaris to the medial aspect 
of the lateral edge of the rectus abdominis, where the posterior sheath is divided 
in the upper abdomen just inferior to the ribcage to enter the proper plane and 
visualize the underlying transversus abdominis (Figure 12). The neurovascular 

Figure 11. 
Superior mobilization of falciform ligament.

Figure 12. 
Right retrorectus flap creation with preservation of neurovascular bundles.
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bundles that are penetrating the posterior sheath are preserved. The entire length 
of the transversus abdominis is then incised with electrosurgical energy at its 
medial edge. This allows entrance to the space above the transversalis fascia and 
is carried out 2 cm lateral to the linea semilunaris. This plane can be dissected to 
reach the space of Retzius anteriorly to the urinary bladder, and the subxiphoid 
space superiorly (Figure 13).

Once a satisfactory retrorectus space is developed, mirror image steps are 
repeated on the opposite site (Figure 14) including the position of the ports 
(Figure 15). There will be a total of three 8 mm robotic trocars placed on the right 
side of the abdomen.

The floor of the large retrorectus space is reconstructed after the bilateral TAR 
posterior component separation by closing the posterior sheath with a running 
barbed monofilament suture in a running fashion (Figure 16). This step can be 
performed tension-free due to the component separation bilaterally.

Figure 14. 
Left retrorectus flap creation with preservation of neurovascular bundles.

Figure 13. 
Right TAR at 2 cm lateral to semilunar line.
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Figure 15. 
Right abdominal wall port insertion before flipping the boom.

Figure 16. 
Posterior sheath/peritoneum closure.

Figure 17. 
Anterior fascial closure +/− rectus diastasis plication.
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The next portion involves closure of the anterior fascial defect corresponding with 
the hernia and rectus diastasis plication (if present) with a running barbed monofila-
ment suture (Figure 17).

A preperitoneal mesh is introduced via a 12 mm robotic port in the left upper 
quadrant (Figure 18) and it is deployed over the now-closed posterior rectus sheath 
(Figure 19). Above the mesh is the closed anterior fascial repair. There is no need to 
suture the mesh because it will remain in place between the muscle layers and fascial 
layers.

Hemostatic agent powder is placed over the mesh to promote adhesion of the 
mesh and reduce the incidence of seroma/hematoma. A total of two surgical 
drains are placed over the mesh to capture the extra fluid that would be produced 
in the newly formed space and prevent a seroma formation (Figure 20). The 
drains exit via the upper quadrant incisions and are secured to the skin with a 
suture.

Figure 18. 
Mesh introduction +/− hemostatic agent.

Figure 19. 
Mesh positioning in preperitoneal space.
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6. Complications and management

Robotic ventral hernia repair is considered a safe and durable procedure. Indeed, 
open, endoscopic/laparoscopic, and robotic-assisted approaches are effective for 
ventral hernia repair with comparable overall outcomes. Nevertheless, each approach 
may demonstrate different advantages and disadvantages. Published data demon-
strate that patients undergoing robotic ventral hernia repair have a significantly 
shorter hospital length of stay, lower conversion rate, and a lower rate of complica-
tions compared to the laparoscopic approach. Moreover, the robotic approach has a 
lower 30-day reoperation rate and a similar operative time in comparison to the open 
approach. On the other hand, the laparoscope approach has a shorter operative time 
and is less expensive than the robotic technique [18–21].

The abdominal wall reconstruction, like any surgical procedure, can be prone 
to complications. These could be related directly to the procedure, or they may be 
nonspecific regardless of the type of surgery. Pre-operative risk assessment and post-
operative strategies could lead to a reduction in the complication rate and must be 
considered in every patient. In this context, the development of the robotic approach 
is due to its performance in high-risk cases. It is well suited for patients with risk fac-
tors such as morbid obesity and diabetes where microvascular disease and effects on 
the blood supply interfere with the healing of the abdominal wall. Moreover, patients 
with previous hernia repair by open surgery, connective tissue diseases, and rectus 
diastasis can take advantage of this new technique.

Despite the benefits and efficiency of the minimally invasive technique and the 
component separation procedure, several complications can pose postoperative chal-
lenges for the patient and surgical team [22–29]. Seroma and hematoma represent two 
of the most common postoperative complications after ventral hernia repair. However, 
since they have been described in the literature following different parameters, their 
real clinical incidence is variable. Seroma consists of an accumulation of clear fluid 
under the skin and usually develops where larger parts of tissue have been removed. 
It often has a minimal impact on the patient, but sometimes it could result in patient 
dissatisfaction, discomfort, poor esthetic outcome, and surgical site infections. 

Figure 20. 
Bilateral drain insertion.
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Moreover, major seroma-related complications could lead to deep infection, mesh 
rejection, and hernia recurrence. Asymptomatic seroma can be managed conser-
vatively, but esthetic complaints, complications, symptomatic, and chronic forms 
require medical treatment. The first-line treatment should be the drainage of the 
liquid, eventually followed by repeated aspirations and a microbiological examination 
if an infectious process is suspected. If this approach is not effective, it might need an 
operative intervention with drainage of the fluid and removal of the pseudo-capsule.

Among the most common complications, there are surgical site infections (SSIs), 
including superficial, deep, or mesh infections. Independent predictors of SSI could 
be steroid use, prolonged operative time, and smoking. SSI can represent a dangerous 
postoperative complication and is a significant risk factor for recurrence. Furthermore, 
soft tissue infection is a serious, life-threatening condition that could lead to necrosis of 
the skin, muscles, and soft tissues. Most superficial infections can be treated with antibi-
otics plus accurate and regular wound care. Chronic superficial and deep mesh infections 
require a surgical approach because antibiotics alone typically have a poor success rate 
considering the bacteria’s biofilm around the mesh that protects them. Debridement and 
lavage of the wound delineate the first crucial step followed by explanation of the infected 
mesh material, even if this maneuver causes secondary trauma to the abdominal wall and 
might be associated with a higher risk of complications. Microbiological analysis of the 
fluid surrounding the mesh is necessary for post-operative specific antibiotic therapy.

Besides the infectious process, the mesh can trigger a non-infectious reaction 
characterized by inflammation, fibrosis, and calcification. This phenomenon called 
“foreign body reaction” consists of an autoimmune response to a foreign body, 
producing organized granulation tissue. Specifically, the pathophysiology is explained 
by the attraction and stimulation of macrophages, which release cytokines, growth 
factors, matrix-modulating factors, and complement activating factors. Depending 
on the mesh used, the chronic granulomas could be more extensive and create a thick 
collagenous scar adherent to the abdominal wall. Indeed, they are characterized by an 
increased cell turnover that continues for periods of several years after the implanta-
tion of the mesh. Usually, the clinical manifestations could be a rejection or migration 
of the mesh, characterized by chronic pain [30, 31].

During an abdominal wall reconstruction, some tissues may be injured. Especially 
superficial and deep nerve structures and muscle components are at greater risk. 
If cutaneous nerves are damaged during the incision, these can take a notably long 
time to heal, and they may never completely recover. This situation implies a total or 
partial loss of sensation in localized areas. Moreover, even if muscle atrophy is often 
a direct consequence of incisions, sutures, or reduced blood supply, it is also associ-
ated with denervation. For all these reasons, abdominal surgery could be linked to a 
dysfunctional abdominal wall musculature. While denervation is more difficult to 
treat, transected muscles such as external and internal oblique or transversus abdomi-
nis could be reconstructed primarily and repaired with mesh.

Intestinal disorders are part of the possible complications of complex abdominal 
wall reconstruction. Defective hernia mesh positioning, post-operative scar tissue, or 
adhesions can cause a mechanical blockage that generates bowel obstructions. These are 
clinically highlighted as colicky pain, constipation, nausea, and vomiting. Furthermore, 
as in all abdominal surgeries, there is a risk that the abdomen temporarily loses its usual 
rhythmic contraction. The loss of peristaltic capacity, defined as paralytic ileus, is, in 
any case, a temporary condition and lasts from a few hours to a few days. Rarely, bowel 
injury can also happen, but this is most often due to a direct injury during port insertion 
or handling of the bowel with instruments such as during adhesiolysis.
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Chronic pain and hernia recurrence are the most common long-term complications. 
Chronic pain remains difficult to evaluate and is usually defined as pain persisting for 
more than 3 months after surgery. More precisely, its clinical manifestations are mainly 
represented as increased sensitivity to pain and pain secondary to normally non-painful 
tactile stimuli. Some risk factors are preoperative pain, female sex, smoke, and younger 
age. The pathophysiology of neuropathic pain is explained sometimes by a surgical injury 
to a major nerve or an inflammation of the nerve as an adverse effect of mesh implanta-
tion. The injured and inflammatory cells release cytokines, bradykinin, and prostaglan-
dins that activate nociceptors. Chronic pain is considered one of the most important 
factors for satisfaction, and its management depends on the proper identification of the 
etiology. Moreover, the experience of pain is more than the detection of noxious stimuli, 
social environment, and psychosocial factors should be considered alongside in the man-
agement of the patient. Concerning neuropathic cutaneous pain, medical treatment as 
topical lidocaine or capsaicin can help to block the conduction of impulses along nerves, 
by minimizing the transmission of pain. Oral drugs such as anticonvulsants, tricyclic 
antidepressants, serotonin-norepinephrine reuptake inhibitors can be used, too [32–34].

Morbidly obese and diabetic patients, those suffering from cardiovascular disease, 
immunosuppressed patients due to a prior transplant or immunocompromised for other 
reasons, and patients who underwent a prior hernia repair in a contaminated environment 
have a high risk of recurrence. All of the typical post-operative complications such as 
wound infection, seroma, hematoma, and wound dehiscence are present in these groups 
with several risk factors. A minimally invasive approach, including robotics, becomes 
relevant and crucial to the success of abdominal wall reconstruction in these patients.

To treat the recurrence of a hernia, choosing the optimal surgical treatment is of 
paramount importance. The surgeon must take into consideration various factors 
such as the technique previously used, the number of interventions and relapses, and 
other patient factors, such as smoking. Robotic ventral hernia repair has shown a low 
recurrence rate at a mean of 21 months postoperatively. Furthermore, it represents 
an optimal option for the treatment of complex recurrences considering the benefits 
of the minimally invasive surgical approach as well as increased dexterity and three-
dimensional visualization. Indeed, this precision approach is often required for a 
correct and integral abdominal wall reconstruction, restoring the displaced tissues 
to normal anatomy and dynamics with a meticulous component separation to release 
the tension on the muscles and fascia. The rebuilding and restoration of a functional 
abdominal wall with the reinforcement offered by a robotic complex repair such as 
eTEP or TAR offers a durable, lifelong reconstruction to the patient [35, 36].

7. Conclusion

The techniques and approaches described in this chapter have evolved over time as a 
result of contributions from a collective group of surgeons who built their legacy upon 
the lessons learned from their predecessors. A robotic complex abdominal wall recon-
struction is a highly demanding and technically specialized type of operation, but it does 
not mean that it should only be reserved for a certain category of surgeons. We strongly 
believe that all surgeons should be able to master these techniques with proper train-
ing, supervision, mentoring, and dedication to excellence and attention to detail. The 
relationship between anatomy and physiology becomes clear and obvious when a robotic 
abdominal wall reconstruction is performed to restore the mechanics and functionality 
that once existed in the human body before the development of a hernia. To learn how 
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to achieve this monumental task takes a lifetime of perseverance and discipline, but it 
all starts with the desire to acquire this knowledge. This chapter intends to encourage 
its readers to enter the realm of robotic abdominal wall reconstruction with the highest 
purpose in mind: the highest possible quality of life that we can offer to our patients.
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Abstract

Obesity is one of the most important health problems in developed and developing 
countries. Morbid obesity is defined as having a body mass index (BMI) of more than 
40 kg/m2. Obesity does not only predispose to gastroesophageal reflux, but is also an 
important independent risk factor for the development of hiatal hernia (HH). There 
are articles advocating about half of obese patients have a hiatal hernia. Hiatal hernia 
not only exacerbates reflux symptoms, but may also lead to incomplete removal 
of the gastric fundus during laparoscopic sleeve gastrectomy (LSG). When hiatal 
hernias are seen preoperatively or intraoperatively for bariatric surgery, surgical 
correction should ideally be made with mesh reinforcement to prevent further clinical 
progression.

Keywords: obesity, laparoscopic sleeve gastrectomy, gastroesophageal reflux and hiatal 
hernia

1. Introduction

Obesity has an important place among the most important health problems of 
developed and developing countries [1–3]. If the body mass index (BMI), calculated 
by evaluating the height and weight together, is greater than 40 kg/m2, it is called 
morbid obesity. Along with obesity, the risk of systemic diseases such as diabetes mel-
litus (DM), obstructive sleep apnea and cardiovascular diseases increases, resulting 
in an increase in mortality rates. However, one of the independent risk factors for 
the development of gastroesophageal reflux disease (GERD) is obesity. In addition 
to predisposing to gastroesophageal reflux, one of the important independent risk 
factors for the development of hiatal hernia (HH) is obesity [4–8].

On the other side, the hiatal hernia (HH) is closely related to the presence of GERD.

2. Discussion

Gastroesophageal reflux disease (GERD) and HH have a relatively high incidence 
in the morbidly obese population, the underlying pathophysiology is transient lower 
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esophageal sphincter relaxation in combination with increased intra-abdominal 
pressure [9].

It has been proven that obesity is an important independent risk factor for the 
development of GERD and/or HH; while approximately 50–70% of patients undergo-
ing bariatric surgery for morbid obesity have symptomatic reflux, 15% of them have 
symptomatic HH. GERD and HH are closely related with high BMI [10]. There are 
studies indicating the prevalence of GERD (defined as an increase in acid exposure 
and/or fissures in the esophageal mucosa) as 41% before laparoscopic sleeve gastrec-
tomy (LSG) and 71% after LSG [11, 12].

There are articles advocating about half of obese patients have a hiatal hernia [5, 13]. 
Hiatal hernia not only exacerbates reflux symptoms, but may also lead to incomplete 
removal of the gastric fundus during LSG [3]. With the increasing use of LSG, more 
patients have been observed with relatively common side effects such as GERD and 
other somewhat rare anatomical complications such as strictures, ulcerations, and HH 
[14]. Small esophageal sliding herniation of LSG is thought to be associated with GERD 
after LSG, therefore surgical repair of HH is advocated by many [15]. Gastric narrowing, 
progressive enlargement of the esophageal hiatal opening, division of natural con-
nections such as the phrenoesophageal membrane, and removal of the gastric fundus 
near the angle of His are possible factors associated with postoperative weight loss and 
reduction in visceral fat, and intrathoracic migration of the stomach [16]. Some authors 
have suggested that previous hiatal hernia repair (HHR) may accelerate postoperative 
LSG migration due to hiatal dissection, which may lead to phreno-esophageal membrane 
disruption, gastric sleeve instability, and associated loss of antireflux mechanisms [17].

In a study by Daes et al., it was found that hiatal hernia was detected intraoperatively 
in 25% of patients undergoing LSG, and reflux symptoms were significantly reduced 
after hiatal hernia repair (HHR) [18]. Baumann et al. [16], using multisection com-
puted tomography, monitored 27 patients with gastric sleeve and they found that the 
migration of the staple line to the thorax is associated with the presence of gastroesoph-
ageal reflux. Interestingly, they demonstrated a 37% migration rate of the gastric sleeve 
into the posterior mediastinum 1–10 months after surgery. While 40% of these patients 
complained of reflux symptoms, 60% were asymptomatic. Most studies like this show 
an improvement in GERD when the hernia is repaired [19].

In the light of this information, if the presence of a hiatal hernia is known before 
bariatric surgery or if a hiatal hernia is detected during surgery, it is recommended to 
repair it [20–22]. In bariatric surgery, if it is detected in the preoperative evaluation 
or intraoperatively, concomitant repair should be performed [23, 24]. The repair of 
hiatal hernia during a gastric sleeve due to morbid obesity decreases the prevalence 
of GERD. It was revealed that dyspeptic symptoms and reflux symptoms regressed 
after HHR and that proton pump inhibitor usage declined. Unsuccessful hiatal hernia 
repair (HHR) can lead to an exacerbation of reflux symptoms after surgery. There are 
authors who advocate anterior and posterior placement of sutures in HHR to prevent 
anterior hiatal dilation during weight loss [25]. There are also articles in the literature 
reporting that HHR was performed safely with a mesh after LSG [26, 27].

3. Management and treatment

Fundoplication after bariatric surgery is not technically possible due to the lack 
of excess stomach tissue due to previous sleeve gastrectomy. Mesh reinforcement has 
been proven to have a lower incidence of recurrence than primary repair. Although 
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there is no difference in complication rates between synthetic and biological mesh, it 
has been proven that synthetic mesh has a lower recurrence rate compared to biologi-
cal mesh [28].

A randomized controlled trial conducted by Snyder at al [29] showed no difference 
between repairing and not performing HH during sleeve gastrectomy. Santonicola 
et al. [30] showed the results of repairing HH during gastric sleeve in 78 patients. The 
incidence of preoperative reflux was 38.4%, and 30.8% after 15 months of follow-up 
(p = 0.3). Dakour Aridi et al. studied the safety of repairing HH during gastrectomy 
[31]. The 28,000 patients who had only sleeve gastrectomy and 4687 patients who 
had sleeve gastrectomy + HH repair recorded in the database of the National Surgical 
Quality Improvement Program were compared. Examined groups were not differ-
ent from each other in terms of complications and mortality. In fact, there were no 

Figure 1. 
Large hiatus/sleeve stapled line.

Figure 2. 
Laparoscopic view of gastric sleeve herniation through esophageal hiatus.
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unexpected or adverse outcomes of performing esophageal dissection and performing 
hiatus repair. In addition, some anatomical and physiological results of sleeve gastrec-
tomy surgery can explain the regression in preoperative symptoms. With LSG, the total 
gastric mucosal surface and, accordingly, the amount of acid-producing parietal cells 
are reduced. In addition, gastric emptying increases and intra-abdominal pressure 
decreases as total weight decreases. These may explain the improvement in symptoms 
without HH repair.

Soricelli et al. [32] published 6 patients who underwent HH repair during LSG. 
In 2 patients with hiatal defects larger than 5 cm, polypropylene mesh was suitable 
following crus repair, while crus repair was performed with 2 or 3 sutures with non-
absorbable suture materials in the other 4 patients. No complications were observed 
during or after the operation, but HH recurrence was detected in 1 (17%) patient 
during long-term follow-up. In the literature, there are authors suggesting to use bio-
absorbable mesh if HH repair is required during LSG, or to fix the remaining stomach 
to the colonic mucosa with bio-absorbable mesh, thus preventing both migration in the 

Figure 3. 
(a) Laparoscopic view hiatal hernia repair. (b) Final aspect closed esophageal hiatus.



141

Laparoscopic Hiatal Hernia Repair during in-Sleeve Gastrectomy
DOI: http://dx.doi.org/10.5772/intechopen.104395

remaining stomach and possible volvulus [33, 34]. Occlusion of the esophagus due to 
imprisoned HH in the early postoperative period secondary to crus repair can be seen 
as a very rare complication. To the best of our knowledge, only one case was reported 
by Mizrahi et al. [35] in the literature. This potential complication does not change the 
fact that it is safe to perform HH repair if necessary during LSG. We think that conver-
sion to Laparoscopic Roux and Y gastric bypass (LRYGB), in which the alimentary 
limb is fixed to the diaphragm, is the most appropriate option due to the presence of 
a short intra-abdominal esophagus and the tension in the sleeved stomach in patients 
where LSG and hiatoplasty are applied together and no success is achieved. Our biggest 
concern in the reoperation was how to prevent the reherniation of the stomach with a 
tube. While making our decision, we considered that the transition to LRYGB could 
provide several advantages; (1) it is an anti-reflux procedure in itself, (2) traction 
produced by the small intestine anatomically placed in the gastric pouch can help hold 
the stomach in place (3) Unlike LGS, it is a low pressure system. Also, fixing the blind 
loop of the alimentary limb to the diaphragm provides further fixation.

With regard to strengthening the hiatal repair with a patch, it is performed in 
symptomatic cases where the hiatal defect is >5 cm (detected intraoperatively) and 
where it is not possible to bring the cruses closer together without tension. Nocca 
et al. [12] and our experience it has been proven that this technique significantly 
reduces the recurrence rate of HH in patients with a hiatal defect >5 cm.

In cases, crural repair was performed by means of two or three interrupted 
non-absorbable stitches (Figures 1-3), while in the two cases with a HH > 5 cm, a U 
shaped polypropylene mesh was superimposed to aid crural closure.

4. Conclusions

When hiatal hernias are seen preoperatively or intraoperatively for bariatric 
surgery, surgical correction should ideally be made with mesh reinforcement to 
prevent further clinical progression. Prosthetic reinforcement of the hiatal closure 
should be performed in selected cases where an increased risk of HH recurrence exists. 
To evaluate the effectiveness of this procedure and as well as the feasibility and safety 
of prosthetic hiatal closure, further series with larger numbers of patients and longer 
follow-up are needed.
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