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Preface

We are very pleased to provide you with this book dealing with hernia.

The chapters in this book are written by general surgeons, radiologists, and pediatric sur-
geons from different hospitals in Turkey, the USA, Kingdom of Saudi Arabia, Egypt, China,
Hungary, Tunisia and Croatia.

The book is subdivided into four sections and eleven chapters:
Section 1: Introduction

1. Introductory Chapter: Different Types of Parietal Hernias, Diagnosis and Treatment

Section 2: Groin Hernia

Surgical Anatomy of the Groin
Imaging of Hernias
Individualized Treatment of Inguinal Hernia in Children

Inguinal Hernia in Infancy and Children

S e

Hernia in Ambulatory Surgery Center

Section 3: Incisional Hernia

1. Robotic Ventral Hernia Repair
Patient Optimization is the Key in Surgical Repair of Ruptured Umblical Hernia
in Cirrhotic Patients and Tense Ascitis

3. Significance of Autologous Tissues in the Treatment of Complicated, Large, and
Eventrated Abdominal Wall Hernias

Section 4: Other Types of Hernias

1.  Congenital Diaphragmatic Hernia
2. Parastomal Hernia

Hernia repairs, both inguinal and ventral/incisional, are some of the most common surgeries
performed in the world.

Most surgeons are frequently confronted with hernia in their everyday practice.
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Preface

We hope to give the reader an all-encompassing and wide overview of all types of abdomi-
nal wall hernias and highlight common open and laparoscopic techniques and current rec-
ommendations for patient management.

This textbook provides a comprehensive, state-of-the-art review of the field of hernia sur-
gery and serves as a valuable resource for clinicians, surgeons, and radiologists with an in-
terest in both inguinal and ventral/incisional hernia and congenital diaphragmatic hernia.

Diagnosis and management strategies for inguinal and ventral hernia in children and adults,
in ascitic patients, in case of incarcerated hernia and complicated large incisional hernia will
be discussed in detail with separate technique sections for the most widely used procedures
in this field as well as emerging technologies such a robotic and single-incision surgery.

The chapters will be a useful aid to medical students, radiologists, surgical trainees, physicians,
and emergency doctors who wish to gain a greater understanding of inguinal hernia and inci-
sional hernia repair and how it can improve their clinical practice. Radiology trainees and pe-
diatric surgeons will also find this a helpful “aide-mémoire” to consolidate their knowledge.

Although this book does not cover all the aspects related to the hernia surgery, it is intended
for a least two kinds of readers:

a. Residents of intermediate and advanced courses in medicine
b. Pediatric surgeons, general surgeons, radiologists, and all doctors, no matter the
specialization

As an editor in chief of this book, I would like to acknowledge the efforts made by all of the
contributing authors and the entire editorial team in publishing of this book especially Ms.
Mirena Calmic and Ms. Maja Bozicevic for their very precious collaboration. Their dedica-
tion to the publication of the most contemporary and comprehensive scientific data has re-
sulted with this excellent work. I would like to dedicate this book to all my colleagues—
surgeons, pediatric surgeons, and radiologists. I also dedicate it especially to Professor Rid-
ha Ben Haj Hmida, Rached Letaief, Jaafar Mazhoud, Mehdi Ben Haj Hmida, Mohamed Az-
zaza, Mehdi Boutrif and Sabri Youssef surgeons in Sousse.

The main person I want to thank is my wonderful wife, Elhem, who regularly reassured me
that I could pull this off. I also thank my daughter Rania and sons Raed and Nader who
were always proud of me and to whom I wish all the success in their studies.

Finally, I thank the authors of these excellent articles. They were willing to share their
knowledge with a wider audience and to do so for no fee. I enjoyed working with them,
getting to know them, and learning from them.

Fethi Derbel

Professor of General and Digestive surgery
University of Sousse

Sousse, Tunisia
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Chapter 1

Introductory Chapter: Different Types of Parietal
Hernias, Diagnosis and Treatment

Fethi Derbel, Mehdi Boutrif, Mohamed Azzaza,
Nidhal Mahdhi, Khaled Khadimallah and
Youssef Sabri

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/intechopen.70251

1. Introduction

Hernias of the abdominal wall are one of the most frequently encountered pathologies by the
general surgeon in his daily practice, constituting a serious socioeconomic problem despite
their frequency, the high rates of recurrence and complications.

Strangulation is the most frequent and serious complication of hernia.

Hernias are the most common cause of acute intestinal obstruction. The early repair of these
hernias has markedly reduced the frequency of incarceration of intestine in these musculo-
fascial defects.

The common sites for these defects, in order of frequency, are inguinal, umbilical, incisional
and femoral. Some other hernias are very rare such as lumbar, epigastric, spigelian, sciatic
and obturator hernia.

Techniques of repair continue to progress from simple herniorraphy to hernioplasty.

But tension-free mesh repairs are the current standard. Actually, laparoscopic approach and
robotic surgery contribute to develop the management of this pathology.

I m EC H © 2017 The Author(s). Licensee InTech. 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. [B)sy |
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2. Inguinal hernia

2.1. Different types of inguinal hernias

Inguinal hernias are the most common type of hernia. They represent approximately two
thirds of adult hernias and are much more common in men than in women. Inguinal is the
most common form of hernia. It is most frequent in man. This hernia could be either indirect
or direct. The weakness that occurs in the abdominal wall may be present at birth in case of
congenital hernia or may develop later on in life.

An indirect inguinal hernia is in most cases a congenital lesion. It occurs as a result of the deep
inguinal ring failing to close during embryogenesis with persistence of peritoneo-vaginal
canal. Diagnosis of this type of hernia could be done early after birth or later.

Direct hernias are frequent in adults and old patients. These hernias are acquired and occur
due to a weakness of the floor or posterior wall in Hesselbach triangle. Only the transversalis
fascia constitutes the posterior wall of this inguinal canal at the inferior border of the trans-
verse muscular arch and of the internal oblique and tries to oppose the appearance of a direct
hernia. Direct hernias do not have a true peritoneal sac and do not expose to incarceration
risk of the bowel. Their treatment consists usually of a reinforcement of the posterior wall by
a prosthetic grid.

2.2, History of inguinal hernia repairs

With neither essential anatomical knowledge nor effective anaesthesia and under threat of
septic peril, the empirical operators of the past had to confine themselves to either trying to
disappear the hernial ‘tumour’ or prevent the descent of the viscera [1].

Until the beginning of the eighteenth century, surgery for scrotal hernias was dominated by
castration, with iron or cautery.

The bandages are the oldest means to contain the visceral descent. It began with the Greeks
and Egyptians.

Modern surgery began with the Italian Edouardo Bassini [2] who sutured the elements of the
posterior wall of the inguinal canal and published the results of 400 operations. The results of
these operations were very encouraging. The recurrence rate was very low.

The Canadian surgeons from Toronto described the E. Shouldice technique (1945-1951) dedi-
cated to the treatment of hernias and allowed the development of a process that consists of a
triple suture of the posterior wall of the inguinal canal. This intervention that stems directly
from that of Bassini will be a considerable success. The shouldice repair became the gold stan-
dard for the prosthesis-free treatment of inguinal hernias.

More recently, the prosthetic procedures have been introduced as the treatment of inguinal
hernia. The repair of irremediably deteriorated walls is made possible by the replacement
of the transversalis fascia with synthetic tulle. The nylon has been applied in France by Don
Aquaviva of Marseille since 1944.
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In 1965, Rives and Stoppa, French surgeons from Amiens, described for the first time the pre-
peritoeal approach using a mesh to repair inguinal hernia.

The concept of ‘tension-free’ repair for hernias In Lichtenstein [3] was described as early as
1959 by J. Zagdoun at the surgical academy and forms the basis of the Lichtenstein technique.

With the development of laparoscopic surgery of hernias, new prostheses have been created
to be implanted in the peritoneal space.

Finally, one of the most spectacular innovations is undoubtedly the emergence of Laparoscopic
pathway. Two laparoscopic techniques have been performed to treat inguinal hernia using a
mesh: the extraperitoneal approach (TEP) and transperitoneal approach (TAPP). Nowadays,
robotic surgery has been introduced in some centres to treat inguinal hernias [4].

However, the high cost of this technique is a limiting factor to be widespread.

3. Femoral hernia

These hernias are much less common than inguinal hernias and account for only 3% of all
hernias

Unlike inguinal hernias, femoral hernias occur more commonly in females.

The femoral orifice is limited by the following elements: on the top and front the crural arch,
the lower and posterior pubis with Cooper's ligament, the Gimbernat ligament inside (fills
the angle internal between pubis and crural arch), outside the fibrous septum bordering the
femoral vein with the artery outside it. This orifice is narrow and inextensible

Most femoral hernias are asymptomatic. However, they can occasionally lead to severe prob-
lems such as strangulation. These hernias expose to a high risk of strangulation. The diagnosis
could be difficult in some cases mainly in obese patients. Imaging techniques such as ultraso-
nography, CT scan or MRI could be helpful.

The treatment of this type of hernia was at first a herniorraphy using the Mac-Vay technique.
Currently, the tension-free repair using a mesh by open or by laparoscopic approach is the
most used technique.

4. Umbilical hernia

This type of hernia may develop in babies if the opening through which the umbilical cord
passes does not close properly after birth. This hernia can also affect adults mainly due to
obesity, pregnancy or cirrhosis.

Umbilical hernias are congenital in origin and often occur during infancy; spontaneous clo-
sure by the age of 2 years is common. Even large hernias (5-6 cm in all dimensions) have been
known to disappear spontaneously by 5-6 years of age.
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Thus, surgery is not required for small or moderate hernias before the age of 6 years.

In adults, umbilical hernias may develop more commonly in women, usually in post partum
and predispose to strangulation. Cirrhotic patients are exposed to develop more frequently
complications such as rupture, and their treatment remains difficult.

The surgical treatment in adults is mainly based on prosthesis repair. Different techniques are
described and consist of either open or laproscopic approach.

5. Incisional hernia

Incisional hernias occur in 5-10% of patients after previous laparotomy. Obesity, wound
infection and iterative laprotomy are the most frequent causes of incisional hernias.

Incisional hernias are usually diffuse bulges, but the strangulation risk is more important in
the small defect with rigid margins.

Incisional hernias are usually treated by general surgeons.
The repair of the musculoaponerotic wall defect requires usually the use of mesh [5].

Plastic surgeons, usually concerned with the correction of the abdominal fat and skin excesses
by liposuction or abdominal dermolipectomy, should be associated to the general surgeons to
treat incisional hernia in order to perform the abdominoplasty.

The concept of association between the repair of an incisional hernia and the dermolipectomy
is not new.

In the 1990s, Ramirez and Al [6] and Di Bello and Moore [7] already associated dermolipec-
tomy and certain techniques of parietoplasty (in mobilisation by sections and sutures, the
various musculo-aponeurotic components). They find respectively a rate of recurrence of 8
and 8.5% [8].

The most frequent situation consists of an aponeurotic distension or a diastasis of the rectus
abdominal muscles generally corrected by aponeurotic suture.

Aesthetic disgraces are those that modify the outline of the body, due mainly to the flaccid-
ity of the abdominal wall, accumulation of fat, and weakening of both the aponeurosis and
muscle system [9].

Typel Abdominal lipodystrophy without skin flaccidity; absence of diastasis or hernia
Type Il Moderate abdominal lipodystrophy with diastasis
Type III Accentuated abdominal lipodystrophy with cutaneous flaccidity and excess; presence of diastasis;

with or without associated scar

Type IV Skin flaccidity and/or lipodystrophy, with diastasis or eventration; associated scar

Table 1. Pitanguy’s classification of aesthetic abdominal deformities [10].
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Ivo Petanguy who is a plastic surgeon from Brazil, proposed a classification of abdominal defor-
mities in four types (See Table 1). The author proposed a special management of the abdominal
deformity and the musculo-aponeurotic defect or flaccidity according to his classification [10].

6. Other hernia sites

6.1. Epigastric

Epigastric hernias occur in the linea alba. They are rare and account for less than 2% of her-
nias. These hernias are usually due to an important activity related to increased physical
activity of the abdomen, as it is usually the case during weightlifting or weightlifting exer-
cises. Epigastric hernia may also occur in the case of people with chronic and significant
cough. This hernia usually does not require surgery unless it becomes too troublesome or
painful phenomena appear.

6.2. Spigelian

Spigelian hernia occurs through slit-like defect in the anterior abdominal wall adjacent to the
semilunar line. This hernia was first described by Klinkosch in 1764. Most of spigelian hernias
occur in the lower abdomen, where the posterior sheath is deficient. Spigelian hernia can be
congenital or acquired.

Spigelian hernia is very rare, and moreover, it is difficult to diagnose clinically. Usually, imag-
ing is necessary to establish the diagnosis. CT scan is considered the most reliable technique
to make the diagnosis in difficult or doubtful cases. Surgery can be performed either by open
technique or by laparoscopy [11].

6.3. Obturator

Obturator hernia is a rare variety of abdominal hernia. It occurs mainly in elderly females.
The obturator hernia develops at the obturator orifice in the pelvis. This is an uncommon
hernia. Their diagnosis is quite often difficult. Deep pain in the pelvis and in the inner surface
of the thigh is the most frequent symptom of that hernia. In case of suspicion, a CT scan will
allow the diagnosis. Due to their diagnostic difficulty, these hernias are often diagnosed dur-
ing surgery or due to complication such as intestinal obstruction [12].

Despite its rarity, a variety of operative approaches have been described to repair the obturator
hernia. These include the abdominal approach and more recently, the laparoscopic approach.

6.4. Sciatic

The greater sciatic foramen can also be the site of a relatively uncommon hernia. Sciatic hernias
often present as pelvic pain, particularly in women, and diagnosis can be difficult. Patients
often present with pain on standing, and diagnosis is often made when a complication occurs
such as bowel obstruction. However, a sciatic hernia rarely causes sciatic nerve pain.
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Surgery should be performed once the diagnosis is made. Transabdominal and transgluteal
operative approaches are performed including laparoscopic repair [13].
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Surgical Anatomy of the Groin

Kamer Tomaoglu
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Abstract

Most surgeons are familiar with the inguinal anatomy from the anterior perspective. With
the advent of laparoscopic techniques for inguinal hernia repair, it became important to
understand the inguinal anatomy from the preperitoneal view for a posterior approach
to the inguinal region. The purpose of this chapter is to describe the anatomic landmarks
of the groin region.

Keywords: anatomy, groin, surgery

1. Introduction

The inguinofemoral region extends to above and under the line of Malgaigne. It composes
the borderline region between anterolateral abdominal wall and upper portion of the triangle
of Scarpa [1, 2]. It represents an important structure, which is a passage zone between the
abdominal area, the external genital region, and the root of lower extremity. Two pedicles,
the spermatic cord (or the round ligament of uterus) and the iliofemoral vascular pedicle
cross the inguinofemoral region. It is equally a zone of embryologic importance, character-
ized by the evolution of peritoneo-vaginal channel, the testicular descent, and rarely an ecto-
pic engagement of ovaries [2—4].

The groin is the region where most hernias of the abdominal wall occur. Inguinal hernia
repair is the most commonly performed operation worldwide. Approximately 75% of abdom-
inal wall hernias occur in the groin [5, 6]. Its surgical interest is evident which we understand
easily by the consecutive diverse technical discussions after the apparition of the Shouldice
Hospital technique, considered by many authors as a return to the “starting point” [7, 8].

I m EC H © 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
open science | open minds distribution, and reproduction in any medium, provided the original work is properly cited. [{cc) ExgNN
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2. History

In the sixteenthcentury, Fallope described the “inguinal ligament.” Later on, Ambroise Paré
tried to classify different hernias. In theeighteenthcentury, Poupart and Littre summarized
the knowledge on hernia anatomy. Littre described the hernia of intestinal diverticulum
(Meckel’s diverticulum), which was called Littre’s hernia later on. Scarpa, in 1812 published
the famous “Traité des hernies” first in Italian language and later in French with illustrations
of the inguinofemoral triangle. From surgical point of view, “Traité des hernies” was very
rudimentary, only the hernias with failure of taxis were operated on. Intestinal interminable
fistulas were frequently present in survived patients. The cauterization was sometimes used,
without any considerable amelioration of the results [2, 3, 6].

Modern history of hernia cure begins with Bassini who described in 1886, the anatomic pro-
cedure of radical cure of inguinal hernia [9]. This was the first modern operation, based on a
perfect anatomic analysis of the region. In the twentieth century, the modifications of Bassini’s
operation and McVay and Anson [16] revised the ideas of Lotheissen and insisted on the interest
of low fixation, to the Cooper’s ligament, underlying the importance of anatomic unity of the
region while performing the surgical treatment of both inguinal and femoral hernias simultane-
ously [1-3].

Beginning from 1953, the Shouldice technique emerged in Toronto, which realized a ret-
rofunicular suturing of the transversalis fascia, thus claiming to obtain maximum solidity
[10].

Fruchaud, in 1956, published the classic “Anatomie des hernies de l'aine”, which was based
upon the structural unity of the inguinofemoral region which was centered on myopectineal
orifice. Nyhus and Condon published the book “Hernia” in 1978.

In the early 1980s, Lichtenstein popularized the tension-free repair, supplanting the tissue-
based repairs with prosthetic materials for inguinal floor reconstruction [11].

With the advent of minimally invasive surgery, since the initial description by Ger, inguinal
hernia repair underwent its most recent transformation.

3. Embryology

Very early during the embryonic development, the peritoneal cavity presents two inferior
diverticula, which protrude through the inguinal canal and become the processus vaginalis.
They extend toward the scrotal draft or the major labium preceding the topographic gonadal
evolution, which explains the possibility of congenital hernias associated to gonadal ecto-
pies. During the normal course of development, the testes descend from the intra-abdominal
space into the scrotum in the third trimester, a relative movement which is closely linked to
the development of scrotal and lumbar ligaments. The gonads slide to the posterior of the
peritoneo-vaginal canal to be placed under its inferior border, thus realizing the draft of the
vaginal serosal layer.
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As a rule, the peritoneo-vaginal canal closes before birth. The closure abnormalities of the
peritoneo-vaginal canal or the equivalent Nuck’s canal may explain the different modalities
of intrafunicular indirect hernias predominant in young patients. The partial permeability of
the proximal portion of the canal explains the congenital hernias found at birth or becomes
evident during the first crisis. A total permeability results in a communicating hernia in which
the visceral organs may be engaged descending to the testicular level, even contacting the
testicle. Residual or “suspended” permeability explains the frequency of small hernia accom-
panying cordon cysts.

Indirect hernias frequently appear following an effort as a late manifestation of a congenital
abnormality. In certain cases, the peritoneo-vaginal canal descends to the testicular level with-
out communicating with the vaginalis.

The ductus deferens conserves its close relationship with the serous diverticulum, so it is
mandatory to be vigorous during the resection of the indirect hernia sac, especially in infants.
The ovaries exceptionally may be engaged into the inguinal trajectory, or even may be pres-
ent in the major labium, giving rise to an intraparietal ectopy. So, one should be prudent not
to blindly resect an inguinal mass in a female patient, misdiagnosing it as a simple lipoma.

According to Russel (1906), all indirect hernias are in fact congenital abnormalities. This
opinion was controverted, many authors admitting that the simple fossa at the origin of the
peritoneo-vaginal canal on the abdominal side, under the influence of parietal insufficiency
may distend into the spermatic cord. On the other hand, in some male or female patients, the
persistent permeability of peritoneo-vaginal canal may exist without any manifestation of
hernia.

4. Architecture

The inguinofemoral region is constructed “around an orifice”, which is named the
Fruchaud’s orifice. Fruchaudemphasized the fact that all hernias of the groin originate
within a single weak area, the myopectineal orifice, which is subdivided as inguinal and
femoral by the inguinal ligament representing the terminal part of the aponeurosis of the
external oblique muscle. The muscles of the anterolateral abdominal wall are arranged in
two layers, the aponeurosis of external oblique muscle anteriorly and the transversalis fas-
cia and its reinforcements posteriorly [1, 2, 12].

Fascia transversalis is the principal structure of regional stability. The opening of the deep
inguinal ring of the inguinal canal is at this level. The inguinal canal has three passages—
the deep inguinal ring situated above and laterally, the myopectineal orifice in the middle,
and the superficial inguinal ring (annulus superficialis) situated below and medially, thus
forming a chicane first described by Ombredane. Each one of these three passages plays an
important role in visceral contention. The importance of this chicane is even ameliorated by
its transverse location in space, the ectomorph (longilineal), slender individuals being more
prone to the development of inguinal hernias compared to the endomorph (brevilineal) ones,
both in males and females [1, 3, 4].
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5. The myopectineal orifice

The myopectineal orifice is bounded below by the anteroinferior part of the coccyx, the hori-
zontal part of pubic bone, lined in its upper part by the ligament of Cooper; above by the con-
joint tendon of internal oblique and transverse muscles; and medially by the lateral border of
rectus abdominis and the overlying pyramidalis muscles (Figure 1). The myopectineal orifice
is subdivided into two regions, femoral below and inguinal above by the inguinal ligament.
So, there is a relationship between direct and femoral hernia, one pushing anteriorly and the
second one inferiorly [13].

5.1. The bony construction

The inguinofemoral region is constructed at the anterior border of the iliac bone, which
presents from above to downward the anterior superior iliac spine, an unnamed notch; the
anterior inferior iliac spine, the iliopubic eminence, and the pectineal surface of the supe-
rior ramus of the pubic bone, bounded behind by the pecten of the pubis and medially by
the pubic tubercle. The pubic bone is lined in its upper part by the pectineal ligament of
Cooper [14].

The pelvic skeleton plays an important role in the occurrence of hernia by its general
morphology, besides participating in the constitution of the myopectineal orifice. As
already mentioned, ectomorph (longilineal) individuals are more predisposed to hernia

Figure 1. The myopectineal orifice: 1 = iliacus muscle; 2 = fascia iliaca; 3 = external oblique muscle; 4 = internal oblique
muscle; 5 = superior iliac spine; 6 = femoral nerve; 7 = iliopsoas muscle; 8 = pectineus muscle; 9 = rectus muscle; 10 =
internal oblique muscle; 11 = iliopectineal tract; 12 = fascia iliaca; 13 = Cooper’s ligament; 14 = pubic tubercle.
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formation. The angle of Radojevic is formed by the intersection of the line of Malgaigne
and the horizontal line uniting both the anterior superior iliac spines (Figure 2). This
angle differs between 25and 35°, the more the value of the angle, the more is the possibil-
ity of hernia formation. The distance between the superior border of pubic symphysis
and the bi-spinal line may be substituted though, for example, 6 cm of distance giving
approximately an angle of 30° [14].

5.2. Inferior attachments

These are in fact the anatomic structures on which we rely habitually for passing the sutures
while performing hernia surgery.

5.2.1. Inguinal ligament

The inguinal ligament was initially described as an autonomous ligament uniting the ante-
rior superior iliac spine to the pubic spine and winding around a center constructed by
autonomous fibers of the lower part of the external oblique muscle aponeurosis. The ques-
tion is that whether this is a true or discrete fibrous structure. The existence of the inguinal
ligament was questioned by many authors, especially by Winckler, who demonstrated that
the so-called inguinal ligament was only the inferior folded border of aponeurosis of the
external oblique muscle. It may frequently be weakened, the direction of fibers constituting
it are parallel to each other and may be frayed under the tension of sutures [15].

Figure 2. Radojevic angle.
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5.2.2. The iliopubic tract (bandelette of Thomson)

Under the name “bandelette of Thomson” is described as the fibrous structures situated pos-
terior to the lower free margin of the inguinal ligament, which are in fact the condensations
of the transversalis fascia. It is to Alex Thomson that we owe the description of this fibrous
structure. This tract is nearly parallel to the anterior aspect of the thigh. The fibers of the ban-
delette are parallel to the superior border of the anterior vascular sheath, enlarging consider-
ably posteriorly and superiorly to attach between two bundles of the ligament of Cooper on
the internal third of the crest of the pubic bone and on the lateral half of the anterior border of
the superior aspect of the body of the pubis. This bandelette, with its own fibers of the lateral
half of the iliofemoral-vascular fascia, is named the iliopubic tract (Figure 3).

For certain authors, these are the structures that we should rely on while passing the stitches
more than the inguinal ligament, such as the conception of McVay and Anson [16].

5.2.3. The annexes of inguinal ligament: Iliopectineal bandelette, ligament of Gimbernat

The iliopectineal tract extends from one-third external part of the inguinal ligament to the
iliopectineal (iliopubic) eminence of the pubic bone. This structure does not have any direct
relationship with the inguinal ligament, it is a reinforcement of the internal border of iliac
fascia, which slides under the inguinal ligament to which it closely adheres. The iliopectineal
ligament separates the two passages situated under the inguinal ligament. The femoral nerve
passes just lateral to it, whereas the femoral artery and the vein pass medially. Thus, the ilio-
pectineal ligament separates the femoral nerve from the femoral artery.

The ligament of Gimbernat is placed medial to this vascular gap.

Figure 3. Anterior border of the iliac bone: 1 =iliopectineal tract; 2 = Cooper’s ligament; 3 = iliopubic tract; 4 = Gimbernat’s
ligament; 5 = pubic tubercle.
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This ligament presents a resistant external border, important in strangulation of femoral her-
nias. Between the femoral vein and the ligament of Gimbernat, extends a fibrous layer into
which passes the lymphatics of the inferior extremities. This structure is called the femoral
septum, which in fact is the inferior expansion of the transversalis fascia [15, 16].

5.2.4. Cooper’s ligament (pectineal ligament)

The Cooper’s ligament lines the superior border of the pubic bone between the pubic spine and
the iliopectineal eminence. This ligament joins the inguinal ligament medially where it forms
the lacunar ligament of Gimbernat but diverges laterally from it when runs in a much deeper
position. The pectineal ligament is a heterogeneous structure comprising of three layers. It is
formed by a superficial fibrous layer where the vertical fibers of the aponeurosis of the pectineal
muscle and transverse fibers are running along the innominate line of the pelvis overlap. The
middle, muscular layer is formed by the fibers of the pectineus muscle. The deep layer is in con-
tinuity with the periosteum of the superior pubic ramus.

Very thick and displaying an extreme degree of mechanical resistance medially, weakens while
passing under the femoral vein. At this point, it becomes dangerous to pass stitches because of
the close relationship with the femoral vein. The sutures that are sufficiently strong, passing
from the Cooper’s ligament, placed near the contact of pubic bone may virtually lift up the
whole body. The Mc Vay procedure relies on this resistance, which automatically closes the
inguinal and femoral passages when the sutures are in place [1, 16].

5.3. Internal border of the myopectineal orifice

The rectus abdominis muscle of the abdomen, very large, superiorly narrows until 4 cm at the inferior
part just above the pubis terminating by a short tendon extending from the pubic symphysis
to the pubic tubercle. At this level, the muscle does not contain any fibrous intersections. On its
anterior face, habitually it is covered by the pyramidal muscle of the abdomen, which extends
from the middle part of the median line to the horizontal branch of the pubis. The sheath of
the rectus abdominis muscle is constituted anteriorly by the aponeurotic layers of the external
oblique, internal oblique, and transverse muscles whereas posteriorly, below the level of the arc
of Douglas, the posterior sheath consists of only the transversalis fascia, which is thickened at this
level [17].

The rectus muscle may be mobilized and lowered laterally and inferiorly either to the ingui-
nal ligament or to the Cooper’s ligament. This maneuver is facilitated by incisions of relax-
ation on the anterior face of the rectus abdominis muscle (Mc Vay incision).

5.4. Superior border

The conjoint tendon (tendo conjunctivus) is made up of the transverse fibers of the internal
oblique muscle anteriorly and the transverse muscle posteriorly extending from one-third
external part of the inguinal ligament to the anterior face of rectus abdominis muscle. This
muscle plan is fixed laterally to the iliac fascia. The muscular fibers, which are detached from
the infero-external part wrap up the spermatic cord constituting the cremaster muscles, con-
siderably thickening the origin of the spermatic cord [15].
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5.5. Weak points of the myopectineal orifice

The myopectineal orifice is subdivided by some anatomic structures, such as the inguinal
ligament, the inferior epigastric vessels, and the umbilical artery, into four regions, of which
three of them are above and one is below the inguinal ligament.

Above the inguinal ligament, inside the umbilical artery, a hernia may be present between the
posterior face of the rectus abdominis muscle and the umbilical artery. These are very rare
hernias called the internal oblique hernias.

Between the umbilical artery and the epigastric vessels, the myopectineal orifice makes a gap. The
only anatomic structure which may resist at this level is the transversalis fascia. This is the site
of direct hernia frequently seen after 50 years of age.

Outside the epigastric vessels, passes the spermatic cord where a patent peritoneo-vaginal canal
may exist, the site of development of external (indirect) hernias.

Below the inguinal ligament, between the vessels and the ligament of Gimbernat is located the
femoral weak point, where femoral hernias are encountered [18].

6. The transversalis fascia

The transversalis fascia covers the totality of the myopectineal orifice, leaving just enough
space for the passage of grand pedicles.

The transversalis fascia is not a true muscular aponeurosis, but in fact a fibrous layer situated
between the deep face of the transverse muscle to which it adheres strongly and in front of the
fatty tissue of fascia propria separating it from the peritoneal serosal layer.

The transversalis fascia is insignificant in the superior part of the abdomen, it becomes thicker
below the layer of the arc of Douglas, where it gets the qualities of a true aponeurosis. Below
the conjoint tendon level, the transversalis fascia continues to be frequently reinforced by
the arciform fibrous bands, which are parallel to the transverse muscle fibers. It occupies the
inguinal triangle of the myopectineal orifice and continues toward the posterior face of the
rectus abdominis muscle. Outside and upward it forms a fibrous layer on which the cremas-
ter muscles are attached. Likewise the deep inguinal ring is formed under which the inferior
epigastric vessels pass. The fascia transversalis attaches to the posterior border of the inguinal
ligament laterally and continues downward to form the femoral septum, and finally attaches
strongly to the deep layer of the Cooper’s ligament [16].

6.1. The reinforcements of the transversalis fascia
6.1.1. The ligament of Hesselbach

The ligament of Hesselbach or the interfoveolar ligament is a reinforcement of the trans-
versalis fascia, which makes an upward-looking curve at the inferior border of the deep
inguinal ring. Medially, it begins from the arc of Douglas, passes under the deep inguinal
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ring and ascends laterally to be vanished in the deep face of the transverse muscle toward
the anterosuperior iliac spine. The internal part of the ligament interferes with the fibrous
sheet of the epigastric vessels. The ligament stretches by the contraction of the transverse
muscle thus narrowing the deep ring of the inguinal canal opposing to the protrusion of
visceral organs. It is probably a residual muscle because it is accompanied by some muscle
fibers.

6.1.2. The ligament of Henle

The ligament of Henle is composed of fibers, which leave the external border of the rectus
abdominis muscle and cover the internal part of the inguinal ligament. It continues below by
the ligament of Gimbernat. Frequently, the ligament of Henle is not well identified. It is prob-
ably a residual muscle, like the ligament of Hesselbach [2, 15-18].

6.2. Aponeurotic layer of the external oblique muscle

The external oblique muscle extends from the posteroinferior costal intersections to the
anterosuperior iliac spine. At the inguinal level, the muscle is represented only by an apo-
neurotic layer, which by its inferior border constructs the inguinal ligament extending from
the anterosuperior iliac spine to the pubic spine. The fibers which are attached to the pubic
spine are thicker and they form the lateral edge of the superficial ring of the inguinal canal
(lateral crus). Other fibers, separated from the lateral edge of the superficial ring attach to
the pubic symphysis and even transverse the midline. This is the internal edge or the medial
crus. Between these two pillars opens the superficial orifice (superficial annulus) into which
passes the spermatic cord.

Incisions performed in the direction of fibers of this aponeurosis of external oblique a little
above the level of inguinal ligament and opening the superficial inguinal ring is indispensable
for anterior approach of myopectineal orifice and the spermatic cord. The during hernia cure,
the closure of the external oblique aponeurosis in front of the spermatic cord reestablishes the
inguinal chicane. Certain authors (Jaboulay) place the sutures of external oblique aponeurosis
in retrofunicular position, leaving likewise the spermatic cord under the skin [3, 16].

6.3. The skin and the subcutaneous tissue

The subcutaneous fascia of Camper lies in front of the external oblique aponeurosis, which is a
lamellar organization of adipose tissue forming the suspensor ligament of penis in the midline.

In the same adipose tissue is found the superficialis fascia, which sometimes may be well
organized to be mistaken as external oblique aponeurosis. Between the subcutaneous fascia
and the superficialis fascia, an arterial network made up of small branches of arteries and
specially, a venous network which converges toward the saphenous vein are present.

6.4. Posterior structures: Fascia propria, prevesical umbilical aponeurosis, peritoneum

The transversalis fascia layer is separated from the peritoneum by an adipose space, more
or less thicker depending on the individual. This layer extends laterally to the Retzius space.
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This space which is opened during the incision of the transversalis fascia above the Cooper’s
ligament is called the Bogros’s space (Figures 4, 5). This space contains bulky anastomotic
veins between the external iliac vein and the inferior epigastric vein. Hemorrhages during
the dissection of this area may be quite difficult to control. The arteries named “corona mor-
tis” may follow the ligament of Cooper posteriorly, which may be a cause of hemorrhages
[3, 13, 19].

On the midline, the adipose tissue may hide the superolateral part of the urinary bladder,
which may be engaged in a direct hernia or a femoral hernia.

Posterior to the fatty layer on the midline suspends the residual cords of ourach, in gen-
eral well identified on the one-third inferior part, but tapering toward the umbilicus and the
umbilical artery (corda arteria umbilicalis), which is located just lateral to it. These structures
converge toward the umbilicus and unite by an aponeurosis called the umbilico-prevesical
aponeurosis.

The parietal peritoneum covers these structures to form three fossae, which are important in
the laparoscopic or the posterior approach of the groin region.

Between the ourach and the umbilical artery, the “internal inguinal fossa” where very rare
internal inguinal hernias may occur; between the umbilical artery and the epigastric vessels
or the “middle inguinal fossa” (fovea inguinalis medialis) where direct inguinal hernias may
occur; and finally lateral to the epigastric vessels the “external inguinal fossa” (fovea inguina-
lis lateralis) where indirect inguinal hernias may occur.

Figure 4. Mesh placement in preperitoneal space by anterior approach.
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Figure 5. Closure of transversalis fascia after mesh placement in the preperitoneal space.

7. Vascularization

The vascularization of the superficial layers is abundant, which is supplied by the ramifica-
tion of the superficial iliac circumflex vessels and the superficial epigastric vessels. The veins
in the subcutaneous adipose tissue are particularly abundant. They join the saphenous vein
inferiorly.

The lymphatic drainage of the anterolateral abdominal wall, the umbilical region, and some-
times even the mammary glands is toward the inguinal ganglions. This fact may explain
some minimal lymphatic infections, which may be encountered after surgical cure of inguinal
hernia.

The arterial blood supply of deep layers emerges from the deep circumflex iliac artery, the epi-
gastric artery, and its branches, obturatrice-epigastric anastomoses connected to the descend-
ing branch of the epigastric artery, which follows the posterior face of the rectus abdominis
muscle below the arc of Douglas.

The vascularization at the femoral level is reassured by the external pudendal arteries emerg-
ing from the femoral artery which are directed toward the internal and superior thigh, scro-
tum, or the labium majus.
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The inferior epigastric vein, which is separated internally from the inferior epigastric artery
before joining the femoral vein forms a unique trunk of about 3 cm. The femoral vein consti-
tutes the principle surgical danger in this region [4, 12, 15].

8. Innervation

Numerous nerves exist in the inguinofemoral region. Their injury or capture between the
sutures explains the relative frequency of the extremely invalidating postoperative pain. The
reoperations or the attempt of neurolysis do not always ameliorate the situation. The two
principle nerves of the region are the abdominogenital and the genitofemoral nerves.

8.1. Abdominogenital nerves

Iliohypogastric and ilioinguinal nerves arise from the lumbar plexus (level L1), follow a
path between the external oblique and transverse muscles. Both nerves arrive the inguinal
region just inside the anterosuperior iliac spine, they pierce the internal oblique muscle
and follow a course parallel to the superficial fibers of the conjoint tendon. The anasto-
motic branches may exist between the two nerves. The ilioinguinal nerve, following the
anterosuperior part of the spermatic cord, exits through the superficial inguinal ring and
descends to the testicles. It supplies somatic sensation to the skin of the upper and medial
thigh and innervates the base of the penis and labium majus in females. The nerve or one
of its branches may be injured or entrapped between the sutures during hernia surgery
[2, 4, 13].
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Figure 6. Inguinal anatomy anterior view.
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8.2. Genitofemoral nerve

The genitofemoral nerve arises from L1-L2, follows the sheath of the psoas muscle, and
divides into two branches. The femoral branch courses along the femoral sheath, descends
to the thigh, supplying the skin of the upper anterior thigh. The genital branch reaches the
spermatic cord at the level of the deep inguinal ring, lateral to the inferior epigastric vessels.
During the dissection of the upper part of the spermatic cord, this nerve may be injured.
Below, the nerve follows the inferior and deep part of the spermatic cord and finally gives
branches to genital teguments. It may be injured during the dissection of the hernia sac or
the cremaster muscle, which itself is innervated by the nerve [2, 4, 13].

8.3. Other nerves of the region

The lateral femoral cutaneous nerve, the femoral nerve, and the obturator nerve are excep-
tionally injured during hemostatic maneuvers in the adipose tissue of the space of Bogros.
The lateral femoral cutaneous nerve arises from L2-L3, emerges lateral to the psoas mus-
cle toward the anterior superior iliac spine. It then passes inferior to the inguinal ligament
(Figure 6) [2, 4, 13].

9. The Nyhus classification system

The Nyhus classification categorizes hernia defects by location, size, and type [1].

Type I is an indirect hernia, the internal abdominal ring is normal, seen typically in infants,
children, and young adults.

Type Il is an indirect hernia, the internal ring is enlarged without impingement on the floor of
the inguinal canal, which does not extend to the scrotum.

Type IIIA is a direct hernia, of which the size is not taken into account.

Type IIIB is an indirect hernia that has enlarged enough to encroach upon the posterior ingui-
nal wall. The indirect sliding, pantaloon, or scrotal hernias are usually placed in this category
because they are commonly associated with the extension to the direct space.

Type IIIC is a femoral hernia.

Type 1V corresponds to recurrent hernia, modifiers A-D are sometimes added, which corre-
spond to indirect, direct, femoral, and mixed, respectively.

10. Surgical approaches

10.1. Inguinal incision

Inguinal incision is placed on the half-distance between the external border of the rectus
abdominis muscle and the inguinal ligament. This incision may equally be made 2 cm above
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the line of Malgaigne. The inguinal incision permits the surgical treatment of all the varieties
of inguinal or femoral nonstrangulated hernias. Likewise, the hernia sac is approached on the
level above its collar. This approach is used in several operations, such as Mc Vay, Bassini,
Shouldice, Lichtenstein, and so on (Figures 6 and 7).

10.2. Vertical approach

Vertical approach is frequently used for femoral hernias. The incision is traced internal to
the femoral vessels, which ascend a couple of centimeters above the inguinal ligament. The
approach to the inguinal ligament, which may eventually be sectioned, or the Cooper’s liga-
ment is possible with this incision, which is the incision of choice for strangulated femoral

Figure 7. Lichtenstein’s operation.
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hernias. Direct approach of the hernia sac and verification of its contents and their reintegra-
tion in the abdominal cavity are possible.

10.3. Inguinal horizontal approach

The inguinal horizontal approach is comparable to the horizontalized Mc Burney incision,
which gives rise to the direct approach of the peritoneum and dissecting the peritoneum infe-
riorly, the origin of the hernia sac may be identified facilitating its simple ligation without
dissecting the spermatic cord. This approach is recommended in infants where the testicular
pedicle is particularly fragile.

10.4. Infraumbilical extraperitoneal median incision

This longitudinal incision, after a blunt lateral dissection of preperitoneal space, makes it
possible to see till the iliac vasculature. Likewise, the treatment of bilateral inguinal hernias is
possible by ligation and section, to mobilize and dissect the spermatic cord and to place a syn-
thetic mesh between the posterior face of the muscles and the peritoneum. This incision was
introduced by Stoppafor the treatment of bilateral recurrences of inguinal hernias [20, 21].

10.5. Laparoscopic approach

The laparoscopic approach to hernia repair provides a posterior perspective to the peritoneal
and preperitoneal spaces. The parietal peritoneum covers the deep layer of the abdominal
wall above the inguinal ligament. On the midline suspends the residual cords of ourach or
the median umbilical ligament which extends from the fundus of the bladder to the umbilicus.
Corda arteria umbilicalis or the medial umbilical ligament, which covers the distal portion of the
umbilical artery, is located just lateral to the precedent. The lateral umbilical ligament is the fold
of peritoneum around the epigastric vessels.

These folds delineate three shallow fossae on either side of the midline: Supravesical, medial,
and lateral fossae. Very rarely, internal inguinal hernias may occur in the supravesical fossa.
The medial fossa is the region where direct hernias are encountered. The lateral fossa which
lies lateral to the inferior epigastric vessels corresponds to the deep inguinal ring, the location
of indirect hernias. Bogros’s preperitoneal space, which contains preperitoneal fat and areolar
tissue, is situated between the peritoneum and the posterior lamina of the transversalis fascia.
The medial aspect of this space which corresponds to the superior region of the bladder is
known as the space of Retzius.

The Cooper’s ligament is viewed roughly in a horizontal direction. The bandelette of Thomson
may be visualized in thin individuals after mobilization of the peritoneum.

The vascular space is situated between the posterior and anterior laminae of the transversalis
fascia, and it houses the inferior epigastric vessels. The inferior epigastric artery supplies the rec-
tus abdominis. It is derived from the external iliac artery, and it anastomoses with the superior
epigastric, a continuation of the internal thoracic artery. The epigastric veins course parallel to
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the arteries within the rectus sheath, posterior to the rectus muscles. Inspection of the internal
inguinal ring will reveal the deep location of the inferior epigastric vessels.

The nerves pass from under or through the bandelette of the Thomson lateral to the external
inguinal fossa and the spermatic vessels. The nerves of interest in the inguinal region are the
ilioinguinal, iliohypogastric, genitofemoral, and lateral femoral cutaneous nerves.

The preperitoneal anatomy seen in laparoscopic hernia repair led to the characterization of
important anatomic areas of interest, known as the “triangle of doom,” the “triangle of pain,”
and the “circle of death.”

The triangle of doom is bordered medially by the vas deferens and laterally by the vessels of the
spermatic cord, the summit of the triangle corresponding to the deep inguinal ring. The con-
tents of the space include the external iliac vessels, the deep circumflex iliac vein, the femoral
nerve, and the genital branch of the genitofemoral nerve.

The triangle of pain is a region bordered by the iliopubic tract above and the gonadal ves-
sels below. The lateral femoral cutaneous, femoral branch of the genitofemoral, and femoral
nerves may be injured in this region.

The circle of death (corona mortis) refers to the anastomotic branches of vasculature in this
region formed by the common iliac, internal iliac, obturator, inferior epigastric, and external
iliac vessels.
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Abstract

Abdominal wall hernias are usually suggested by the patient’s history and confirmed by
physical examination; however, the history may be not typical, especially in patients with
abdominal pain, distention, and overweight patients or in patients with small hernias
located in unusual sites. Although most abdominal hernias are asymptomatic, the fear
of developing complications like irreducibility, incarceration, and strangulation may
necessitate prophylactic surgical repair; thus, early and accurate diagnosis is important.
Before 20 years, herniorrhaphy was considered for imaging of hernias; however, in recent
years, computed tomography (CT) (especially multidetector CT (MDCT)), together with
ultrasound represented the mainstay of the diagnosis of abdominopelvic wall hernias
by imaging, and magnetic resonance imaging (MRI) could be used as a diagnostic aid in
a minority of the cases. Each imaging modality has its own privilege. The main advan-
tage of ultrasound is the dynamic ability for assessment, while the main advantage of
computed tomography is the multiplanar reformatting, allowing identification and
accurate diagnosis of the hernia type, its content, and also the associated complications.
Radiologists should be familiar with common sites of hernias and their detailed normal
anatomy in order to reach the diagnosis easily.

Keywords: hernia, ultrasound, imaging, abdominal wall, strangulation

1. Introduction

Abdominal wall hernias are mostly diagnosed by typical history and clinical examination; how-
ever, in some cases, the history is not typical, especially in patients with marked abdominal
distention, and overweight patients or in cases of occult hernias. Although most abdominal
hernias are asymptomatic, the fear of developing complications like irreducibility, incarcera-
tion, and strangulation may necessitate prophylactic surgical repair; thus, early and accurate
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diagnosis is important. Before 20 years, herniorrhaphy was considered for imaging of hernias;
however, in recent years, computed tomography (CT) (especially multidetector CT (MDCT)),
together with ultrasound represented the mainstay of the diagnosis of abdominopelvic wall
hernias by imaging, and magnetic resonance imaging (MRI) could be used as a diagnostic
aid in a minority of cases. Each imaging modality has its own privilege. The main advantage
of ultrasound is the dynamic ability for assessment, while the main advantage of computed
tomography is the multiplanar reformatting [1, 2, 3], allowing identification and accurate
diagnosis of the hernia type, its content, and also the associated complications. MDCT tech-
nology also has the benefit of fast acquisition times, which reduces motion artifact, such as
those related to bowel peristalsis and respiration. MDCT also has the postprocessing ability
to manipulate the data to create three-dimensional surgical planning models [4]. Radiologists
should be familiar with common sites of hernias and their detailed normal anatomy in order
to reach the diagnosis easily [5] (Figures 1, 2).

The absence of a reducible mass or a palpable defect does not rule out the presence of hernia.
The term “hidden hernia” describes the situation when physical examination fails to demon-
strate a palpable defect or a reducible mass, but the hernia sac is identified on surgical explo-
ration [6]. The role for diagnostic imaging is to support clinical suspicion. Another important
issue is to distinguish other lesions mimicking hernias, like desmoid tumors in the abdom-
inal wall, seromas, abscesses, and hematomas. In inguinal region, abscesses, lipomas, and
encysted hydrocele of the spermatic cord represent the most common lesions which could be
put in the differential diagnosis of masses seen in the common sites of inguinal region her-
nias. In the next few pages, we will discuss our experience in imaging of the common hernias
which we confront in practice.

Figure 1. Normal appearance of the umbilicus by ultrasound, short axis.
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Figure 2. Normal appearance of the linea alba by ultrasound, long axis.

2. Inguinal hernia

Patients are usually diagnosed clinically, and most of the cases are operated without referral
for imaging. There are two common types, direct and indirect; both are related to the inguinal
ligament. By ultrasound, the inguinal ligament is seen as a dense echogenic line, and followed
inferomedially, till the pubic region. The differentiation between direct and indirect inguinal
hernias is by the relation of the hernia sac to the inferior epigastric artery where the more
common indirect inguinal hernia lies lateral to it. The sac of the less common direct inguinal
hernia lies medial to the inferior epigastric artery. The appearance of hernia sac is variable,
and the defect of the hernia sac ranges from 0.2 to more than 3 cm and reaching 4 cm in some
cases. The advantage of ultrasound over computed tomography lies mainly in the ability to
perform a dynamic scan. A linear transducer (10-15 MHZ) is used to scan the inguinal region.
If the sac is clear from the beginning of the scan, provocative tests could be excluded; other-
wise, the simple use of Valsalva maneuver is recommended as a first-line dynamic maneuver,
and the size of the defect is measured before and after the maneuver. The second provoca-
tive test is simple standing for 30 s, again the size of the defect is measured before and after
standing (Figure 3 (A), (B)), and the third test is to let the patient walk steadily for 2 min and
then examine the patient in the standing position before lying supine (Figure 4 (A), (B), and
(O)) (Table 1). The relatively echogenic edge of the sac is easily identified, and the content is
usually fat, or omentum, less commonly bowel (Figure 5), or a mix of all these. The relation to
spermatic cord has to be determined. Irreducibility has to be reported if present. It is always
recommended to examine the asymptomatic side (Figure 6). The examination should extend
to include the scrotal sac in male patients, to assess the extension of the sac, and to detect
associated hydrocele. Color Doppler is occasionally used to see the vascularity and hence to
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RIGHT x'.;: —STANDING

Figure 3. (A) Ultrasound right indirect inguinal hernia, sitting position. (B) Ultrasound right-sided indirect inguinal
hernia standing.

indicate viability of the contents inside the sac. Care must be taken not to press too much with
the transducer, because this may reduce small hernias (Table 2).

On computed tomography, the deep inguinal ring, is lateral to the inferior epigastric artery.
The indirect inguinal hernia passes from lateral to medial, along the canal, and the neck is
lateral and above the inferior epigastric vessels. The direct inguinal hernia enters the canal
medial to the deep inferior epigastric artery, through Hesselbach’s triangle, superior to
inguinal ligament. The inferior epigastric and femoral vessels, are of key importance when
diagnosing inguinal hernias as mentioned before in contrast to enhanced CT discriminating
between direct and indirect hernias[4].
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LEFT INGUIN AREA STANDING

Figure 4. (A), (B), (C) inguinal hernia with provocative tests.

1- Valsalva maneuver
2- Standing and supine position

3- Provocative walking

Table 1. Dynamic maneuvers used for ultrasound of the inguinal hernia.
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Figure 5. Right inguinal hernia with bowel content.

B
Fra 10.0 MHz

Figure 6. Comparison of the normal right inguinal hernia, to the left side of the inguinal canal with indirect inguinal
hernia.

Transducer: linear, 10-15 MHZ

® Check type, and relation to the inferior epigastric vessels (direct, indirect)
* Size of the defect

¢ Hernia sac content

* Compare both sides

Table 2. Checklist of ultrasound exam inguinal hernias.
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3. Umbilical hernia

Acquired umbilical hernia is usually associated with multiparty and increased body mass
index. Commonly, the patient is referred to ultrasound if the hernia is not obvious clini-
cally, due to its dynamic and real-time capabilities, and ability to compare both sides of the
abdominal wall. It is important for the radiologist to assess the hernia orifice and size of the
defect (Figure 7). In small-sized hernias, contents of the hernia sac are usually only omental
fat (which appears slightly hyperechoic); however, intestinal loops may be present in larger
size umbilical hernias, and it could be easily identified by the appearance of dirty shadow-
ing of gas and peristaltic movement (Figure 8). Color and power Doppler could be used to
assess its viability. The use of Valsalva maneuver has been described for both ultrasound and
computed tomography [7], and in our center, this is done in the supine position. Operator
dependence and long learning curve are drawbacks for ultrasound scanning. Differentiation
between true hernia and other masses like desmoid tumors, or collections whether inflamma-
tory like abscesses or noninflammatory like seromas located in the paraumbilical region, is
detected by both ultrasound and computed tomography.

Small hernias could be assessed by a linear transducer 10-15 MHZ, while larger size umbili-
cal hernias with large-sized defect should be assessed by a curvilinear transducer 7-15 MHZ.
The diagnostic yield of the ultrasound decreases with large-sized hernias; hence, it is rec-
ommended in this case to refer to multidetector computed tomography, where sagittal and
axial reconstruction could add some information in addition to axial sections. The presence
of the surgeon or the referring physician at the time of scanning is suggested to facilitate
diagnosis.

Figure 7. Clear defect of hernia orifice, umbilical hernia.
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Figure 8. Umbilical hernia with intestine.

4. Epigastric hernia

It occurs in the midline above the umbilicus till the xiphisternum. Diastasis of the rectus
abdominis muscle often predisposes to epigastric hernias and fatty hernia of the linea alba.
Defects are usually small sized, and the content is almost always fat [8]. They have to be dif-
ferentiated from other causes of epigastric pain. They could be confused with paraumbilical
hernia/swelling if they are near to the umbilicus. The defect is usually small (less than 1 cm)
and appears as a hypoechoic interruption of the echogenic linea alba (Figure 9).

Figure 9. Midline epigastric hernia.
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5. Spigelian hernia

It is named after the anatomist (Adriaan van der Spieghel) and is a rare lateral abdominal
wall hernia. Most of these hernias have narrow neck and wide fundus, hence predisposing
to irreducibility, incarceration, and strangulation [9] (Figure 10). Spigelian hernias are com-
mon in obese women, and clinical diagnosis is difficult. The hernia classically occurs caudal
to the umbilicus but cranial to the junction of the linea semilunaris and the inferior epigastric
vessels. Spigelian hernias traverse through the full thickness of the abdominal wall muscles
[4]. Before three decades, herniorrhaphy (using contrast) was the mainstay for radiological
diagnosis; however, in the last few years, the use of ultrasound has become much increased,
with the capability of dynamic scanning and comparison to the asymptomatic side. A linear
transducer (10-15 MHZ) is usually used for scanning; however, in obese patients, a curvi-
linear transducer (2-7 MHZ) is used. The use of color Doppler is helpful in the diagnosis
of serious complications and incarceration and strangulation by checking the viability of
the intestinal loops [8]. The second choice for diagnosis in modern imaging is computed
tomography which displays excellent anatomy of the abdominal wall, especially with mul-
tidetector modern scanners; however, the risk of radiation makes it the second choice after
ultrasound. An important point in either ultrasound or CT is the ability to identify the her-
nia orifice at the junction of the semilunar line and the semicircular line. It is important to
establish a confident relationship between the radiologist and the surgeon in diagnosis of
this type of hernia, as a number of cases of Spigelian hernia are falsely negative on radiologic
investigation.

Figure 10. Ultrasound Spigelian hernia.
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6. Femoral hernia

It is a rare hernia that is more common in females, likely attributed to increased intrapelvic
pressure. A linear transducer of 10-15 MHZ is used, and scanning begins by identifying the
echogenic inguinal ligament, then sweeping the probe inferomedially to identify the common
femoral vein (Figure 11), where the usual site of hernia defect is medial to it. The importance
of early diagnosis lies in the small size of the hernia sac of this type of hernia, making it prone
to higher incidence of serious complications like strangulation. The differentiation of femoral
hernia from direct and indirect inguinal hernias is not easy from the clinical point of view,
and in this moment, the use of cross sectional imaging tool like CT is much more useful. On
CT, the sac of an incarcerated femoral hernia lies lateral to the pubic tubercle, while the sac
of the inguinal hernias is usually located medial to the pubic tubercle. Compression of the
femoral vein within the canal is an important sign which could be demonstrated by both CT
and ultrasound [10].

Figure 11. Left femoral hernia, note the sac is medial to left common femoral vein.

7. Obturator hernia

It is a rare type of hernia that is related to the obturator foramen and is associated with high
risk of complications, hence, high morbidity. Referral for imaging is usually due to unex-
plained groin pain. On computed tomography, the hernia sac protrudes through the obtura-
tor foramen and lying between the obturator externus muscle from the posteromedial aspect
and the pectineus muscle from the antero-lateral aspect [11].
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8. Incisional and Para-stomal hernias

It is an important type of hernia that is related to the surgical incision or laparoscopy stomas.
They are commonly associated with vertically oriented incisions and less frequently with
transverse incisions. They could also occur with laparoscopy port sites. Para-stomal hernias
are incisional hernias that occur around a stoma [4]. Incisional hernias are associated with
high rate of postsurgical complications, with or without weakness of the abdominal wall
muscles. The prognosis of the incisional hernia is highly related to how much of the thick-
ness of the abdominal wall is involved by the hernia. Diagnosis could be done by ultrasound
especially with the use of dynamic maneuvers; however, in cases of recurrent large incisional
hernias, we recommend the use of CT as the edge of the hernia orifice may appear beyond the
scope of the curvilinear abdominal low-frequency ultrasound probe. Also in cases of lateral
incisional hernias (especially subcostal type), better localization of the hernia orifice is made
by the modern multislice CT scanners, using the coronal and sagittal reconstruction.

9. Role of imaging in complications of hernias and postoperative period

Complications of hernias include irreducibility (Figure 12), obstruction, incarceration (Figure 13
(A) and (B)), and strangulation. Differentiating irreducibility from incarceration in terms of
imaging is important. In our experience, simple failure of the hernia sac contents to reduce

Figure 12. Irreducible umbilical hernia.
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back into the sac after provocative tests should be defined as irreducibility, while presence of
adhesion in addition to irreducibility signifies incarceration, and the addition of impedance of
the vascular supply to the contents which are usually bowel loops signifies “strangulation.”
The use of color Doppler in diagnosing vascular compromise should be taken with caution, as
the absence of positive vascularity may not be always associated with strangulation, and the
presence of positive blood flow within the loops does not exclude strangulation. Vascular com-
promise is rather suggested by indirect signs of like thickening of the bowel wall, and presence
of fluid inside the hernia sac.

Clinical evaluation of recurrent hernias is usually limited due to the existence of mesh (made of
nonabsorbable material), and tissue fibrosis or large body habitus, contraction of the abdomi-
nal wall muscles, or any cause of distension. Under these circumstances, we usually resort to
multi-detector row computed tomography for proper diagnosis. Complications after surgical
hernia repair may comprise high percentage of cases, depending on surgical technique and
the status of the hernia sac vasculature. Approximately one-half of these complications may
require surgical re-intervention, and accurate diagnosis at multi-detector row CT is neces-
sary for optimal patient treatment [2]. Assessment of the herniectomy site includes assessing
the wound area for any collections, hematoma, seroma (Figures 14 and 15), stitch abscess,
and recurrence. It is important to compare to the asymptomatic side and to assess the size
of any collection present. Follow-up may be necessary for some complications such seroma,
which have high rate of recurrence even after ultrasound-guided aspiration. The assessment
of inserted mesh includes assessment of the edge and competence of the mesh, detecting any

A)

Figure 14. Seroma postinguinal hernia repair.
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Figure 15. Seroma postumbilical hernia repair.

surrounding collections, and to exclude mesh failure, this is usually associated with dense
posterior shadowing.

10. Magnetic resonance imaging.

The use of magnetic resonance imaging was recently suggested for occult inguinal hernias
[12]. It may be considered as the alternative imaging of choice, only if ultrasound and com-
puted tomography failed to answer the question about the suspected hernia site. Magnetic
resonance imaging is an important multiplanar imaging, however, its use is only resorted
to, only after other cheaper and more available imaging modalities, like ultrasound and
CT [9].
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Chapter 4

Abstract

The incidence of inguinal hernias in various age groups of children ranges from 0.8 to
4.4%. Pediatric indirect inguinal hernia is congenital, originating in the patent processus
vaginalis. The inguinal hernia repair is one of the most common pediatric operations.
The traditional high hernia sac ligation is the primary treatment for younger patients
from 1 to 13 years of age and can correct the condition. The authors performed the high
ligation of the hernia sac by the laparoscopic approach for the patients under 13 years old
and achieved good therapeutic results in the last 10 years. However, through our clini-
cal study, the authors found that the simple high ligation of hernia sac is inadequate for
patients from 13 to 18 years of age, who had a longer medical history, larger diameter
of the internal inguinal ring, and more serious defects of the transverse fascia. Pediatric
inguinal hernias are prone to postoperative recurrence if the patients were only treated
with the high ligation of hernia sac. To repair the transverse fascia and strengthen the
posterior wall of the inguinal canal, Lichtenstein hernioplasty with a biological patch was
performed for the patients from 13 to 18 years in the authors’ department. The aims of
this chapter are to narrate the individualized treatment of inguinal hernia in children and
try to provide relatively reasonable operative methods.

Keywords: hernia, inguinal, children, herniorrhaphy, laparoscopic, biological patch,
individualized

1. Introduction

The incidence varies from 0.8 to 4.4% for inguinal hernia in children less than 18 years [1]. A
unilateral hernia is approximately 85% of children with an inguinal hernia. The incidence of
incarceration ranges from 6 to 18% for the untreated hernias in infants and young children,
but it is about 30% in infancy [2]. A surgical intervention for inguinal hernia is one of the most
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common operations performed in children [3]. The individualized treatment program was
established for pediatric inguinal hernia in the authors” department and provided a relatively
reasonable surgical treatment. This chapter was mainly to describe the individualized treat-
ment program applied to pediatric inguinal hernia.

2. Etiology

Indirect inguinal hernias in children are basically caused by embryologic development,
which is mainly composed of patency of processus vaginalis (Figure 1). At the early stage
of gestation, the testes begin to descend from retroperitoneum and remain at the level of
the internal inguinal rings as the kidney ascends into its usual position. The final descent of
testes into the scrotum through canalis inguinalis occurs between gestation weeks 28 and
36 [4], combining peritoneum, transversalis fascia, and abdominal wall muscles. The tes-
tes descent is “guided” by the gubernaculums. Descending peritoneum ultimately forms
the processes vaginalis, and the distal portion of the processus vaginalis wrapped around
the testes becomes the tunica vaginalis. In the normal development, the processus vaginalis
closes between 36 and 40 weeks of gestation or even shortly after birth [5]. The rate of patency
is inversely proportional to the age of children, approximately 80% close to 2 years of age [4].
The left testis descends before the right one and the closure of the patent processus vaginalis
on the left also precedes closure on the right, therefore, indirect inguinal hernia occurs more
on the right side.

Though the embryology has been widely described, the cell-molecular mechanism is still
unclear. Inguinal hernias most probably are inherited [6]. Zhang et al.'s [7] team have
found that the functional sequence variants of some genes may be a risk factor for indi-
rect inguinal hernia, such as gene TBX1, gene TBX3, gene SIRT1, and gene GATA6. These
variants may affect the differentiation and proliferation of human skeletal muscles and
fibroblasts [7-10].

vas deferens

prosessus
vaginalis

vaginalis
hernia sac

Figure 1. (a) Congenital indirect inguinal hernia and (b) acquired indirect inguinal hernia.
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3. Clinical manifestation

A reducible bulge or mass in the inguinal region or unilateral or bilateral enlargement of the
scrotum (Figure 2a and b) is the main diagnostic finding in most groin hernias. These symp-
toms can occur when abdominal pressure increases, such as while standing, coughing, crying,
constipation, and playing, and disappears when patients lie down or fall asleep. Children less
than two years of age will express themselves only by crying and screaming, so if children
continue crying without obvious reasons, groin hernia should be considered.

There may be associated pain or vague discomfort in the region. Groin hernias are usually
not extremely painful unless incarceration (Figure 2c) or strangulation has occurred [11]. The
bowels inside the hernia sac being incarcerated or strangulated may cause intestinal obstruc-
tion, and the testis may turn red gradually. At this time, the spermatic cord is oppressed
and the testicle may be diagnosed with ischemic necrosis. As the age increases, the size of
hernia sac will gradually increase. The falling bowels pull down the mesentery and cause not
only abdominal pain, nausea, and other gastrointestinal symptoms but also walking incon-
venience. In addition, the spermatic cord being pressed continuously by the hernia sac will
cause spermatic vessel reflux disorder and blood supply reduction as well as spermophlebec-
tasia and testicular atrophy.

Figure 2. Pediatric hernias. (a) Right inguinal hernia, (b) bilateral inguinal hernia, (c) incarcerated left inguinal hernia.

4. Physical and accessory examination

The inguinal region is examined with the child in the standing position or with the infant held
in the vertical position by parents. The examiner visually inspects and palpates the inguinal
region, looking for asymmetry, bulge, or a mass [11]. Having the patient cough or cry can
facilitate in the identification of a hernia. The examiner puts a fingertip into the external ingui-
nal ring by invaginating the scrotum to detect a small inguinal hernia. If a bulge moves from
lateral to medial in the inguinal canal, an indirect hernia is suspected. A bulge progressing
from the deep to superficial through the inguinal floor suggests a direct hernia [11].
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Ultrasound is very useful in the diagnosis, which can avoid the adverse effects of radiation in
CT on children’s development. There is a high degree of sensitivity and specificity for ultra-
sound in the detection of occult hernias [11]. An ultrasound can determine the hernia sac, the
defect, the hernia contents (the bowel, the omentum, or the bladder), and complications such
as hydrocele, guiding the surgical treatment.

5. Diagnosis and differential diagnosis

The diagnosis of inguinal hernia in children is mainly suggested by the history of the bulges
or masses in groin area, usually found in children crying or regular physical examination. For
slightly older children, blowing bubbles, tickling them to make them laugh, or having them
blow up balloons (e.g., examination gloves) will increase intra-abdominal pressure and the
hernias may appear. When they are in supine position, the bulges or mass may reduce by
itself or by hands, which is called reduction.

For typical cases, it is generally not difficult to make the diagnosis, while for the unclear ingui-
nal abnormalities, doctors can combine with the results of ultrasonic testing or further exami-
nation just like CT or MRI if it is necessary. Mainly depending on the different degree and
level of processus vaginalis obliteration failure, these methods may help to find the abnormal-
ity of inguinal canal, including various types of hydrocele (communicating, non-communicat-
ing, funicular), spermatic cord cyst in males, hydrocele of the canal of Nuck in females, cyst
of the round ligament of uterus, and indirect inguinal hernias [12]. Communicating hydro-
cele results from the patent processus vaginalis throughout its length. The fluid collection
communicates with the peritoneal cavity and the scrotum. Non-communicating hydrocele
happens at the time processus vaginalis obliterates and some fluid accumulates between the
cavities of the tunica vaginalis enclosing the testis. Spermatic cord hydrocele results from
an abnormal closure of the processus vaginalis, leading to fluid accumulation alongside the
spermatic cord, which is separated from and located above the testis. A transillumination test,
an ordinary means to distinguish the hydrocele and hernia, is widely used in clinical works.
The scrotum is exposed in a dark room with a flashlight under it. If it contains fluid, light is
allowed to go through. When it is opaque, a hernia will be detected. Hydrocele and cyst of
the canal of Nuck are caused by the incomplete obliteration of the processus vaginalis in girls,
which is unusual. The hernia of the canal of Nuck is also an uncommon condition in females,
which is homogenous to the indirect inguinal hernia in males. The distinction of these abnor-
malities, facilitating diagnosis for early surgical intervention, needs to be paid much attention
in specific conditions.

6. Treatment

6.1. Indications for surgery

The processus vaginalis is a finger-like projection of peritoneum that typically closes between
the 36th and 40th week of gestation. It is thought that 40% closes in the first few months
after birth and an additional 20% by the age of 2 [4]. Congenital inguinal hernia is a common
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malformation in children that requires operative treatment [13]. Surgery is indicated for all
pediatric patients in whom the diagnosis of inguinal hernia has been made. The hernia in
infants younger than 6 months should be operated as soon as possible due to high incidence
of incarceration. Surgical treatment can be booked selectively for older children with few
symptoms [14, 15]. Surgical procedure is provided for inguinal hernia to avoid the complica-
tions such as incarceration and obstruction, potentially resulting in ischemia/necrosis of the
hernia contents and surrounding cord structures. In females, it is also possible that torsion/
ischemia of the ovary can happen [16, 17].

Repair of inguinal hernias is one of the most common pediatric surgical procedures. Indirect
inguinal hernias are congenital in origin due to a patent processus vaginalis. In recent years,
with the development of materials technology and minimally invasive surgical techniques,
surgical treatments of inguinal hernia in children were transitioned from the traditional open
surgery to the laparoscopic high ligation of hernia sac and the use of biological patch in open
surgery. The different techniques have their own indications and advantages. The authors
carried out the individualized treatment of inguinal hernia in children, receiving significant
clinical results.

The high hernia sac ligation is the primary treatment for younger patients from 1 to 13 years
old. These patients had shorter medical history, smaller diameter of the hernia ring, and less
serious defects of the transverse fascia or the inguinal canal posterior wall, therefore, the tra-
ditional high ligation of hernia sac can correct the condition. In the last 10 years, the authors
have performed laparoscopic hernia sac ligation for the patients younger than 13 years old
and have obtained satisfactory results.

According to the results of our clinical study [18], the authors found that the simple high
hernia sac ligation is inadequate for adolescents (13 to 18 years old) with a longer medical
history, larger diameter of internal inguinal ring, and more serious transverse fascia defects.
The inguinal hernia treated with simple high hernia sac ligation in adolescents is prone to
postoperative recurrence; therefore, the procedure, similar to the treatment of adult inguinal
hernia, should be taken, for example, repairing the transverse fascia and strengthening of the
posterior wall of the inguinal canal.

The therapy for pediatric inguinal hernia was carried out by the individualized treatment
program in authors’ department, which can provide a relatively reasonable surgical treat-
ment. Individualized treatment programs consisted of three kinds of surgical procedures as
described below.

6.2. Modified open pediatric inguinal hernia repair

The etiology of pediatric inguinal hernia is a patent processus vaginalis; therefore, inguinal
hernias were generally repaired with open simple high ligation of the hernia sac for the patient
younger than 13 years. The traditional open technique with high ligation of hernia is the clas-
sic surgical treatment method for pediatric inguinal hernia. An inguinal approach is taken for
the traditional open technique of inguinal hernia repair. A 3—4-cm-long inguinal incision is
made on the same side as the inguinal hernia that is to be corrected. The procedure includes
the slit of external oblique aponeurosis, the isolation of the hernia sac from the surrounding
cord structures which consist of the cremasteric muscle, vas deferens, and the testicular vessel
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surrounding the ligament. A high ligature is located on the proximal separated sac. The distal
sac is divided and resected. The external inguinal ring is reconstructed. Although the tradi-
tional open inguinal approach is effective for hernia repair in the pediatric population [19-21],
it carries numerous risks, including immediate and long-term postoperative complications
[22-24]. Postoperative pain, surgical trauma, local swelling usually last 3-5 days for children.
In addition, visualization of possible contralateral defects is limited and there remains a risk
of hernia recurrence [25].

For the patients with a small hernia sac, the modified open operation of inguinal hernia repair
with a small incision in the external inguinal ring could be performed to correct this patho-
logical condition without slitting of the external oblique aponeurosis and ligating highly the
hernia sac. This modified approach can maintain the normal anatomy of the inguinal canal
to reduce complications. The modified open operation is widely used in Chinese primary
hospitals at present, where it is relatively easy to do operations with low recurrence rate but
has not been done for a long time in the authors” department.

6.2.1. Operative steps for the modified open pediatric inguinal hernia repair

A small skin incision of about 1-1.5 cm is made along the skin crease, which is located on
the surface projection of external inguinal ring supra pubic tubercle. Incision is carried down
through the dermis to expose the subcutaneous fat, Camper’s fascia. Using sharp and blunt
dissection, Scarpa’s fascia is identified, grasped, and incised in the direction of the external
inguinal ring. A gentle retraction is needed to maintain excellent exposure. Cremaster muscle
is dissected to expose spermatic cord and the hernia sac within the external inguinal ring.
The external inguinal ring is not opened. The hernia sac is elevated off the inguinal floor and
isolated from the surrounding tissue with a blunt dissection in the internal inguinal ring.
The hernia sac is opened (Figure 3a). If the hernia sac is small, it is directly ligated at its neck
where extraperitoneal fat can be seen. If it is large, it is cut to about 2 cm, away from its neck,
and then sutured and ligated at its neck (Figure 3b). The internal inguinal ring is sutured for
1-2 stitches for repair, if it is large. Subcutaneous tissue and skin are subsequently closed after
hemostasis is done carefully.

Figure 3. (a) The hernia sac was opened and (b) the hernia sac was sutured and ligated at its neck.
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6.3. Laparoscopy high hernia sac ligation assisted with a needle-type grasper

In the last 2 decades, the advent of minimally invasive surgery has completely changed the
management of pediatric inguinal hernias [26, 27]. Laparoscopic surgery, since its advent in
the early 1990s, is increasingly being preferred by the surgeons and patients worldwide due
to its overall benefits, evident by operative results and patient satisfaction [28]. Montupet
is credited with performing the first intracorporeal laparoscopic pediatric hernia repair in
1993 [26]. The authors treated pediatric inguinal hernia with laparoscopy high ligation of the
hernia sac with the aid of a needle-type grasper (Figure 4) [29]. With almost similar results to
open mesh repair, laparoscopy provides an alternative to inguinal hernia repair especially in
bilateral or recurrent cases [30].

Figure 4. Needle-type grasper.

6.3.1. Preoperative preparation

Preoperative preparation includes fasting for 6 h. To be intraoperatively better exposed and
minimize the risk of bladder injury, the bladder should be emptied before surgery.

6.3.2. Patient and team position

All patients underwent general anesthesia. The patient is positioned supine with both arms
tucked (Figure 6a). To remove the intestine away from the operative area and to improve
exposure of the working area, the patients are changed in 15-20° of the Trendelenburg posi-
tion during the procedure (Figure 6b). The surgeon is on the opposite side of the defect to be
repaired. The assistant with the camera is on the same side as the hernia to be treated, and
surgical nurse should be located on the right side of the patient near the patient's knee. The
monitor is placed at the foot of the operating bed.

6.3.3. Surgical procedures

An incision at the infra or supra umbilicus is then made for placement of a 5-mm trocar (we
use a 5-mm 30° laparoscope). Access of the peritoneal cavity is achieved using standard tech-
niques with a Veress needle to create the pneumoperitoneum. The pneumoperitoneal pres-
sure was maintained at 8-10 mmHg. Once access to the peritoneal cavity has been established,
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an inspection of bilateral internal inguinal ring is made in search of hernia defects. A 1.5-mm
incision at or above the linea alba midpoint between the umbilicus and pubic symphysis is
made for entering the needle-type grasper. Another 1.5-mm small incision is made at the
12 o clock surface projection of internal inguinal ring. Through it, the endo-closure device
(Figure 5) with No. 4 polyester thread was rotated back and forth and entered into the pre-
peritoneal space at 11 (right side) or 1(left side) o clock of the internal inguinal ring under
laparoscopic monitoring. The endo-closure device was then advanced along the lateral side
of inferior epigastric vessels within the extraperitoneal space and around the internal inguinal
ring and bypassed the vas deferens and spermatic vessels with the aid of needle-type grasper
(Figure 6d—f). The tip of endo-closure device was pierced the peritoneum into the abdomi-
nal cavity at 6 o clock of internal inguinal ring. No. 4 polyester thread was pulled out from
the endo-closure device with a needle-type grasper and cleaved into the abdominal cavity
(Figure 6g), and the endo-closure device was pulled out of the body. The endo-closure device
was inserted into the same skin incision again. From 12 o clock of internal inguinal ring to
the beginning, the endo-closure device was rotated back and forth and advanced along the
lateral side of internal inguinal ring beneath the peritoneum. The endo-closure device entered
into the abdominal cavity at the same peritoneal hole as the No. 4 polyester thread had gone
through (Figure 6h). The endo-closure device was then taken and the No. 4 polyester thread
was taken out of the body. After squeezing the air out of the scrotal and groin area, No.
4 polyester thread was then tightened and tied, and the knot was subcutaneously buried.
The high ligation of hernia sac was finished (Figure 6i). Bilateral indirect hernia was treated
the same way. An inspection of the abdominal cavity is made before ending operation. The
needle-type grasper is removed under laparoscopic monitoring. A 5-mm trocar was removed
after the abdominal cavity air was emptied. Umbilical incision was sutured, and skin incision
was intradermally sutured and stuck together with glue.

The manipulation of laparoscopy high hernia sac ligation with the aid of the needle-like
grasper is easy to bypass the structure of the vas deferens and spermatic vessels under direct
vision and does not injure it. Laparoscopic approaches offer the superior visualization to
potentially avoid trauma to the vas deferens and spermatic vessels and the opportunity to
accomplish a safe high ligation of the hernia sac at the internal ring [23, 31-33].

— b

Figure 5. Endo-closure device (COVIDIEN).
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Figure 6. (a) The child with inguinal hernia has been disinfected and draped, (b) intraoperative location of the
laparoscopic, needle-type grasper, and endo-closure device with the thread, (c) indirect inguinal hernia, (d) and (e)
endo-closure device with No. 4 polyester thread entering into the pre-peritoneal space and then advanced along the
lateral side of inferior epigastric vessels and around internal inguinal ring, (f) with the aid of needle-type grasper, the
tip of endo-closure device bypassed the vas deferens which was under the tip of endo-closure device in this picture, (g)
and (h) the endo-closure device advanced along the lateral side of internal inguinal ring beneath the peritoneum and
entered into the abdominal cavity at the same peritoneal hole as the No. 4 polyester thread had gone through, and (i)
high hernia sac ligation was finished.

Laparoscopic approaches offer the opportunity to visually inspect the contralateral canal for
the presence of an occult hernia without incision, and the contralateral hernia, hiding hernia
(Figure 7), or other affections can be intraoperatively diagnosed and repaired at the same time
while diagnosing unilateral cases, preoperatively. The sensitivity and specificity of laparo-
scopic examination for detecting hidden PV patency have been reported to be 99.4 and 99.5%,
respectively [1]. Compared to the traditional open approach, the advantages of laparoscopic
hernia repair include minimal dissection, excellent visual exposure, less complications, com-
parable recurrence rates, as well as improved cosmetic results. In addition, laparoscopic her-
nia repair also makes it possible for contralateral inguinal hernias to be defined and repaired
in the same operation [34-36]. Up to now, no scrotal hematoma or effusion has been found
in the authors’ department. At present, laparoscopy high hernia sac ligation assisted with the
needle-type grasper is more favorable than open pediatric inguinal hernia repair, which is
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Figure 7. Hidden hernia was found with the aid of a needle-type clamp.

one of the most common surgical procedures in the authors’ department. The operation could
be implemented as long as there were no anesthetic or pneumoperitoneum contraindications.

The laparoscopic high inguinal hernia sac ligation must establish pneumoperitoneum, which
can only be used in general anesthesia, which needs the endotracheal intubation and ventila-
tor-assisted breathing and increases surgical costs and anesthesia-related problems. In addi-
tion, the families of children have some psychological concerns with the side effects of general
anesthesia, which had a bad effect on surgical treatment.

6.4. Lichtenstein hernioplasty using a biological patch

As for the children from 13 to 18 years old, because simple hernia sac ligation surgery is
not enough, the recurrence rate is high. The posterior wall of inguinal canal should also be
repaired and strengthened in order to prevent recurrence. At present, it wasn't advocated for
the children with hernia, from 13 to 18 years old, to be treated with non-biological synthetic
patch (e.g., polypropylene) because they are still in the growth and development stage. Not
stretching or contracting, the non-degradable patch can result in local postoperative obvious
traction; local foreign body sensation and chronic pain may also cause spermatic cord adhe-
sion and even affect fertility. For children and adolescents, their muscle and fascia tissue will
gradually become strong in the growth and development stage. The absorbable biological
materials can rely on their own characteristics to repair defects in the early stage and generate
the new tissue plates through tissue replacement to prevent recurrence of hernia in the long
term. After the biological materials are absorbed or degraded gradually, the biological patch
will be replaced by autologous tissue without affecting the growth and development.

The authors found that the simple high hernia sac ligation is inadequate for adolescents who
had a longer medical history, larger diameter of internal inguinal ring, and more serious
transverse fascia defects and that the procedure similar to the treatment of adult inguinal
hernias should be taken in order to repair the transverse fascia and strengthen of the posterior
wall of the inguinal canal. The authors proposed the application of the biological patch to the
treatment of the inguinal hernia of the patients who are 13-18 years old, and results show that
compared with the traditional high ligation of hernia sac, the biological patch tension-free
hernia repair surgery did not significantly increase the wound infection, male scrotal effusion,
chronic pain or local foreign body sensation, and other complications.
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Open “tension free” mesh repair technique, pioneered by Lichtenstein in 1984, is still con-
sidered the method of choice for primary inguinal hernia [37, 38]. For children from 13 to 18
years of age, inguinal hernia was treated with Lichtenstein hernioplasty with the biological
patch, in which biological patch is placed in front of the transversalis fascia to reinforce the
posterior wall of the inguinal canal.

6.4.1. Surgical procedures

The operative steps include dissection of the spermatic cord, dissection and resection of the
hernia sac with high ligation (Figure 8b—d), and reconstruction of the floor of the inguinal
canal. The inguinal canal is dissected to expose the shelving edge of the inguinal ligament,
the pubic tubercle, and the sufficient area for biological patch. The biological patch must be
large enough to overlap 1.5-2 cm medial to the pubic tubercle. The lateral portion of the
patch is split into two tails such that the superior tail constitutes two-thirds of its width,
and the inferior tail is the remaining one-third of its width (Figure 8e). The lateral tail of the
biological patch passed through beneath the spermatic cord from medial to lateral and then
sutured together with the medial tail using two vicryl 2/0 interrupted stitches, leaving a hole
as large as the diameter of the spermatic cord, which was placed around the spermatic cord
at the internal ring, but not too tight to strangulate it (Figure 8f). Two interrupted sutures
with vicryl 2/0 thread were used to fix the inferior edge of the patch to the shelving edge of
the inguinal ligament. The upper edge of the patch was then fixed to the inferior surface of
external oblique aponeurosis with two vicryl 2/0 interrupted stitches. The tails were then
placed on the surface of internal oblique muscle and fixed with glue. The medial edge of the
patch was overlapped the pubic tubercle by 1.5-2 cm and fixed with medical glue in order to
prevent medial recurrence. The reinforcement of the floor of the inguinal canal was finished

Figure 8. (a) The child with big indirect inguinal hernia, (b) and (c) the hernia sac was dissected and sheared, (d) the
hernia sac was sutured and ligated at its neck, (e) a cellular tissue matrix patch (Grandhope Biotech Co., Ltd.) was
prepared, (f) the two tails of the biologic patch were sutured together with 2/0 vicryl to surround the spermatic cord, (g)
the fixation for the biological patch was finished.
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(Figure 8g). External oblique aponeurosis was sutured with vicryl 2/0. Subcutaneous tissue is
closed with vicryl 4/0. The skin incision was intradermally sutured with vicryl 4/0 and stuck
together with medical glue.

Generally, it is not difficult to diagnose inguinal hernia in children; however, before surgery, there
is no effective auxiliary examination to diagnose how much the hernia ring defect ranges, which
is based on the options of individualized treatment of pediatric inguinal hernia. For some patients
who are 13-18 years old, if the extent of hernia ring defect belonged to Gilbert type I or II, laparo-
scopic high hernia sac ligation could still be used. Preoperative non-invasive examinations, such as
ultrasound, which can define the size of the hernia ring defect in most cases, are helpful to choose
the surgery and carry out the individualized treatment program of inguinal hernia in children.

The individualized treatment of inguinal hernia in children is currently an effective and rela-
tively reasonable treatment program to improve treatment of morbidity. However, it does not
take a long time to use laparoscopic high hernia sac ligation and the biological patch repair. It
must be further observed for the long-term effects and needs to be studied on the basis of the
present in order to improve the clinical effects and reduce the postoperative complications.
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Abstract

Congenital inguinal hernia is a very important subject for both general and pediatric
surgeons, and many issues related to the inguinal hernia in infants and children are
still confusing. Herein, the subject of congenital inguinal hernia, including the relevant
embryology, related anatomy, the symptoms and signs essential for diagnosis, and the
needed examination tests and investigations, is presented in a systematic manner. Also,
the updated treatment options were discussed including both open and laparoscopic
approaches with spotlight on the very recent single incision laparoscopic inguinal hernia
repair in children. Finally, at the end of the chapter, there are many valuable references
for more details.

Keywords: congenital inguinal hernia, inguinal canal, infants, children, laparoscopic hernia

repair

1. Introduction

Congenital inguinal hernia in infants and children is a common surgical problem. Numerous
issues, including the rational and timing of the repair, the need to explore the contralateral
side, the use of laparoscopy, and anesthetic precautions, remain unsettled. Moreover, ingui-
nal hernias in both full-term and preterm infants are commonly repaired shortly after diag-
nosis to avoid incarceration of the hernia, may be due to the lack of definitive data regarding
optimal timing for repair of inguinal hernias in infants. In this chapter, the reader will be able
to know and understand:

¢ the embryology and anatomy of pediatric inguinal hernia,

¢ the different clinical presentations of pediatric inguinal hernia,
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¢ the differential diagnosis of inguinal hernia in infants and children,
¢ the treatment options for pediatric inguinal hernia, and

* the common open and laparoscopic approaches to pediatric inguinal hernias.

2. Embryology

Inguinal hernia in children represents arrest of development rather than acquired weakness.
It is directly related to the descent of the developing gonads. The testes are preceded in their
descent to the scrotum by a “finger” of peritoneum, the processus vaginalis (PV), which is first
seen around the 12th week of gestation, and it is usually closed between the 36th and 40th
weeks of gestation, except for the part that becomes the tunica vaginalis. In many newborns,
this process is incomplete, leaving a patent processus vaginalis (PPV).Usually, the closure of
PV is completed at birth; however, it may be delayed to postnatal period. Approximately 40%
of PPV will close during the first months of life and an additional 20% close by 1 year of age.
The closure of the PV on the left side precedes closure on the right; therefore, it is not surpris-
ing that 60% of congenital inguinal hernia occurs on the right side. The assumption that PPV
is the same as an inguinal hernia is not true. The presence of PPV is necessary but not suf-
ficient to develop a congenital inguinal hernia. In other words, all congenital inguinal hernias
are preceded by PPV, but not all PPV go on to become inguinal hernia. About 12-14% of boys
with PPV will develop inguinal hernia in their life time. The exact cause of the obliteration
of the PPV is unknown. When PPV fails to close, a sac is present through which abdominal
contents can be herniated via the inguinal canal. However, sometimes the entrance may be
adequately covered by the internal oblique and transverses abdominal muscles, preventing
escape of abdominal contents for many years, or allowing only fluid to pass through it form-
ing a communicating hydrocele. If closure occurs proximally while fluid is trapped within the
tunica distally, a non-communicating hydrocele is the result [1, 2].

3. Anatomy

3.1. Open anatomy

The inguinal canal is an oblique inter-muscular passage that extends from the deep to super-
ficial inguinal rings and transmits the spermatic cord in males and round ligament in females.
Most of the canal consists of the aponeurosis of the external oblique muscle as it curves inward
to form the inguinal ligament. The roof of the canal is formed of the lower arched fibers of
internal oblique and transverses abdominis muscles. The posterior wall of the canal consists of
the transversalis fascia along its whole length. The inferior border of the canal is formed by the
rolled fibers of inguinal ligament medially, and then the pectineus fascia and the insertion of the
lacunar ligament (Figure 1). In neonates and infants, the inguinal canal is not well developed,
and it was very short with both external and internal inguinal rings overlapping. Therefore,
during open herniotomy before 1 year of age, there is no need to open the external oblique
muscle [3, 4].
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Figure 1. The open anatomy inguinal canal.

3.2. Laparoscopic anatomy

In 1945, Lytle wrote “The surgeon knows little about the anatomy of the posterior wall of the
inguinal canal, as it is hidden from his view.” During laparoscopic hernia repair, the hernia
is no longer viewed as a protrusion from the abdominal wall, but rather as an extrusion of
a viscous from the peritoneal cavity. So, the layers of the inguinal region and the abdominal
wall are viewed in a reversed order or practically it is seen from an opposite view point.
Therefore, during laparoscopic hernia repair, the following changes must be considered: the
inguinal anatomy is visualized from inside with an optimal panoramic view of the posterior
surface of the abdominal wall. Moreover, the inguinal anatomy is visualized with a para-
lyzed and expanded abdominal wall muscles. The pneumoperitoneum itself distorts normal
anatomy, stretches ligaments, tenses parietal peritoneum, and inflates hernia sac. This lapa-
roscopic change modifies the tension, texture, and handling characteristics of the peritoneum
and the abdominal wall muscles when compared with its normal characteristics found during
laparotomy (Figure 2) [5, 6].

Laparoscopically, the abdominal wall below the umbilicus shows five peritoneal folds, with
three convergent fibrous cords in the center and two vascular bundles peripherally. In the
mid-line is the median umbilical ligament, which represents the obliterated remnant of the
embryonic urachus and extends from the fundus of the bladder to the umbilicus. The medjial
umbilical ligament consists of a peritoneal fold covering the obliterated distal portion of the
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umbilical artery. The lateral umbilical ligament consists of a fold of peritoneum around the
inferior epigastric vessels together with a variable amount of fatty tissue [7, 8].

The pre-peritoneal space is important for the laparoscopic surgeon. It contains a variable
amount of connective tissue, the residual of the umbilical artery, and the inferior epigastric
vessels. The external iliac vessels and the inferior epigastric vessels lie free in this space and
have no intimate anatomic relationship with the fascia transversalis, a fact that is important
during laparoscopic hernia repair. The obturator artery originating from the inferior epigas-
tric or external iliac vessel has been observed in approximately 30% of the patients. Damage
to this artery during inguinal hernia repair may cause serious hemorrhage into the pre-peri-
toneal space. Finally, the laparoscopic pediatric surgeon must become familiar with the pre-
peritoneal space anatomy and its vascular contents, as vascular injury during laparoscopic
hernia repair is easy and usually leads to severe hematoma formation [9-11].

The vas deferens ascends from the side wall of the pelvis, curving upward around the obliter-
ated umbilical artery, below the level of the transverse vesical fold as it passes from medial
to lateral across the external iliac vessels. Then, it disappears from view as it meets with the
testicular vessels immediately lateral to the base of the epigastric artery. The round ligament
alone enters the deep inguinal ring. The artery to the vas or round ligament accompanies each
structure, with several minor veins, often visible through the thin peritoneal covering. While
the vas forms just a ridge beneath the peritoneum, the round ligament tends to lie deeper at
an intra-peritoneal level. The testicular vessels usually not seen through the peritoneum dis-
appear from laparoscopic view as they meet with the vas on its lateral aspect, and they enter
together the deep ring on its posteromedial edge (Figure 3) [12, 13].
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Figure 3. Arterial supply of testis and epididymis. (1) Testicular artery. (2) Deferential artery. (3) Cremasteric artery. (4)
Posterior scrotal artery. (5) Anterior scrotal artery.

4. Clinical presentations

The incidence of congenital inguinal hernia in infants and children ranges from 1 to 5%. With
60% occurring on the right side, premature infants are at higher risk. The male-to-female ratio
is estimated to be 6:1. Inguinal bulge with straining or crying is the most common presenta-
tion described by the parents or observed during physical examination. Classically, the diag-
nosis is established by history taking and clinical examination.

4.1. History taking

The parents usually described a visible, intermittent swelling or bulge in the inguino-scrotal
region in boys or inguino-labial region in girls appears with crying or straining, and usually
it disappeared during night while the baby is sleeping. The swelling is usually not associated
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with pain or discomfort. But, sometimes, the parents may perceive the bulge as being pain-
ful, which is not true as it in facts causes no discomfort to the baby except if complicated. The
presence of a painful bulge should alert the pediatric surgeon to the presence of an incarcer-
ated inguinal hernia. Most pediatric surgeons diagnose and operate child with congenital
inguinal hernia depending on a classic history description by parents or a referring physician,
others still insist on seeing the hernia themselves and may return the child for a second exami-
nation after 2-3 weeks [14, 15].

4.2. Clinical examination

Local examination is essential to confirm the diagnosis of congenital inguinal hernia, and it
usually starts with inspection of the inguinoscrotal region to see the inguinal bulge, and if it
is not obvious by inspection, holding baby legs and arms gently against the examination table
will result in crying with increased intra-abdominal pressure and appearance of the inguinal
bulge. For older children, blowing bubbles, or having them blow up balloons or examina-
tion gloves will increase intra-abdominal pressure and inguinal bulge may appear. The “silk
purse” or “silk glove” sign is an important local physical sign. It elicited by gently rolling the
cord structures across the pubic tubercle. The feeling of a sac moving on itself is considered
positive finding. Published reports showed a wide variation in diagnostic accuracy of the
silk purse sign, with a sensitivity of 91% and specificity of 97.3%. Currently, the most reason-
able approach is to consider the silk purse sign as supporting but not conclusive evidence to
confirm the diagnosis. It is essential to palpate both testicles, to rule out an undescended or
retractile testicle, which can be associated with an inguinal hernia. In girls, feeling the ovary
in the hernia sac is not uncommon and may be mistaken for a lymph node [16, 17].

Direct hernias through the floor of the inguinal canal due to muscular weakness are extremely
rare in children. It classically presents medial to the inferior epigastric vessels. Due to the rar-
ity of the direct hernia in children and the fact that direct hernia in children will never reach
scrotum, the pediatric surgeon can easily diagnose that an inguinal hernia in a child is of the
indirect type. Femoral hernia in children can be very difficult to differentiate from an indirect
inguinal hernia. It is located below the inguinal canal, through the femoral canal. The only
possible differentiation is during the operative repair as the anatomy and relationship to the
inguinal ligament are clearly visualized. The clinical presentations of femoral hernias in chil-
dren are essentially the same as indirect inguinal hernias. In a case of incarcerated inguinal
hernia, there will be tender firm mass in the inguinal region or scrotum, and the child may
be fussy, unwilling to feed, and crying inconsolably. The overlying skin may be edematous,
erythematous, and discolored. On the other hand, the hernia may be huge enough to be easily
diagnosed as seen in (Figure 4) [18, 19].

The differentiation between congenital inguinal hernia and hydrocele in young children is not
always straightforward. The well-known trans-illumination test is essential for distinguishing
between the presence of a sac filled with fluid in the scrotum and the presence of bowel in
the scrotal sac. However, in cases of incarcerated inguinal hernia, trans-illumination test may
be equivocal, as distended viscera with fluid in the scrotum of a young infant will trans-illu-
minate. Finally, the use of inguinal ultrasound may be needed to differentiate between PPV
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Figure 4. Bilateral huge congenital inguinal hernia.

and inguinal hernia. It can differentiate between hydrocele, incarcerated hernia, and testicu-
lar torsion. In most cases, inguinal ultrasound was used to increase the diagnostic accuracy
of inguinal hernia in children from 84% on physical examination alone to 97.9% and that
hypoechoic structure in the inguinal canal measuring 4-6 mm was a PPV, and greater than 6
mm was a hernia [20, 21].

5. Treatment

Congenital inguinal hernia repair is one of the most common operations performed by pedi-
atric surgeons, and consultations for inguinal hernia are among the most frequent reasons
for pediatric surgical referral. In infants and young children, the risk of incarceration of the
unrepaired inguinal hernia is as high as 31% (usually in the first few months of life), posing a
significant risk to the bowel and testicle. Accordingly, surgical repair of a symptomatic ingui-
nal hernia is recommended soon after diagnosis. Parents are instructed to do gentle pressure
on the inguinal bulge to prevent incarceration of the contents until the elective surgery is
performed. On the other hand, in neonates, the surgical treatment of hydrocele is delayed
for 12-18 months because in such case the PPV opening is very small and may have already
closed or be in the process of closing. If the hydrocele persists after this observation period,
operative repair is usually indicated [22, 23].

5.1. Open repair

Open hernia repair in children is usually an outpatient procedure. Surgery should be post-
poned in the presence of upper respiratory tract, otitis media, or significant napkin dermatitis.
The basic principle of the repair includes high ligation and excision of the hernia sac with or
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without narrowing of the internal inguinal ring. The classical open herniotomy is performed
as follows: a lower abdominal skin crease incision is made, and then both Scarp’s fascia and
the external oblique are opened. The cremasteric fibers are bluntly dissected until the sac can
be seen. The sac is then gently separated from the cord structures, dissected to the level of
the internal inguinal ring, ligated, and divided at this level. In patients with a wide internal
ring, narrowing of the internal ring can be added with repair of the inguinal floor. The distal
sac is either split anteriorly or excised. The excision versus splitting of the distal hernia sac
continues to be controversial issue; however, it was founded that there is no difference in
recurrence or hydrocele formation, suggesting that simply opening the anterior wall is suf-
ficient in children and neonates. On the other hand, complete excision of the distal sac may
increase the risk of injury to the cord structures and the testis and may cause hematoma. It is
important to ensure that the testis is in the scrotum at the end of the operation to avoid iatro-
genic cryptorchidism. If undescended testis is discovered during herniotomy, it must be fixed
in the scrotum, even if the infant is younger than 12 months old. This avoids the possible risk
of incarceration, strangulation, and testicular infarction [24, 25, 26].

Contralateral exploration for PPV in children with unilateral hernia is still debatable.
Contralateral PPV was present in about 30-40% of children presenting with unilateral hernia.
The introduction of the telescope through the sac of the hernia to visualize the contralat-
eral PPV is used to avoid contralateral exploration, and recently, during laparoscopic hernia
repair, contralateral PPV is easily diagnosed [27, 28].

5.2. Laparoscopic repair

Laparoscopic hernia repair recently challenged the conventional open herniotomy, with
reported results that comparable to open herniotomy with nearly similar recurrence rate and
superior cosmetic results. The basic principle for laparoscopic inguinal hernia repair (LIHR)
in children is a high ligation of the hernia sac from inside either in continuity using complete
purse string suture or after complete dissection of the peritoneum around internal inguinal
ring (IIR) to separate the distal hernia sac (like open herniotomy). The most wildly used tech-
niques for laparoscopic hernia repair are as follows: (1) Insertion of a complete purse-string
suture around the internal inguinal ring with intra-corporeal knotting using either two lapa-
roscopic instruments, or recently using only single laparoscopic instrument technique. (2)
Complete separation of the peritoneum around the IIR to disconnect the distal hernia sac
(dissection technique). (3) Percutaneous extra-corporeal ligation of the IIR under laparoscopic
guidance [29, 30].

5.2.1. Intra-corporeal techniques

The first laparoscopic technique described for repair of inguinal hernia in children use three
ports for the repair, two intra-peritoneal working instruments to make a complete purse
string suture around the opened IIR, and a camera port. The technique started with inser-
tion of the umbilical camera port by the open Hasson’s technique. Then pneumoperitoneum
was established to a pressure of 8-12 mm Hg according to age. Laparoscopic exploration of
the pelvis and both internal inguinal rings were done. Then two 3-mm ports for the working
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instruments (two laparoscopic needle holders) were inserted at the lateral borders of the rec-
tus muscles at the level of the umbilicus. Non-absorbable 3-0 Prolene suture was used to make
a complete purse suture around the opened internal inguinal ring, with intra-corporeal knot
tying. The sutures include only the peritoneum with no underlying tissues. The contralateral
IIR was closed if its diameter is more than 2 mm. This technique is not cosmetically superior in
children, when compared to open herniotomy, which was performed through a small lower
abdominal crease incision. Recently, in 2015, Helal modified this traditional laparoscopic her-
nia repair technique and introduced a novel technique for laparoscopic hernia repair using
only single laparoscopic instrument (laparoscopic needle holder). The principle of his repair
is the closure of the IIR with complete purse string suture using single laparoscopic needle
holder instrument, with intra-corporeal knotting using single instrument tie. He reported that
his novel technique is feasible, simple, secure, and more cosmetic. It permits extension of ben-
efits of minimal access surgery. Also, he reported that it reduces operative time especially in
bilateral cases and allows for quick return to normal activity of children (Figure 5) [18, 31, 32].

5.2.2. Percutaneous extra-corporeal technique

This technique entails percutaneous insertion of complete purse string suture using non-
absorbable sutures around the IIR under laparoscopic guidance and the suture was tightened

Figure 5. Steps of laparoscopic single instrument repair of inguinal hernia (Helal technique).
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extra-corporeally and burred subcutaneously. The suture crosses over the spermatic duct or
the gonadal vessels to avoid their injury. In girls, the round ligaments were not dissected, and
itis included with the closure of the hernia sac. It is safe, effective, and reliable technique, with
short operative time. It is suitable for laparoscopic surgeons that don’t have a good experience
in intra-corporeal laparoscopic suturing and tying techniques. However, the main concerns
about this technique are the presence of the suture subcutaneously which may cause stitch
granuloma or sinus formation. Also, the inclusion of the abdominal wall muscles with the
suture may cause later losing of the suture or the suture may cut through the muscle which
may increase the risk of hernia recurrence. The subcutaneous endoscopic assisted ligation
(SEAL) technique entails percutaneous insertion of complete purse string suture around the
IIR without any intra-peritoneal laparoscopic instrument. The technique was described by
Ozgediz et al., and its main principles include passing a curved needle threaded with a 2/0
non-absorbable suture through the anterior abdominal wall under direct vision to surround
the IIR peri-peritonealy in a U-shaped manner. The tip of the needle is grasped in a needle
driver, and the heel of the needle is backed through the subcutaneous tissue to come out
through the original stab incision. The suture is then secured and ligated subcutaneously. The
needle may jump over the vas and vessels, and a peritoneal gap may be left untouched. This
skip area is the cause of recurrence of hernia. However, if the size of the defect is extraordi-
narily wide, an additional instrument to assist guidance of the needle or conversion to open
herniotomy is necessary. The steps of the technique are showed in Figure 6. The SEAL tech-
nique is then modified by injecting saline in the pre-peritoneal space for hydro-dissection to
separate the peritoneum over the vas and the vessels [33, 34].

5.2.3. Single incision laparoscopic hernia repair

Recently, single incision laparoscopic surgery is advancing significantly, and nowadays,
many laparoscopic surgeons prefer to perform most laparoscopic operations through sev-
eral tiny incisions rather than one large incision, to improve the cosmetic outcome. At the

Disgram showing kaparoscopic percataneous ligation of the ifernal igulnal ring

Figure 6. The steps of the subcutaneous endoscopic assisted ligation technique.
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moment, single incision laparoscopic hernia repair (SILHR) has been well reported in the
literature with many studies describing its feasibility and safety in children. SILHR is a
newly developed technique for minimizing the post-operative pain, reducing the invasive-
ness of traditional laparoscopy, and reducing hospital stay with nearly scar less surgery.
It is a new paradigm in minimally invasive surgery world. In our hospital, we perform
laparoscopic inguinal hernia repair in children using the needlescopic assisted SILHR by
using epidural needle gauge 18 to make complete purse string suture around the IIR, and
we tied the suture extra-corporally using the self-sliding clinch knot (as shown in Figure 7)
with an outstanding cosmetic results making great parent satisfaction. We think that there
would be no reason to perform multiple incisions in laparoscopic hernia repair in children
as SILHR is a safe and secure technique with excellent cosmetic results because it results
in single umbilical wound which is already scar area in the body, the scar is hidden in the
fold of the umbilicus, and the puncture wounds from the epidural needle are practically
unnoticeable. Finally, SILHR in children is safe, perhaps even less technically demanded
than open herniotomy [35-37].

Figure 7. Single incision laparoscopic hernia repair in children with intra-corporeal knotting and finally the umbilical
scar is practically unnoticeable.
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6. Post-operative care

Most patients are discharged home on the same day after open or laparoscopic inguinal
hernia repair. Small premature babies may need overnight observation and monitoring due
to the risk of post-operative apnea. Post-operative follow-up after inguinal hernia repair
requires only one clinic visit. Post-operative scrotal swelling and bruising for 1-2 weeks are
very common, and they represent normal post-operative changes rather than a complica-
tion. Post-operative hydrocele (non-communicating) is not uncommon, and it usually reab-
sorbed spontaneously in 95% of the cases. Only major physical activity should be avoided
after open or laparoscopic inguinal hernia repair in children for 1-3 weeks. Post-operatively,
most children do well with acetaminophen alone, although the addition of non-steroidal anti-
inflammatory drugs may be necessary for some children. The most common complications
of herniotomy include injury to the vas deferens, iatrogenic cryptorchidism, and testicular
atrophy. latrogenic cryptorchidism occurs in 0.6-2.9 %of patients. Injury to the vas deferens
has been reported to occur in as many as 1.6% of patients. Testicular atrophy occurs in 1-2%
and decreased testicular size in 2.7-13% of patients. Increased incidence of complications may
present with inexperienced surgeons. Very rarely infertility may result from injury to both
Fallopian tubes in girls subjected to bilateral herniotomy during childhood. Factors that may
contribute to recurrence after congenital inguinal hernia repair include failure to ligate the sac
high enough, tear in the sac or missing the posterior wall of the sac, leaving wide internal ring,
and the presence of comorbid conditions (e.g., collagen disorders, severe malnutrition) [38].

7. Summary

Inguinal hernia in children can be a simple problem or a major catastrophe. True direct hernia is
extremely rare in children. Recurrence of inguinal hernia in a child should be investigated for a
general cause rather than a pure local reason. There is a difference between the hernia “sac” and
the hernia “defect” which is actually a normal hiatus that allows passage of the cord structures
or round ligament and should therefore not require repair per se. In fact, narrowing of a normal
internal inguinal ring may cause entrapment of the cord structures. Instead, simple ligation and
division of the hernia sac should allow the hiatus to close down to a normal functional size.

The open herniotomy through a lower skin crease incision is still the gold standard for inguinal
hernia repair in children. It is very safe, well-tolerated, with low recurrence rate, leaving early
invisible scar. On the other hand, at the moment the great advancement in laparoscopic tech-
niques for inguinal hernia repair challenged this traditional operation, because of short opera-
tive time after learning curve, the untouched cord structure with increased fertility later on
also allows it to rule out a contralateral PPV, finally the outstanding cosmetic results especially
in female children, with great parent’s satisfaction. I hope to someday be proven that lapa-
roscopic hernia repair in children will be a gold standard like laparoscopic cholecystectomy.

Incarcerated inguinal hernia is defined as obstruction to the blood supply of the hernia contents,
and if not corrected within reasonable time (from 4 to 6 hours), gangrene will occur. Therefore,
repair of inguinal hernia in children should be undertaken as soon as possible after diagnosis.
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In case of incarcerated hernia if a trial of manual reduction is to be performed, the following
precautions must be considered, the use of sedation is mandatory even anesthetic consultation
may be needed in very irritable child, gradually increasing pressure for 2-3 min with short
periods of rest for 1 min in between. Don’t forget that during reduction of the incarcerated her-
nia, two edematous surfaces are being rubbed together (similar to that of two pickles). Tense
hydrocele may be confused with an incarcerated hernia, and in such situation, urgent surgical
exploration is mandatory without losing time in doing diagnostic investigations.

Laparoscopic hernia repair needs a learning curve especially in doing intra-corporeal sutur-
ing and knot tying which is the basic step in conventional laparoscopic approach; however,
extra-corporeal self-sliding knot becomes a suitable solution for replacing traditional intra-
corporeal suturing and knotting during laparoscopic hernia repair. It is very important for
junior pediatric surgeons not to be in hurry to perform laparoscopic repair of inguinal her-
nia without mastering the open herniotomy and dealing with its different complications.
Laparoscopic complete purse string suture around the internal inguinal ring is very sufficient
for repair of inguinal hernia in children. However, laparoscopic dissection of the hernia sac
is mandatory in recurrent cases and in the presence of very wide internal ring which needs
repair of the muscular defect. Injection of saline will elevate the peritoneum over the vas and
vessels and make a plane for the needle to pass safely. The needle sign is very important dur-
ing laparoscopic repair of inguinal hernia in which the needle and the thread are clearly seen
under the peritoneum. Inclusion of tissue with the suture around internal inguinal ring will
cause later losing of the suture with increased recurrence rate.

Home message

¢ Congenital inguinal hernia is a common surgical problem in infants and children.

* More than 98% of inguinal hernias in children are indirect hernias.

¢ Incarcerated hernia if not managed within a reasonable time will lead to bowel necrosis and testicular atrophy.
¢ History is very important aspect in diagnosis of inguinal hernia in children.

¢ Hernias in children are usually painless, except if complicated.
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Abstract

Surgical treatment of hernia is one of the most common procedures in general popula-
tion. Since it was traditionally treated as “non-complex” operation, it is an ideal pro-
cedure for ambulatory surgery settings. Ambulatory surgery is superior to in-hospital
treatment due to faster patient flow, reduced patient stress, early mobilization, and lower
overall costs. Unforeseen hospitalization can be avoided with meticulous patient selec-
tion, education and preparation, use of local anesthesia whenever possible, and avoid-
ance of opioids in early postoperative period.

Keywords: inguinal hernia, ambulatory surgery, day surgery, hernia repair, antibiotic
prophylaxis, thromboprophylaxis, mesh, hernia sac, laparoscopy, local anesthesia,

PONV

1. Introduction

Hernia surgery is one of the most frequently performed surgeries and one of the most fre-
quently performed operations in the ambulatory surgery settings. However, setting up and
performing hernia procedures in ambulatory surgery often present a challenge both to the sur-
geon and to the patient. Only by challenging the unproven dogma, which still exists regard-
ing the routine management of outpatients undergoing ambulatory surgery procedures,
one will advance current practices in the future. Maximizing the use of minimally invasive
technology and new prosthetic devices, more complex surgical procedures can be performed
in the ambulatory setting. By reducing postoperative complications related to surgery (and
anesthesia), patient care can be improved with reduced costs for the healthcare system.

I m EC H © 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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1.1. Definition

Ambulatory surgery, also known as outpatient surgery, same-day surgery, day case, or day
surgery is surgery that does not require an overnight hospital stay, meaning surgery patients
may go home and do not need an overnight hospital bed. The purpose of the outpatient sur-
gery is to keep hospital costs down, as well as saving the patient’s time that would otherwise
be wasted in the hospital. There are numerous benefits of such approach, which are as follows:

¢ Convenience: Usually, recovery at home is easier and more convenient than in-hospital
recovery.

* Lower cost: With no in-hospital stay, standard hospital expenses (nursing, medications,
food, hospital room expenses, etc.) per patient are much lower for outpatient surgery.

* Reduced stress: Given its predictable nature and distance from seriously ill patients, out-
patient surgery is less stressful than inpatient surgery. Of course, that is especially true
for children who are afraid of being away from their parents and home (hospitalism syn-
drome). Recovery at home also reduces stress in most people.

¢ Scheduling: No emergency surgeries and long and complicated procedures as in in-hospital
setting make ambulatory surgery very predictable. With less complex and routine proce-
dures, day surgery unit can generally maintain it schedule.

Ambulatory surgery centers also known as ASCs are modern healthcare facilities focused on
providing same-day surgical care, including diagnostic and preventive procedures. Hernia
procedures, as procedures of “low intensity and high frequency” are ideal for day surgery.

1.2. Historical perspective

Some of the first procedures in general anesthesia fall under what is now called a one-day
surgery. Even in 1899, James H. Nicoll in Glasgow Royal Hospital for Sick Children in general
anesthesia operated on children, of which 460 were cleft palate and lip, and these children
were discharged same day.

In 1912, Ralph Waters based his Downtown Anesthesia Clinic in Iowa, which deal mainly
with one-day surgery under general anesthesia. After these early pioneers, interest in one-day
surgery was reduced to the 1950s of the twentieth century when centers for outpatient and
day surgery started to open in South Africa, Canada, and the United States.

In 1994, about 60% of all surgical procedures in the United States were performed as one-day
surgery. In 2001, depending on the hospital, in England and Wales, around 45% of procedures
were performed as one-day surgery. The Ministry of Health of the United Kingdom estimates
that up to 75% of surgical procedures could be performed in one-day surgery setting [1].

1.3. Patient selection criteria

Probably the most important difference of ambulatory from in-hospital surgery is home
recovery with no nursing or medical assistance. Since that means the patient needs to manage
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himself in postoperative period, his cooperation is essential and his selection and education
are very important for outpatient surgery success.

Patient assessment for day surgery falls into three main categories as follows.

1.3.1. Surgical criteria

The major factors that determine whether or not a given operation can be performed on a day
case basis are as follows:

1. The degree of tissue damage, and hence pain
2. The extent of blood and fluid loss

3. The extent of postoperative care and complications.

Although arbitrary time limits have been suggested in the past, modern anesthesia allows
acceptably rapid recovery after procedures lasting several hours. Therefore, operating time
should not be a limit for one-day surgery.

After the operation is completed, there should be no continuing blood loss or requirements
for fluid therapy and no need for complex postoperative care, which is difficult to provide in
the community.

1.3.2. Social criteria

Although patients will not be discharged from the day unit until they are stable (see Section
5.5), one cannot say that they have completely recovered, especially because it may take several
hours to completely regain precise motor control and fine judgment. Therefore, patient needs to
have in company responsible and physically able adult person who can help them during first
postoperative day, have phone line nearby and react and call for help in the case of complication.

Social factors are an increasingly common reason for excluding patients from day surgery.
For example, single, elderly patients without caregivers, patients with little children, etc., but
with adequate planning, lots of these limitations can be overcome.

Although surgery increases risk for thromboembolic events, there is no firm evidence to pre-
clude long journeys or air travel, except in patients with risk factors for venous thromboembo-
lism (VTE) who should consider graduated compression stockings and/or LMWH for flights
longer than 6 h after day surgery [2].

Moreover, if rapid return to the hospital in case of emergency is not possible, facilities for
emergency care must be available at the final destination.

1.3.3. Medical criteria

Selection of patients should be based on their overall physiological status and not governed
by arbitrary limits such as age, weight, or American Society of Anesthesiologists (ASA) status.
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For any pre-existing condition, the patient may have its nature, stability, and functional limi-
tation should all be evaluated. The conditions should be under control and any medical treat-
ment must be optimized. It is also important to ask whether the patient’s management or
outcome of the procedure would be improved by hospitalization. Unless this would be the
case, surgery should take place in day surgery setting [3].

Regarding age of the patients, both medical and social problems tend to increase with age, but
these should be considered independently, without any arbitrary upper age limit [4].

The American Society of Anesthesiologists (ASA) classification is a simple index of chronic
health but it is far too nonspecific for use in day surgery settings. For example, patient with
ASA TII status experiences no more complications than patients with ASA grade I or II
While specific conditions should always be assessed on an individual basis, in general,
patients of ASA grade I-III should be suitable for day surgery unless there are other contra-
indications. Even some ASA IV patients will be acceptable, provided their surgery produces
minimal postoperative disturbance, as will often be the case when performed under local
anesthesia [3].

Obesity is a challenge, but is not a contraindication in ambulatory surgery. In expert
hands, even morbidly obese patients can be safely managed, of course, appropriate
resources provided. It is well known that increasing BMI increases the incidence of com-
plications during the operation or in the early recovery phase, but these problems would
still occur in the case of in-hospital procedures and would have usually been successfully
resolved by the time a day case patient would be discharged. Moreover, short-duration
anesthetic techniques and early mobilization associated with day surgery benefit obese
patients [5].

Patients with stable chronic disease such as diabetes, asthma, or epilepsy are often better man-
aged as day cases because of minimal disruption to their daily routine.

2. Anesthesia

There are three categories of anesthesia available:

1. General anesthesia
2. Spinal or epidural anesthesia

3. Local anesthesia

For hernia repair, all three types of anesthesia are used. Choice of anesthesia primarily
depends on expertise, traditions, and whether the institution has specific interest in hernia
surgery. Because of that local anesthesia use varies in different countries, from almost 100%
in specialized institutions, dedicated to hernia surgery to 18% in Denmark and a few percent
in Sweden [6].
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2.1. General anesthesia

Theoretically, general anesthesia is ideal for the operator, providing patient immobility and
muscular relaxation if required. Large, complex, or incarcerated hernias can be repaired in
the confident knowledge that any unforeseen intraoperative difficulty can be dealt with. In
addition, general anesthesia can be combined with regional anesthetics infiltration for better
postoperative pain control [7, 8].

General anesthesia has, however, a number of disadvantages. Systemic and sedative effects of
the anesthetic can delay recovery so an unplanned overnight stay needs to be provided. This type
of anesthesia can result with postoperative nausea and vomiting (PONV) and urinary retention
in elderly patients or in children who also prolong recovery. Of course, not negligible is the fac-
tor that the use of general anesthesia is significantly more expensive than local anesthesia [9].

The use of endotracheal tube (ET tube or ETT) has been a standard method of providing
secure airway during general anesthesia. ET reliably provides a pathway from an outside
source of air to the lungs, when placed correctly. ET makes easier to use and adjust ventilator
and breathing parameters, deeper levels of anesthesia possible and offers good protection
from aspiration and aspiration pneumonia. However, the use of ET is not without risks, such
as failed intubation resulting in broken teeth, sore throat, injuries of lips, mouth or pharynx,
and damage to vocal cords, can result in hoarse voice, exacerbation of asthma in susceptible
people, increased or decreased heart rate, and changes in blood pressure due to nervous sys-
tem effects, injuries of spinal cord, and even brain damage or death.

Introduction of the laryngeal mask airway (LMA) has been a revolutionary development in
airway management over the last decades. It was used clinically in 1981 by A. Brain for the first
time and has been widely used in Germany since 1990. Originally intended as a substitute for
conventional mask respiration for short periods of general anesthesia, the laryngeal mask is in
the meantime used in many areas as an alternative to elective endotracheal intubation as well
as an option for controlling difficult airways. Advantages over endotracheal intubation that
these devices offer make them excellent choice for outpatient anesthesia. Placement and man-
agement of LMA requires lower dose of anesthetic than an endotracheal tube. In addition, the
use of neuromuscular blocking agents is rarely necessary; the incidence of airway morbidity is
lower; and the use of LMA may facilitate faster recovery and earlier discharge of patients. Two
limitations of LM As are incomplete protection against aspiration of gastric contents and inad-
equate delivery of positive pressure ventilation. Newer variants of the original laryngeal mask
airway as well as an array of other recently developed supraglottic airway devices (SGAs),
which aim to address these limitations. Their utility and safety in specific patient populations
(e.g., the morbidly obese) and during certain procedures (e.g., laparoscopic surgery) remain
to be determined [10]. It is suggested that general anesthesia should be combined with ilioin-
guinal nerve block for better postoperative pain control and faster mobilization of patients [8].

2.2. Spinal or epidural anesthesia

Great intraoperative analgesia and relaxation can be achieved with spinal anesthesia. Local
vasoconstriction in the inguinal and pelvic regions (compensation from lower limb vasodilation
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as a result from sympathetic block) provides excellent operating conditions with dry oper-
ative field. However, spinal anesthesia may produce a prolonged duration of sensory and
motor block, and arterial hypotension so discharge from hospital may be delayed. This has
stimulated the development of alternative agents, including combinations of local anesthetics
and opioids. Intrathecal opioids added to low-dose local anesthetics produce a synergistic
effect without increasing the sympathetic block or delaying discharge. Attention to technique,
reduction of dose, and addition of fentanyl to lidocaine result in effective spinal anesthesia
with rapid recovery and a low incidence of significant side effects or complications [11, 12].
If the limb is protected and adequate support is available at home, patients may safely be
discharged with some residual sensory or motor blockade. Of course, patients must receive
written instructions about their behavior until normal power and sensation returns and expla-
nations about nature and expected duration of the blockade.

2.3. Local anesthesia

Local infiltration of anesthetics with or without local nerve blocks and system sedation gives
excellent intraoperative analgesia, and it is undoubtedly the method of choice for repairing
uncomplicated primary inguinal hernias in most patients [13]. Because there is no motor
block and no systemic effect (provided sedation has not been given in excess), mobilization
is rapid, and the technique is thus ideally suited to ambulatory surgery. Furthermore, local
anesthesia administered before the incision produces longer postoperative analgesia because
local infiltration, theoretically, inhibits build-up of local nociceptive molecules and, therefore,
there is better pain control in the postoperative period.

Today, lidocaine (that provides fast onset of anesthesia) in combination with bupivacaine
(provides longer duration of anesthesia—up to 6 h) is anesthetics of choice in hernia surgery.
Reduction in onset time has been reported with the addition of sodium bicarbonate 1 mEq per
10 mL of lidocaine [13, 14].

Recent efforts in decreasing concentrations of local anesthetics, reducing local and systemic
toxicity, and prolonging their effect have resulted in encapsulation in liposomes, complex-
ation in cyclodextrins, and to a little extent in gold nanoparticles. However, with the promis-
ing future of lipid nanoparticles application in biomedical fields, more multicenter clinical
trials are needed to be carried out [15].

In spite of everything, local anesthesia is admittedly more demanding of the surgeon, requir-
ing accurate sharp dissection and gentle handling of tissues. Moreover, teaching hernia repair
to the trainee with an awake patient presents its own challenges, especially when application
of most local anesthetics results in different degrees of local vasodilation, and, after adminis-
tration of large doses, this contributes to the hypotension Local anesthetics must be respected
alsoas central nervous system depressants, and they can enhance respiratory depression usu-
ally connected with opioids and sedatives. In addition, seizures provoking concentrations of
local anestetics are lower if patient has elevated carbon dioxide in blood (hypercarbia) [14].

However, some patients are unsuitable for local anesthesia. It is certainly not suitable for
patients with large inguinoscrotal, incarcerated, or complex recurrent hernias, for excessively
obese patients, children, or for mentally impaired patients [7]. Although elderly or medically
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unfit patients may be ideal candidates for local anesthesia, they may be far from ideal for
ambulatory surgery.

3. Preoperative preparation

Preoperative preparation (also known as preoperative assessment) consists of major components:

1. Education of patients and their caregiver about ambulatory surgery settings.

2. Information about planned procedures and postoperative care (important information
should be given in written form)—which is helping patients to make informed decisions.

3. Identification of risk factors, optimization of patient’s health condition.

Member of the multidisciplinary team, trained in preoperative assessment for ambulatory
surgery, needs to prepare patients for day surgery.

Patients ASA grade I or II, younger than 70 years, with unilateral inguinal hernias are amend-
able for examination, assessment, and treatment in the same day. This is called one-stop (sin-
gle-stop surgery) protocol. Such protocols are developed for reduction of patient visits to the
hospital. Many more hernia repairs and other day case procedures could be carried out using
similar protocols [16, 17].

3.1. Fasting

The European Society of Anesthesiologists (ESA) in its guidelines says that it is safe to consume:

¢ (lear liquids (water, clear tea, black coffee, mineral drinks, and clear fruit juice) up to 2 h before
surgery. Milk in large quantities curdles in the stomach and acts like a solid, but smaller quanti-
ties are handled like other liquids and are safe.

* Solid food, up to 6 h before surgery.

An operation should not be cancelled or delayed just because the patient is chewing gum,
sucking a boiled sweet, or smoking immediately before anesthesia administration, but above
is based solely on effects on gastric emptying and nicotine intake (including smoking, nicotine
gum, and patches) should be discouraged before elective surgery [18].

Regarding chronic medications, American Society of Anesthesiologists Committee prepared
extensive list of medications that are allowed prior surgery [19]. Prophylactic antibiotics are
not recommended in laparoscopic or open surgery, except in the presence of risk factors for
wound infection based on patient (recurrence, advanced age, immunosuppressive condi-
tions) or surgical (expected long operating times, use of drains) factors [7].

3.2. Thromboprophylaxis

According to the thromboembolism risk stratification of the latest edition of the American
College of Chest Physicians (ACCP) guideline, deep venous thrombosis (DVT) risk is low,
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less than 10% without thromboprophylaxis. For day surgery patients who undergo open
or laparoscopic procedure, early mobilization and ambulation are preferred over routinely
administered pharmacological thromboprophylaxis.

Of course, a detailed venous thromboembolism (VTE) risk assessment must be a routine
practice. Using pharmacological prophylaxis (if bleeding risk is not increased) is justified in
patients with VTE risk factor at the time of surgical procedure (for example, a previous epi-
sode of VTE) [20].

4. Surgical techniques

The choice of technique used in inguinal hernia repair depends on the following factors.

* Patient condition: Open approach under local anesthesia is maybe better choice in elderly
patients or in patients in poor health who are too weak to safely have a general anesthesia.

* Surgical experience: Not all surgeons are experienced enough in laparoscopic surgery so
they are prone to open hernia repair.

According to European Hernia Society, laparoscopic surgery is recommended in patients
with bilateral or recurrent hernias after open surgery. Unilateral or recurrent hernias after
laparoscopic surgery are eligible for open approach in local anesthesia, if possible [7].

Management of hernia sac during procedure depends of intraoperative findings.

In most cases, it recommended that the hernia sac should be left intact to avoid increase in
postoperative pain [21]. In patient with ascites, resection of hernia sac leads to complications
such as persistent leakage of ascitic fluid [22].

In addition, injury of the spermatic cord structures should be avoided. In prevention of ischemic
orchitis, resection of the hernia sac is recommended with distal hernia sac left in situ in the case
of large inguinoscrotal hernias. All patients should have long-acting local anesthetic wound
infiltration for postoperative pain control [7].

According to traditional teaching, ilioinguinal nerve should be preserved at all times in fear of
the supposed morbidity associated with cutaneous sensory loss or chronic groin pain that can
follow injury of the nerve. However, most patients reported minimal morbidities following
excision of ilioinguinal nerve. Moreover, ilioinguinal nerve excision is an effective and very
well-documented treatment of chronic inguinal pain following hernia surgery. Neurectomy
of ilioinguinal nerve during operation is associated with a lower incidence of chronic inguinal
pain after the procedure according to newer retrospective studies [23].

Surgical experience needed for surgical procedures in ambulatory surgery is not properly
specified. However, according to European Hernia Society guidelines, the learning curve
for open Lichtenstein repair is shorter than for endoscopic inguinal hernia repair (especially
totally extraperitoneal technique) which is between 50 and 100 procedures (the first 30-50 are
the most critical). Careful patient selection and adequate surgical training might minimize
the risks for possible serious complications in the learning curve of endoscopic surgery.
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Interestingly, there does not seem to be a negative effect on outcome when resident instead of
surgeon performs an operation [7].

5. Postoperative management

5.1. Recovery

Recovery from surgery and anesthesia is divided into three parts:

1. First stage: Duration of the first stage ends when the patient is awake, pain is under control
and with protective reflexes recovered. First stage of recovery should be spent in a recov-
ery room with educated nurses—postanesthesia care unit (PACU). Most patients who un-
dergo surgery with a local anesthetic block can bypass the first stage recovery area.

2. Second stage: Lasts until the patient is meeting postoperative discharge criteria. Second
stage should be in premises near to the ambulatory surgery theatre. Of course, these prem-
ises need to be equipped and personnel need to be educated to deal not only with usual
postoperative problems (pain, PONV) but also with emergencies (for example, cardiovas-
cular events or hemorrhages). In addition, the anesthesiologist must be in contact to help
with problems if they arise.

3. Third stage: Ends when the patient has made a full physiological and psychological recov-
ery from the procedure. This may take several weeks or months from procedure.

Since the PACU is high dependency area and may contribute for a significant portion of the
perioperative costs, efforts have been invested to develop strategies to skip first stage recov-
ery area. These strategies are variously called fast track surgery.

Fast track surgery uses different techniques in the care of patients undergoing ambulatory
procedures. That means the use of regional or spinal anesthesia, minimally invasive surgery,
excellent control of pain, and fast rehabilitation (early oral nutrition and mobilization). This
type of surgery shortens recovery time by reducing patient stress response and accompany-
ing organ dysfunction.

Effectiveness of fast track surgery generally depends on three groups of factors as follows:

* Preoperative factors: Careful patient assessment and selection, careful explanation about
the procedure, and what will happen at every stage of the perioperative pathway, includ-
ing early mobilization and resumption of food and drink.

¢ Intraoperative factors: The use of regional anesthesia where possible, combined with min-
imal invasive surgery, avoidance of long-acting opioids, nasogastric tubes, and surgical
drains. Intraoperative fluid therapy should be goal directed to avoid sodium or fluid over-
load, and attention should be paid to maintaining normothermia.

* Postoperative factors: Effective analgesia that minimizes the risk of PONV and allows
early mobilization. Systemic opioids should be avoided where possible and regular oral
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(or intravenous) analgesia with simple analgesics (paracetamol and NSAIDs) should be
used. Hydration should be maintained with intravenous fluids but discontinued as soon as
the patient returns to oral fluids, and PONV should be treated aggressively using a multi-
modal approach to therapy [5].

5.2. PONYV avoidance and treatment

Postoperative nausea and vomiting (PONV) is frequent but distressing consequence of anes-
thesia. Incidence of PONV can be as high as 80% in high-risk patients with incidence of vom-
iting about 30% and nausea about 50% [24]. PONV can result in extended postanesthesia
care unit (PACU) stay with unforeseen hospital admission so we see that PONV results in a
significant increase in overall care costs.

Research in PONYV risk factors started in the 1990s. The identification of PONV high-risk
patients can reduce the number of potential candidates for prophylactic antiemetic pharma-
cotherapy, so reducing costs and antiemetic side effects for patients unlikely to benefit.

Several risk factors have systematically proved to be PONV-independent factors [25].

1.

Patient-related independent factors

Female gender

It is unclear why female gender is more prone to PONV, especially during menstrua-
tion and preovulatory phase of the menstrual cycle. Maybe because of sensitization
of the chemoreceptor trigger zone (CTZ) and vomiting center to estrogen and follicle-
stimulating hormone (FSH). This gender difference in PONV does not exist in children
or patients older than 60 years.

Nonsmoking

Nonsmokers are almost twice as likely as smokers to have PONV. Chronic exposure to
smoke produces changes in liver enzymes that may affect the metabolism of drugs used
in the perioperative period and the ability of these drugs to produce PONV.

History of PONV, motion sickness, or migraine

Patients with previous history of PONV, motion sickness, or migraine are more likely
to suffer from PONV.

Age

In pediatric age, the PONV rate is highest in the 6- to 10-year age group and then
decreases with the start of puberty and further decreases with progressing age.

Obesity

A body mass index (BMI) of more than 30 in patients had been traditionally associated
with PONV. Recent findings suggest that PONV risk is not in relation with increased BMI,
but in patients with other risk factors, increased BMI may increase chance of PONV [26].
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2. Anesthesia-related independent predictors
¢ Use of opioids

Risk of PONV is almost doubled with the postoperative use of opioids. It appears to be
more significant total dose than exact type of drug. If the patient already feels pain, the
use of opioids does not significantly increase the chance of PONV.

* Inhalational anesthetics and use of nitrous oxide (N,O)

Volatile induction maintenance anesthesia (VIMA) is associated with lesser PONV
than balanced anesthesia using opioids but with no differences in incidence of PONV
among the individual volatile anesthetics. Avoiding NZO, which has emetogenic effect,
can lead to reduction in risk of PONV.

* Duration of anesthesia
Increasing the operative duration by 30 min may increase the risk of PONV by 60%.

Although the type of surgery has been identified as a risk factor in numerous reports, its sta-
tus is still somewhat controversial; the specific procedures implicated as particularly emeto-
genic sometimes vary among studies [25].

The risk of PONV should be estimated for each patient. No prophylaxis is recommended for
patients at low risk for PONV. For patients at moderate to high risk for PONYV, regional anes-
thesia should be considered. If this is not possible or contraindicated and a general anesthesia
is used, a multimodal approach that combines pharmacologic and nonpharmacological pro-
phylaxis to minimize risk of PONV should be adopted [25, 27].

Postdischarge nausea and vomiting (PDNV) defined from 24 h postdischarge up to 72 h has an
incidence of up to 55% and it appears that it has different risk factors than those for PONV [27].

5.3. Postoperative urinary retention

Postoperative urinary retention (POUR), inability to void in the presence of a full bladder
immediately after surgery, is relatively common and can occur in 0.2-25% of patients after
inguinal hernia repair [28]. The widely varying reported incidence of POUR reflects its multi-
factorial etiology and the lack of uniform defining criteria. This complication leads to increased
length of stay, increased discomfort, need for invasive catheterizations, and increased costs.

To minimize POUR risk, physician must be aware of preoperative risk factors such as age
greater than 50 years, postoperative narcotic medications, concurrent neurologic diseases
such as stroke, poliomyelitis, cerebral palsy, multiple sclerosis, spinal lesions, and diabetic
and alcoholic neuropathy and over 2 h anesthesia duration [28-30].

History of benign prostate hyperplasia, unilateral versus bilateral hernia repair, body mass
index, and laparoscopic hernia repair are also found significant in some studies [28, 31].

Bladder catheterization is the standard treatment of POUR and is recommended in high-risk
patients for 24 h under adequate antibiotic prophylaxis. Low-risk patients can be discharged
without voiding (see Section 5.5) [30, 32].
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5.4. Postoperative management of pain

Postoperative pain experience is affected by multiple factors, such as the type of surgery, age,
pain threshold, and expectations. Patients can experience postoperative pain for more than 3
days and have reduced quality of life for more than 7 days after operation [33].

Although many patients continue to experience pain and discomfort after discharge, 30-50%
patients do not take adequate analgesia because of misunderstandings and insufficient infor-
mation. For example, pain in elderly patients is often underrecognized and underassessed.
It is important to understand that pain perception and threshold do not decrease with aging
and that elderly patients influenced by their attitude and beliefs may refrain from reporting
pain. To increase compliance, especially among elderly patients, patients with poor education
and those without a strong social network, information on postoperative analgesia should
be conveyed both verbally and in written form thus helping patients assimilate information.

The use of analgesics that provide effect with different mechanisms results in synergistic or
additive analgesia. That allows lower doses for each of analgesics, so diminishing side effects.
Multimodal remains the recommended approach for pain management [34]. Of course, obvi-
ous measures to minimize postoperative pain include minimally invasive surgical techniques
and the use of regional and spinal anesthesia. Reliance on long-acting opioids may exacerbate
PONYV and delay recovery and discharge.

Choice of analgesics

* Paracetamol: Paracetamol (also available in combination with opioids) is an analgesic with
few side effects but with a desired opioid-sparing effect (when a nonopioid is combined
with an opioid, the opioid dose can be lowered without compromising pain relief). Oral
paracetamol is 80-90% absorbed from the gastrointestinal tract and displays peak plasma
concentration within 30—-60 min with onset of pain relief after 5-10 min. However, there is
a possibility of higher risk of toxicity from intravenous paracetamol in patients with renal
or hepatic insufficiency.

* NSAIDs: Nonsteroidal anti-inflammatory drugs (NSAIDs) have an established role as ef-
fective analgesics for day-case surgery and can, provided there are no contraindications,
be prescribed to all patients. To allow time for strongest analgesic effect, NSAIDs need to
be use either preoperatively or early during surgery because of slower start of analgesia in
comparison with opioids. Use of nonselective NSAIDs or the more selective COX-2 inhibi-
tors in the first 3 postoperative days has been shown to produce adequate analgesia, reduce
the need for opioids, and facilitate a faster recovery compared with opioid-based analgesia.
Additionally, studies indicate synergistic effects on opioid reduction when paracetamol
and NSAIDs are prescribed together [34].

* Opioids: Opioids such as fentanyl or morphine can be used for moderate-to-severe pain
in the PACU setting. However, incidence of PONV is significantly higher in patients who
received opioids and higher in patients who received morphine instead of fentanyl. Other
side effects of opioids are sedation, constipation, pruritus, respiratory depression, and uri-
nary retention. A reliance on opioids for perioperative pain management may even cause
acute opioid-induced hyperalgesia in some patients. Therefore, multi-modal analgesia is
preferable and use of long-acting opioid is discouraged [34].
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¢ Ketamine: This N-methyl p-aspartate (NMDA) receptor antagonist provides significant
opioid-sparing effects that can be long lasting. Low doses (0.1-0.15 mg/kg) make it possible
to achieve this desirable analgesic outcome without the significant adverse effects, such as
dissociation and hallucinations [35]. However, one must be careful because the known side
effects, such as hypotension, bradycardia, postoperative dizziness, and sedation, can occur
thus delaying mobilization and discharge [34].

5.5. Discharge

As mentioned in Section 5.1, there are three stages of recovery. With patient discharge from
hospital, second stage of recovery is completed. Patient is fit for discharge when meets dis-
charge criteria that can be medical and nonmedical.

Medical criteria are as follows:
* Stable vital signs
* Orientated to preoperative stage

¢ Minimal nausea and vomiting

Controllable pain

* No significant bleeding having regard to the procedure.

Nonmedical criteria are as follows:

* An adult to accompany the patient home and to be with them at home for the first 24 h
following surgery.

* Access to a functioning telephone at home.

Physicians experienced in outpatient surgery can use their knowledge and experience to
decide when a patient has recovered sufficiently for discharge. Common anesthetic reasons
for hospital transfer were inadequate recovery, nausea and vomiting, hypotension, and syn-
cope. Surgical reasons for hospital transfer included bleeding, extensive surgery, perforated
viscus, and further treatment. The decision to discharge a patient after day surgery is a
major decision because postoperative care and assistance needs to be provided as if the
patient is in a long-term hospital stay. Because of that, the use of an objective evaluation
system for safe discharge is essential. Post Anaesthetic Discharge Scoring System (PADSS)
was developed by Chung et al. at the Toronto hospital, where it has been used extensively
to determine when patients can be discharged home safely and it has proved to be a reliable
guide [36]. PADSS considers five criteria: vital signs, ambulation, nausea/vomiting, pain,
and bleeding. Requirements to drink and void have been removed from newer version of
PADSS [32].

5.6. Follow-up

Most surgeons ask that their patients to return in about a week for a follow-up visit. At this
time, all stitches will be removed and patient will receive further instructions regarding
behavior, workload, etc. To further reduce patient time and expense for travel and free clinic
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time for new patients, some institutions tend to substitute the standard postoperative clinic
visit with telehealth where patients are contacted via telephone, and stitches are removed at
their GP office [37, 38].

6. Conclusion

Hernia repair in ambulatory surgery center is a trend that is rapidly evolving and it is logi-
cal to expect a further increase in the number of operations, as well as the variety of surgical
procedures in these settings. Despite the enormous progress in the field of one-day surgery,
there is still room for further reduction in postoperative pain, potential to speed-up recovery
of patients with further lowering the costs of treatment(s).
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Abstract

Approximately 350,000 to 500,000 ventral hernias are repaired yearly in the United States.
These hernias include congenital umbilical hernias, incisional hernias from previous sur-
geries, or epigastric hernias. The crux of hernia repair is honoring the principle of achiev-
ing a tension-free repair, often achieved with utilization of a synthetic mesh. Over the
last quarter of this century, laparoscopic ventral hernia repair has established itself as a
valuable tool in repair of ventral hernias, with the advantages of reduced postoperative
complications. More recently, the adaptation of the robotic platform has given another
tool to perform ventral hernia repairs. The aim of this chapter is to describe the evolution
of ventral hernia repairs and highlight the robotic approaches to repair.

Keywords: robotic ventral hernia repair, incisional hernia, umbilical hernia, robotic
surgery introduction

1. Introduction

Ventral hernias are a classification of hernias affecting the abdominal wall. Included in this
definition are epigastric, umbilical, Spigelian, and incisional hernias [1]. Repair of these
hernias remains one of the most commonly performed procedures with more than 350,000
performed per year in the United States (SAGES) [2]. In addition to the cosmetic detriment,
these hernias also pose a risk for bowel ischemia and strangulation, which can result in grave
consequences.

Early descriptions of ventral hernias were evident in tomb paintings from ancient Egypt.
Servants and workmen were depicted with abdominal protrusions [3]. Historian George
Moritz Ebers (1837-1898) obtained an ancient papyrus, now referred to as the “Ebers papyrus.”

I m EC H © 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
open science | open minds distribution, and reproduction in any medium, provided the original work is properly cited. [(cc) ExgIEN
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In that document, additional descriptions of hernias were given. In ancient Greece, Hippocrates
(460-375 BC) also described inguinal hernias [4]. While attempts to operate on inguinal hernias
have been well described through the Middle Ages to the nineteenth century, reports on ventral
hernia repairs during this era were limited.

The first reports of surgical hernia repair were published in the late nineteenth and early twen-
tieth centuries, mostly describing umbilical hernia repair. At the time, surgical repair of hernias
was considered “radical,” with most people preferring reduction with a pad or suspension of
incarcerated hernias [5]. Dr. Lucas-Championniere was one of the first surgeons to describe the
principle of excising the hernia sac and closure of the neck [6]. The next evolution in hernia repair
came in circa 1901, when William Mayo described primary repair using overlapping layers of
fascia, or “pants over vest” technique. He “advocated the overlapping of the aponeurotic structures
which were already at hand, securing a wide area of adhesions in place of edge to edge union”
[7]. Incisional hernias were also recognized in this era. Kenelm Winslow described the experience
of surgeons at the time emphasizing prevention of these hernias by closing incisions in layers.
He also noted that although the repair described by Mayo had become popular, recurrence was
a persistent problem, especially with large hernias [8]. In the early 1960s, knitted polypropylene
mesh was introduced, which revolutionized repair, allowing for decreased recurrence rates. This
repair allowed for additional variations in repair based on the placement of the mesh including
extraperitoneal versus intraperitoneal placement [9, 10].

The evolution of hernia repair continued with adaptation of minimally invasive surgery.
The first laparoscopic ventral hernia repair was described in 1993 by LeBlanc and Booth
[11]. Using 4 to 5 trocars, they repaired hernias in five patients using polytetrafluoroethyl-
ene (PTFE) mesh [8]. Laparascopic ventral hernia repair has become increasingly utilized
in select cases, allowing for increased mesh overlap of defects and reduced postoperative
complications compared to open repair. A limitation to laparoscopic ventral hernia repair,
however, is that it remains a technically challenging procedure with a steep learning curve.

Robotic surgery allows for a way to alleviate the challenges presented by laparoscopic sur-
gery. In 2000, the FDA approved the first robotic surgery system. The first robotic assisted
ventral hernia repair was first described by Ballantyne et al. in 2003 [12] during which a PTFE
mesh was placed and secured with a combination of sutures and tacks. Currently, the use of
robotic ventral hernia repair is growing worldwide as a robotic platform allows for a more
straightforward primary closure of the defect with the aid of wristed instruments. As the cur-
rent body of literature is still evolving, the evaluation of its role as it relates to laparoscopic or
open ventral hernia repairs is yet to be determined.

2. Indications

¢ Incisional hernia
e Umbilical hernia

¢ Spigelian hernia
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* Epigastric hernia

¢ Incarcerated hernia

3. Contraindications

¢ Inability to tolerate general anesthesia
* Dense adhesions

¢ Bowel necrosis

4. Conversion to laparoscopic or open procedure

Conversion to conventional laparoscopy may be necessary if there is malfunction of the robotic
components.

The surgeon should be prepared to convert to an open procedure in the event of significant
hemorrhage, bowel injury, or limited accessibility due to diffuse adhesive disease.

5. Procedure

Materials

¢ da Vinci robotic platform

¢ Endo shears

¢ Blunt grasper

¢ Hook cautery

¢ Available energy source

* Mesh

* (optional) Sterile ruler; ruler provided with marking pen can be used

¢ (optional) Air seal

5.1. Patient setup

After administration of general anesthesia, the patient is placed in the supine position with
arms tucked. The operating table can be rotated to accommodate positioning of the robotic
tower (Figures 1 and 2). Three ports are placed on the contralateral (or any side if hernia is
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midline) side to accommodate the instrument arms and camera. The ports are 5 or 8 mm wide
and are placed 8 to 10 cm apart to avoid instrument collision. If using the da Vinci Si system,
it may help to place bariatric trocar near the anterior superior iliac spine to avoid collision
with the hip during dissection. Utilizing bariatric long trocar will move the instruments away
from the hip, thus allowing for a free range of motion with the instruments. In our practice,
we sometimes also include an accessory port on the opposite side to assist with instrument
exchanges such as sutures and mesh introduction.

5.2. Dissection of the hernia sac

Adhesions are taken down using a combination of blunt dissection using a blunt grasper
and Endoshears. The Endoshears have a versatile use, and when connected to an energy
source, they can function in place of a hook cautery (using either with closed tips or with
one jaw), control bleeding, or aid in blunt dissection (Figure 3). In our practice, we measure
the defect by inserting a sterile ruler into the abdominal cavity. After insufflation is released
to 5 to 8 mmHg, the dimensions of the defect are recorded to allow for adequate estimation
of the defect.

5.3. Mesh selection

A 4- to 5-cm circumferential overlap is desirable for ventral hernia repairs and accommodates for
related shrinkage. Products available include polypropylene and polyester mesh. At our insti-
tution, we most commonly use the polypropylene mesh. The mesh is rolled extracorporeally
and secured with a single stay suture. It is then introduced into the cavity using an accessory

Figure 3. Dissection of hernia sac with Endoshears.
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12-mm port. The mesh repair can then proceed using one of the following methods: intraperito-
neal onlay mesh (IPOM), transabdominal preperitoneal (TAPP), transversus abdominis release
(TAR), and retromuscular repair.

5.4. Intraperitoneal onlay mesh (IPOM)

Repairs using intraperitoneal onlay mesh originated with inguinal hernia repair and soon
found a role in ventral hernia repair [13-15]. The repair is completed by positioning the mesh
over the defect with 4 to 5 cm overlap. The mesh can be secured using permanent or absorb-
able tackers. This can be done using the standard laparoscopic technique. An advantage of
the robotic platform is that with the degrees of freedom, the mesh can also be sewn in. In this
method, two to four tacks can be used to position the mesh if needed. The mesh is secured
with a running absorbable suture around the border.

Early hypotheses associated transfascial sutures and tacks with increased pain; however,
there has been no significant difference in retrospective reviews. Transfascial sutures and
tacking have demonstrated similar pain profiles in available series that analyzed postop-
erative pain, opiate use, and telephone interview follow-up (mean follow-up 30 months).
Transfascial sutures were, however, associated with increased infection rate [16-18]. To date,
there are no comparisons of prospective randomized controlled studies on running suture
versus transfascial sutures or tacking.

5.5. Transabdominal preperitoneal (TAPP) repair

Given the concern for adhesions to mesh, potential for mesh migration, and other complica-
tions associated with intraperitoneal onlay mesh, there has been an increasing interest in more
physiologic repairs. Preperitoneal repair for ventral hernia was first described in 2002, after it
had already gained popularity in the repair of inguinal hernias [19]. In this technique, a perito-
neal flap is created, and after the mesh is secured with tacks, the peritoneum is reconstructed
with intracorporeal sutures. When compared to laparoscopic IPOM, there were no major
differences in outcomes [20-22]. Despite the benefits of laparoscopic preperitoneal repair,
the literature reflects a select few limited case series and case reports using this technique
[23]. This may reflect the technical difficulty of laparoscopy in creating and closing the peri-
toneal flap. The articulating instruments and degree of freedom offered by robotic surgery
can compensate for the difficult maneuvers required to perform a TAPP ventral hernia
repair. The experience with robotic TAPP is evolving and has been demonstrated as a safe
and feasible procedure in small retrospective case series [24]. The procedure starts with adhe-
siolysis and careful delineation of the hernia sac. Upon reduction of hernia sac, peritoneal
flap creation starts. We typically start the dissection on the ipsilateral side of the port mid-
way on the falciform ligament. By gently pulling down on the falciform ligament, a small
area of peritoneum is opened and the dissection is initially carried out in superior to inferior
dissection. Once the peritoneum is opened, the peritoneal flap creation is carried out later-
ally to accommodate the mesh with a 4- to 5-cm overlap. If enough peritoneum is dissected
off of the posterior sheath, the peritoneum can be flexible enough to cover the mesh on the
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ipsilateral side to equally cover the mesh (Figure 4A). The flap can be created either through
single docking with unilateral ports on one side or via double docking with ports on both
sides of the abdomen. In our experience, TAPP repair for primary hernias such as epigastric

Figure 4. (Top) Creation of preperitoneal flap. (A) Lateral edge of peritoneal dissection. (B) Hernia defect and (C) lateral border
of dissection. (Middle) Placement of mesh in preperitoneal space. (Bottom) Closure of peritoneum over the hernia defect.
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and umbilical hernias can be accomplished using single docking; however, for the incisional
hernias, it is preferable to employ double-docking technique by creating a flap starting in the
midline. Upon completion of flap creation, the hernia defect can be primarily approximated
using locking sutures. The mesh can then be placed in the preperitoneal space and secured to
the posterior sheath with either sutures or absorbable tackers (Figure 4B). Upon completing
mesh fixation, the peritoneal flap created can then be used to cover the mesh providing space
for the mesh to integrate with posterior sheath and avoiding contact with intraperitoneal
contents (Figure 4C) [30].

5.6. Transversus abdominis release (TAR)

Although tension-free repairs using mesh have been successful, the patient’s posterior rectus
provides a natural and less costly abdominal wall barrier. In this technique, after reduction of
the hernia, the peritoneum and posterior rectus sheath are dissected from the rectus muscle.
The dissection is then extended laterally and the transversus abdominis muscle aponeurosis
is incised, producing component separation which allows for primary repair of the hernia
defect. The primary repair can be completed using locking sutures, such as the STRATAFIX,
which has been approved by the FDA for fascial closure [25].

5.7. Robotic retromuscular ventral hernia repair (RRVHR)

Component separation, a therapy for extensive abdominal wall defects, can also be achieved
using minimally invasive techniques. Open component separation is still limited by recur-
rence and associated wound complications. Carbonell et al. reported release of the posterior
rectus sheath in the retromuscular space and referred to it as posterior component separa-
tion technique (PCST) [26]. Posterior component separation was also adapted to minimally
invasive techniques using the robot. When compared to laparoscopic ventral hernia repair in
an analysis of Americas Hernia Society Quality Collaborative database, RRVHR was not sig-
nificantly different in terms of direct hospital costs, narcotic requirements but was associated
with increased incidence of seroma [27].

After the hernia is identified and reduced, edges of the hernia sac are delineated and edges
are opened with electrocautery. Once the edges are opened, posterior sheath is separated
from the rectus and the anterior sheath, and the dissection is carried out laterally until neu-
rovascular bundles are found. Care must be taken to avoid disrupting the linea alba as the
dissection is carried out. This should classically be done with ports on the bilateral flank. The
initial dissection can start on one side, and once posterior sheath is separated on one edge of
the hernia sac, additional ports are placed on the contralateral side. The above step is repeated
to separate the posterior sheath from the rectus (Figure 5). Upon completely entering the
retromuscular space, the hernia defect can be approximated using locking sutures and mesh
reinforcement can be performed below the primary repair of the defect. The posterior sheath,
which was separated, is then closed below the mesh using sutures to fully place the mesh in
the retromuscular space. The peritoneum and posterior rectus fascia are both separated from
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Figure 5. Dissection of the peritoneum and posterior rectus sheath to create a retromuscular space.

the posterior rectus muscle. A 4 to 5 cm perimeter is dissected. After repair of the primary
defect, the polypropylene mesh is then placed inside the cavity and secured using a circum-
ferential locking suture. The peritoneum and posterior fascia are then reapproximated using
running locking suture.

6. Tips

* When securing the mesh during IPOM, avoid large gaps, which can allow bowel to become
caught in the mesh

* To obtain an accurate measurement, we can use a sterile ruler with reduction in pneumo-
peritoneum (Figure 6)

¢ If complete closure of the peritoneum cannot be achieved, we can suture borders of perito-
neum to preperitoneal mesh (Figure 7).
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Figure 7. Partial peritoneal coverage of preperitoneal mesh.

7. Considerations

7.1. Cost

The cost benefit to laparoscopic ventral hernia repairs mirrors the clinical benefits of this
approach. With decreased operative times and complications, accounting for readmissions
and recurrences, laparoscopic ventral hernia repair was shown to be cost effective, includ-
ing 1-year follow-up in analysis of both a statewide database and the National Inpatient
Sample [28]. A concern of the use of robotic surgery is the cost of the technology. Consensus
on the impact of cost has been a topic of controversy. As previously noted, laparoscopic and
robotic retromuscular repairs do not significantly differ in terms of direct hospital costs in
an analysis of a large multicenter database [27]. Differences in costs are multifactorial, and
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costs can be distributed in centers where multiple services are utilizing the robot. Kudsi et
al., after finding improvement in operative times, suggested that this may also be an area of
cost savings [29].

7.2. Obesity

Minimally invasive surgery in obese patients can be challenging. Body habitus and exten-
sive subcutaneous tissue can hinder efforts to achieve pneumoperitoneum and maneuver
laparoscopic instruments. Moreover, this population is at higher risk of developing recurrent
incisional hernias and higher risks of complications following repair. Patients with a body
mass index (BMI) > 30 kg/m? have demonstrated poorer outcomes following ventral hernia
repair, have higher rates of recurrence, more complications, and longer hospital stays [30].
The benefits of performing minimally invasive surgery in obese patients can compensate for
the associated difficulties. Minimally invasive ventral hernia repair is associated with lower
complication and recurrence rates. In a retrospective review of 163 obese patients (BMI > 30
kg/m?), Novitsky et al. found significantly lower rates of both complications and recurrences
with laparoscopic PTFE mesh repair compared to open repair. The improved outcomes were
associated with safe entry into abdomen via left upper quadrant, meticulous adhesiolysis,
adequate mesh overlap (4 to 5 cm) and use of 4 to 6 equally spaced nonabsorbable sutures to
secure the mesh [31]. Several other studies have reached similar conclusions, including more
recent retrospective review in 2016 by Froylich et al., who found similar outcomes when com-
paring open to minimally invasive ventral hernia repair [32].

Robotic hernia repair provides several advantages to laparoscopy, but the literature is sparse
for its use specifically in the obese patient population. In a small retrospective review compar-
ing robotic-assisted to laparoscopic repair, where the mean BMI was 31.5 kg/m? the outcome
showed a comparable success rate for robotic repair [33].

7.3. Pediatric patients

In our practice, we do not include pediatric patients; however, minimally invasive ventral
hernia repair has been practiced in this population. The first series of minimally invasive
ventral hernia repair in children was reported in 2006 using 3-mm ports and standard laparo-
scopic equipment with a mean age of 2 years in those with epigastric hernias and 4.2 years in
patients with umbilical hernias, demonstrating that the procedure was safe and feasible [34].
Robotic ventral hernia repair is yet to be reported in this population; however, the scope of
robotic surgery has expanded to include repair of congenital diaphragmatic hernias, chole-
cystectomy, and inguinal hernias.

8. Role of robotics in surgical education

As robotic surgery becomes increasingly integrated into various practices, including cardio-
thoracic surgery, oncologic surgery as well as urology and gynecology, it is also becoming
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important for trainees to become familiar with this technology. Simulation software included
with the system allows trainees to develop skills. During live surgery, the ability to alternate
between consoles provides a similar learning environment to standard open and laparoscopic
surgery without affecting patient safety. A consensus on general surgery training and robotic
training has not been described; however, in the field of urology, the importance of robotic
training has been well recognized as a vital tool for trainees to grasp projecting that it will
become basic skill in the future [35, 36]. In a recent survey addressing attitudes of general
surgery attendings and residents, 73% of residents completed robotic simulator training, with
20% having experience as the primary console operator. One hundred percent of attending
surgeons surveyed believed that robotic surgery training should be included in general sur-
gery training programs [37].

9. Conclusions

The evolution of surgery for ventral hernias has followed developments in inguinal hernia
repair. From trusses and external devices came open repair followed by minimally invasive
techniques. The difficulties encountered with the limits of laparoscopic repair have been alle-
viated by the versatility offered by robotic surgery which includes enhanced dexterity, visu-
alization, and ergonomics. Options for minimally invasive techniques include a wide variety
of techniques reflecting the complexity of abdominal wall components and include intraperi-
toneal onlay mesh, transabdominal preperitoneal repair, transverse abdominis release, and
retromuscular repairs. While the safety and efficacy of all of these modalities has been well
validated, the type of repair should be patient centered.

While cost remains a concern in robotic ventral hernia repair, this is a topic of controversy.
Assessing cost is a complex moving target and is sensitive to metrics such as operative times,
utilization, and maintenance. Analysis of total robotic utilization across all specialties in an
institution may be warranted to capture the true effect on healthcare costs.

As the use of robotic surgery has spread to include ventral hernia repair, it is likely that this
can prove to be true for a broad range of procedures, making the techniques used in ventral
hernia repair useful for building a basic skillset. For our current surgical trainees, this is espe-
cially true, and it is yet to be determined how this will shape general surgery curricula.
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Abstract

Background: Ulceration, leakage, and rupture are considered as the most common
complications of umbilical hernias in patients with refractory ascites due to advanced
cirrhosis. We aim to determine optimal management and outcome after umbilical herni-
orrhaphy or hernioplasty in those patients.

Methods: A retrospective chart review was performed on 37 patients with advanced cir-
rhosis who underwent umbilical herniorrhaphy or hernioplasty at our hospital.

Results: A total of 37 patients (12 female, 32.4%) had refractory ascites, with mean age
of 52.2 +7.7 years (ranging from 37 to 70 years), 30 presented with leaking fluid, 5 with
ulceration, and only 2 with spontaneous umbilical rupture. A total of 33 (89.2%) required
perioperative human albumin transfusion, and only 7 (18.9%) required perioperative
paracentesis. Only five patients (13.5%) required preoperative platelets transfusion.
Propylene mesh was used in seven (18.9%) cases. Eleven patients (29.7%) developed
ascites-related wound complications. Leaking ascites was recorded in three cases (8.1%)
and only one case (2.7%) developed wound dehiscence and required reoperation.
Hematemesis and melena were recorded in three (8.1%) early post operative without
renal deterioration or encephalopathy. No early postoperative mortality.

Conclusion: With meticulous preoperative patient optimization, management of rup-
tured umbilical hernias in patients with advanced hepatic cirrhosis and refractory ascites
is feasible.

Keywords: ascites, hernia, leaking umbilical hernia, cirrhosis, ruptured hernia
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1. Introduction

About 14% of all Egyptian population were tested positive for antibodies against hepatitis C
virus (HCV), indicating that these individuals have been infected with the RNA hepatitis C
virus at some point [1]. However, only 10% of the population is considered as carriers for the
viral RNA and is chronically infected. It was estimated that about half a million people are
newly infected every year [2]. Ascites is a common complication of cirrhosis [3]. Cirrhosis is
common with alcohol abuse and hepatitis virus infection [4]. Raised intraabdominal pressure
leads to umbilical hernia in 20% of those patients [5]. Surgery for patient with liver cirrhosis is
considered a “difficult field” because of many factors, such as deficiency in protein synthesis
and coagulation disorders, in addition to respiratory and lung disease or cardiac dysfunction
associated with late stages [6]. Complications of umbilical hernias in those patients with cir-
rhosis and tense refractory ascites include ulceration, leakage, incarceration, and rupture [7].

Flood syndrome, or spontaneous umbilical hernia rupture, is an important complication
of longstanding tense ascites and end-stage liver disease [8]. Rupture may follow a sud-
den increase in intraabdominal pressure such as vomiting, coughing, and straining of stool
[9]. The spontaneous rupture and evisceration is usually preceded by other factors such as
inflammation that weaken the hernia covering [10, 11].

Other factors which can contribute to the rupture of a hernia are friction by the patient’s
external corset or abdominal support, and lack of adhesions between the bowel and the her-
nial sac allowing the bowel to act as a hammerhead upon the skin [12]. Irrespective of the
pathogenesis of the ventral hernia, a factor that increases the risk of rupture is delayed repair
of the defect [10, 11]. Unfortunately, many surgeons are reluctant to perform elective repairs
because of the risk of increasing operative mortality [10]. However, this attitude exposes those
patients to more risk of rupture or impending rupture announced by skin ulceration or a sud-
den increase in the size of the hernia [13].

Because nonsurgical management of a ruptured umbilical hernia has a mortality rate of
60-80% after supportive care [14], operative management either by local tissue repair or mesh
repair is recommended [9]. Hemodynamic instability and even death may be precipitated by
the loss of a massive quantity of ascites [15]. To assume portal decompression, transjugular
intrahepatic portosystemic shunt (TIPS) can be used for a better control of the ascites that may
allow these patients to undergo surgery [7]. The management of these patients requires a mul-
tidisciplinary approach, and a delay leads to higher recurrence, morbidity, and mortality [5].

The aim of our study is to evaluate the outcome of these patients during emergency situation to
determine the optimal management after umbilical herniorrhaphy or hernioplasty in patients with
advanced cirrhosis and refractory ascites to minimize the morbidity and mortality in such cases.

2. Patient and method

Thirty-seven consecutive cases of patients with liver cirrhosis and tense ascites treated in the
surgery department of Mansoura University Emergency Hospital with ruptured or impeding
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rupture of ventral hernia were reviewed. Exclusion criteria including complicated cases with
strangulated bowel, and those operated electively with normal skin covering.

The average age of the study group was 52.28 years, with a male:female ratio of 2.08:1, 25
men and 12 women. Presentation of hernia that required surgery was: 30 presented with
leaking fluid, 5 with ulceration, and only 2 with spontaneous umbilical rupture. Thirty-three
(89.2%) patients required perioperative human albumin transfusion, and only seven (18.9%)
required perioperative paracentesis. Only five patients (13.5%) required preoperative plate-
lets transfusion.

Surgical procedures were practiced under local anesthesia (32 cases), or spinal anesthesia
(5 cases). A total of thirty cases were managed by using a two-layer repair technique and
7 cases of interrupted sutures using polypropylene and additional layer of polypropylene
mesh. Intraabdominal closed drain and another subcutaneous suction drain were applied
routinely. Patients were followed for 30 days postoperatively in outpatient clinic and after
that either in the outpatient or using phone calls and complications were recorded in these
patients, see Table 1.

Number Percentage
Sex
Male 25 67.6
Female 12 324
Presentation
Ulceration 5 13.5
Leaking fluid 30 81.1
Complete rupture 2 54
Preoperative preparation
Albumin infusion 33 89.2
Paracentesis 7 18.9
Platelets infusion 5 13.5
Surgical technique
Herniorrhaphy 32 86.5
Hernioplasty 5 13.5

Table 1. Demographic data, presentation, and preoperative preparation of the examined group.

3. Results

All the patients of the study group were followed and quantified for early and late postopera-
tive complications. There were no death in the early first 30 days postoperatively, see Table 2.

113



114

Hernia
Number Percentage

Local wound problem 11 29.7

- Seroma 4 10.8

- Hematoma 4 10.8

- Wound infection 3 8.1

Ascites fluid leakage 3 8.1
Complete dehiscence 1 2.7

Table 2. Local wound complications in the examined group.

A seroma, hematoma, or wound infection have been noted in 11 (29.7%) cases, and required
only a local treatment. Ascites fluid leakage appeared in three cases (8.1%) and was treated by
diuretics, albumin transfusion, and ascites drainage. It did not need any surgical intervention.
However, complete dehiscence and rupture of the repair occurred only in one case (2.7%) and
required reoperation in the 10th postoperative day, see Table 2.

On contrary to our expectation, systemic complication in the form of hepatorenal failure or
death did not occur in any case. However, three cases of postoperative hematemesis and
melena were recorded. Only one patient needed endoscopic ligation of active variceal bleed-
ing beside antisecretory and hemostatic treatment and blood transfusion; other two cases
were diagnosed as mild erosive gastritis and responded well to antisecretory and hemostatic
treatment and blood transfusion. One patient presented a dynamic ileus, treated by a naso-
gastric tube and correcting electrolyte imbalance. ICU admission for the treatment of elec-
trolyte imbalance, early signs of encephalopathy, or bleeding varices was needed in six cases
(16.2%) but without any mortality. Late complications as hernia recurrence was recorded in
only one case (2.7%) after 8 months of surgery, see Table 3.

Number Percentage

Systemic complications 11 29.7

- Hematemesis 3 8.1

- Melena 3 8.1

- Renal failure 0 0

- Ileus 1 2.7

- ICU admission 6 16.2

- Death 0 0
Recurrence 1 2.7

Table 3. Systemic complications and recurrence in the examined group.
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4, Discussion

Incidence of hernia in cirrhotics with ascites is 20% [5, 16]. Literature is scarce about spontane-
ous rupture of hernia [10]. Delay in seeking treatment or neglect for early operative interven-
tion increases the risk of rupture [17]. Unfortunately, many surgeons are reluctant to perform
elective repairs because of the risk of increasing operative mortality [10] (see Figure 1). The
delay in repair carries the risk of more protrusion and attenuation of the covering by ischemia
from pressure and stretching [10], resulting in erosion, ulceration, and rupture. Delayed sur-
gical management of cirrhotic patients with umbilical hernia and ascites is associated with
elevated rate of grave complications, and carries the risks of more mortality and morbidities as
incarceration, evisceration, ascites drainage, and peritonitis [18] (see Figure 2). Other reports
found increase in mortality with complicated hernias [11, 18]. However, elective umbilical her-
niorrhaphy is safe and effective in most cirrhotic patients in which ascites is adequately con-
trolled [19] (see Figures 1 and 2).

Other studies have also suggested elective umbilical herniorrhaphy in cirrhotic patients and
described superior results over conservative management to avoid complications associated
with this kind of management [20, 21].

The treatment of cirrhotic patients with umbilical hernia is still controversial [22]. Indication,
timing, and technical aspects of herniorrhaphy in these patients also remain controversial [20].

Hernia repair in these patients remains a procedure with a high morbidity and mortality rate
if it is performed in emergency conditions due to the occurrence of complications [23].

Figure 1. A badly skin stitched leaked hernia reflect the unaccepted surgeon attitude against those cases.
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Figure 2. Leaking or ruptured umblical hernia.

Medical treatment of ascites with diuretics, sodium restriction, and paracentesis should be the
first step in the management. Effective ascites control reduces complications, such as wound
infection, evisceration, ascites drainage from the wound, and peritonitis [24].

In our study group after exclusion of complicated cases with strangulation and bowel resec-
tion, it was noted that local wound problem persisted in 29.7%, and systemic problem in
the form of attack of hematemesis and melena in three cases only (8.1%), with no cases of
hepatorenal and no mortality. ICU admission for six patients (16.2%) is not a complication
and helps our team for better ascites control and to avoid development of encephalopathy.
These facts denote that hernia repair procedure alone is not a risky procedure even during
emergency situation. Urgent aggressive control of ascites and herniorrhaphy or hernioplasty
has near or the same results of elective repair in these patients.

5. Conclusion

With meticulous preoperative patient optimization and good ascites control, the manage-
ment of ruptured umbilical hernias in patients with advanced hepatic cirrhosis and refractory
ascites is feasible, and safe procedure even during emergency situation, mortality reported
by other authors belongs mainly to complications of the hernia especially strangulation, and
to less extent evisceration. Finally all data enforce the opinion that encourage surgical repair
of the hernia once diagnosed on elective base or even during emergency, and avoid waiting
complications, especially strangulation, and subsequent possible bowel resection which car-
ries the main cause for mortality in these patients. More study is needed to determine the risk
factors and may be a new score to predict mortality in these patients.
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Abstract

Repair of complicated, large, or eventrated abdominal wall hernias poses a consider-
able challenge. Not infrequently, synthetic grafts implanted earlier become infected,
entero- or subcutaneous fistulas appear, or emergency conditions like mechanical ileus
or peritonitis develop. In such cases, direct closure of the abdominal wall with sutures or
reinforcement with synthetic grafts is not recommended. Not many surgical techniques
are capable of creating a low tension state. One is bridging of the abdominal wall defects;
another is mobilization of the musculo-aponeurotic elements of the abdominal wall (com-
ponents separation). In this chapter, the use of autologous double-layer dermal grafts and
the technique of bilateral rectus muscle turnover allowing reconstruction of eventrated
hernias in a tension-free way are discussed. In both procedures, only autologous tissues
are used for reconstruction. With autologous dermal grafts, the rate of surgical complica-
tions is 4%, recurrence in the first 24 months is 11%, and the quality of life is significantly
improved. With bilateral rectus muscle turnover, surgical complications occur at a rate of
less than 2%, 24-month recurrence is 0%, and the quality of life is significantly improved.
The technique of the interventions, their indications and contraindications, as well as
their feasibility, advantages and disadvantages are described.

Keywords: infected and complicated abdominal wall hernia, eventrated hernia,
autologous reconstruction, double layer dermal grafts, rectus turning over, recurrence,
quality of life
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1. Introduction

Repair of complicated, large, or eventrated abdominal wall hernias poses a considerable
challenge for surgeons. Conditions characterized by the presence of an eventrated scar
hernia and an extensive abdominal wall defect developed from an initially small ventral
abdominal wall hernia are not infrequent in the surgical practice. Progression of incisional
hernias in laparotomy scars may lead to a similar condition. Reconstruction of abdomi-
nal wall hernias accounts for 3-11% of all surgeries performed in general surgical wards,
depending on the type and profile of the institute. Incisional hernias have a special signifi-
cance in the surgical practice for two reasons: first, they develop as a consequence of an
earlier intervention and have to be corrected, preferably in a definitive way, also satisfac-
tory to the patient; second, abdominal wall hernias cannot always be resolved definitively
despite all efforts. Scar hernias may recur for various reasons. They may be the conse-
quence of inadequate surgical technique; in many cases, however, they are due to lack of
compliance and discipline (strain exerted too early and not in a gradual fashion) on the
patient’s part. The question whether scar hernias are complications or natural corollaries
of surgical interventions has been asked by several authors [1]. Whatever the reason, flat
abdominal muscles lose their adherence partly or completely along the linea alba in the
midline of the abdominal wall, and a progressive, well-defined, and well-known vicious
circle is started. Since the reconstructed abdominal wall must resist, as much as possible,
the intra-abdominal pressure—which often rises abruptly —as well as tension due to physi-
cal strain, reinforcement of the abdominal wall is a key factor in the surgery of abdominal
wall hernias. Four kinds of techniques, each fundamentally different from the other, have
evolved for the repair of abdominal wall hernias. The first is direct abdominal wall suture,
with a synthetic mesh implanted in one of the following positions: epifascial (onlay), inter-
fascial (inlay), or subfascial (sublay) [2, 3]. The second is the so-called components separa-
tion technique, in which closure of the defect is achieved by specific release of individual
muscular components in the abdominal wall [4]. The third is laparoscopic abdominal wall
reconstruction, in which a synthetic mesh is used to reinforce the abdominal wall [5]. The
fourth technique involves bridging or replacement of the abdominal wall defect using syn-
thetic or biological substances [6-8]. The common objectives of all these techniques are
reducing the incidence of surgical complications, lowering recurrence rate, and improving
the patients’ quality of life.

Infected/compromised and eventrated abdominal wall hernias account for 1-8% of all (ventral
and incisional) abdominal wall hernias in various institutes [9-10].

Treatment of complicated, large, or infected incisional hernias places a considerable burden
on the patient, the hospital staff, the GP, as well as the social insurance [11-15].

The common objectives of all procedures performed in such cases are: (1) elimination of con-
tamination in the abdominal wall environment; (2) closure of the abdominal wall defect with as
little tension as possible; (3) maintenance of near-normal intraabdominal pressure; (4) reduction
of postoperative surgical complications; (5) reduction of hernia recurrence; and last but not the
least (6) improvement of the quality of life.
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1.1. Definition, terminology

The use of a unified and unequivocal terminology is essential in the surgery of abdominal
wall hernias. The nomenclature follows the recommendations of the European Hernia Society
(EHS) [16]. Ventral abdominal wall hernias are defined as abdominal wall defects of nonsurgical
origin, through which intraabdominal tissues and organs leave the abdominal cavity and enter
among subcutaneous tissues. Ventral hernias are located in an area bordered by the bilateral
anterior axillary line, the costal arches, and the pubic bone. Incisional abdominal wall hernias are
defined as abdominal wall defects developing in the scars of an earlier surgical intervention
allowing tissues and organs to leave the abdominal cavity and enter among subcutaneous
tissues. Medial abdominal wall hernias are defined as hernias between the medial margins of the
bilateral rectus abdominis sheaths; they can be M1: xyphoidal, M2: epigastric, M3: umbilical,
M4: infraumbilical, and M5: suprapubic hernias. Lateral abdominal wall hernias are defined as
abdominal wall defects located lateral of the outer margin of the rectus abdominis sheath, with
L1 being subcostal, L2: iliac, L3: lumbar, and L4: inguinal. In small abdominal wall hernia, the
longest diameter of the abdominal wall defect is less than 2 cm. In medium-sized abdominal
wall hernia, the longest diameter of the abdominal wall defect is between 4 and 10 cm. In large
abdominal wall hernia, the shortest diameter of the abdominal wall defect is at least 10 cm.
Midline scar hernias are defined as incisional hernias developed in the scars of median laparoto-
mies. Lateral scar hernias are defined as incisional abdominal wall hernias located lateral of the
rectus abdominis sheath. Recurrent abdominal wall hernias are defined as scar hernias that have
been repaired at least once in an earlier surgery. They consist of two basic components: the
abdominal wall defect and the hernia sac with the hernia contents. It should be borne in mind
that an abdominal wall protuberance is not an abdominal wall hernia by definition. A seroma
is a circumscribed, encapsulated pocket of interstitial noninfected fluid developing between
the abdominal wall fascia and the subcutis in the operative area. A diffuse, unencapsulated
collection of fluid is not to be interpreted as a seroma. An enterocutaneous fistula is an abnor-
mal passage allowing chronic communication between two epithelial surfaces (e.g., the small
or large intestine and the skin). A subcutaneous fistula is a chronic abnormal communication
system connecting the abdominal wall superficial fascia and the implanted synthetic/biologi-
cal material. Graft is a fixed synthetic or biological material without blood supply of its own
implanted over, under, or among the abdominal wall fascia. Flap is a tissue with its own blood
supply transferred from another area of the body to cover or replace the abdominal wall defect.
Synthetic grafts are man-made substances (polyethylene, polypropylene, and teflon) used to
reinforce the abdominal wall. Xeno- and allografts are specially prepared biological substances
of animal (porcine, bovine) or human origin used for reinforcement and/or replacement of the
abdominal wall in special cases. Autografts are tissues collected from the patient’s own body,
suitable for replacement and/or reinforcement of abdominal wall defects. A superficial wound
infection is an inflammatory process at the site of the operation affecting exclusively the skin
and the subcutaneous fatty tissue. A deep wound infection is an inflammatory process at the site
of the operation affecting the skin, the subcutaneous fatty tissue, the abdominal wall fascia,
the muscles, as well as the implanted mesh. The abdominal cavity is not affected by this pro-
cess. Wound dehiscence is partial, clean, or clean-contaminated rupture of continuity affecting
the skin and the subcutaneous tissue. Centers for Disease Control and Prevention (CDCP) wound
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environment: classification of wounds by cleanliness into four categories. CDCP 1: clean, sterile;
CDCP 2: clean but contaminated; CDCP 3: infected; CDCP 4: severely contaminated, necrotic.
An infected abdominal wall hernia is defined as confirmed bacterial infection of the implanted
synthetic graft or biological substance with simultaneous recurrence of the hernia. Earlier
reconstructive surgery and recurring hernia are both assumed. Compromised graft: current or
earlier bacterial infection of a synthetic graft. At best, it means a potentially contaminated envi-
ronment (CDCP 2). The term complicated is used for incisional abdominal wall hernias which
have recurred once or several times, featuring a compromised, or infected, synthetic graft and/
or enterocutaneous fistula, with its hernia gate at least 10 cm in diameter. Abdominal wall inci-
sional hernias with hernia sacs corresponding to at least 50% of the volume of the abdominal
cavity, or chronically containing more than 50% of intraabdominal organs as defined by some
authors [17], are called eventrated. The terms “loss of domain” and “loss of abdominal wall
domain” are commonly used in the literature.

1.2. Aim of the chapter

1. Presentation of the technical details of reconstructive surgery using autologous double-layer
dermal grafts in large recurrent infected abdominal wall hernias.

2. Discussion of short- and long-term outcomes and the results of quality of life studies fol-
lowing surgery with dermal grafts.

3. Computed tomographic (CT) examination of the musculoaponeurotic elements of the abdom-
inal wall and discussion of its importance in the design of full midline giant abdominal wall
hernia operations.

4. Presentation of the technical details of bilateral release and turnover of the rectus abdominis
muscle and subsequent midline recreation, a surgical technique developed for the resolu-
tion of eventrated midline abdominal wall hernias.

5. Discussion of the short- and long-term outcomes of rectus turnover and changes in the
quality of life following surgery.

2. Use of autologous double-layer dermal grafts in infected/recurrent
large abdominal wall incisional hernias

2.1. Surgical technique

The intervention is performed under general intratracheal anesthesia in a state of com-
plete muscle relaxation. A wide laurel-leave-shaped skin incision is made crosswise (never
median!) between both spina iliaca anterior superior. The cutaneous-subcutaneous pannicu-
lus is removed (dermolipectomy), with the greater omentum carefully spared. The synthetic
mesh implanted earlier is completely removed. The abdominal wall edges left behind should



Significance of Autologous Tissues in the Treatment of Complicated, Large, and Eventrated...
http://dx.doi.org/10.5772/intechopen.68874

be strictly intact. The hernia sac should be spared if possible. In the case of multiple hernia
gates, individual intact abdominal wall bridges are not opened into each other.

2.1.1. Preparation of the dermal grafts

The retained panniculus is stretched in all directions, and the epidermis is completely removed
(Figures 1 and 2). The next step is removal of the subcutaneous adipose tissue (Figure 3). The
prepared dermal graft is stored in a 2:1 solution of H O, -povidone iodine until being used. An
adequately prepared dermal graft contains the reticular and vascular layers, as well as a small
amount of adipose tissue, without epidermal elements, hair follicles, sebaceous, or sweat glands
on its surface (Figure 4). The dermal graft is then cut to size in a way that its margins extend
beyond the margins of the abdominal wall defect by at least 5 cm. On the basis of our own
measurements, a dermal graft can be expanded to 130-135% of its original size when stretched.

2.1.2. Crucial steps of the procedure

The graft is placed in the abdominal cavity with its original surface facing outward. Two
procedures may be used here, depending on the status of the greater omentum (intact or
not). In case there is no greater omentum, the spared hernia sac and the peritoneum are cir-
cularly separated from the inner surface of the abdominal wall, corresponding to the size
of the implanted graft. The hernia sac and the peritoneum are closed with 3/0 absorbable
thread, and then the graft is placed over the closed peritoneum. The first graft complements
the abdominal wall defect. The edges of the abdominal wall are fixed to the graft circularly
using 3/0 nonpenetrating, knotty, nonabsorbable stitches (Figure 5).

Figure 1. An appropriately stretched panniculus. The subcutis is not yet removed. The dermis is homogeneous without
visible scars.
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Figure 2. Removal of the epidermis. You can see removed epidermal elements on the blade. The blade is held tilted at
approximately 30°. The lighter and darker sections of the dermis are clearly visible. The lighter section corresponds to
the graft without the epidermis, while the darker section still contains the epidermis. The dermis must not be damaged
during removal. Make sure that all epidermal elements are removed.

Figure 3. Removal of the adipose tissue. It is not necessary to remove the whole adipose tissue element. The numerous
viable ADSCs in the adipose tissue (+250,000-400,000 cells/5 ml homogenized adipose tissue) play an important role in
the integration of the dermal graft.
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Figure 4. Histological picture of an adequately prepared dermal graft. There are no epidermal elements or signs of
penetrating or partial dermal lesions. HE stain 100x.

Figure 5. Placement of the first dermal graft. The inner graft is fixed with knotty, nonabsorbable 2/0 stitches with an
overlapping margin of at least 5 cm. Intact abdominal wall edges must be constructed. These edges should then be
fixed to the dermal graft with knotty, nonpenetrating stitches. There is no direct abdominal wall suture. The area of the
abdominal wall defect is 168 cm? The placement of remote stitches is considerably easier when an instrument specifically
designed for the purpose is used.
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In the next step, the second graft is cut to size with its margins extending beyond the margins
of the abdominal wall by approximately 2 cm. The graft is placed with its original surface
facing inward. This way, the original epidermal surfaces face each other. Like the first one,
the second graft is fixed to the abdominal wall fascia with nonabsorbable knotty stitches, in
a nonfully stretched state (Figure 6). The outer dermal graft can also be applied perforated
(Figure 7). The surgical area is rinsed with a 2:1 solution of H,O,-povidone iodine, with two
or three suction drains left behind. The subcutis is “anchored” to the abdominal wall fascia
with 8-10 absorbable stitches. The wound must be closed tension-free, using double-layer
nonabsorbable subcutaneous and knotty or intracutaneous skin sutures (Figure 8).

Figure 6. The second dermal graft (two pieces) in a fixed state. The hernia had an extension of 178 cm? The knotty
stitches used for fixing are clearly visible. The original dermal surface looks inward.

Figure 7. Reconstruction of L, recurrent infected abdominal wall hernia using a double-layer dermal graft. The outer
graft is perforated as seen. Integration is probably faster with perforated grafts.
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Figure 8. The wound must be closed tension-free. To achieve this, the skin-subcutis must be mobilized to the required
extent. The sufficiently thick adipose tissue layer, a key factor in the integration of the second graft, is clearly visible. The
adipose tissue should be protected as much as possible during surgery. It should be raised with a wet wipe, without
using sharp, traumatizing hooks. Any worn-out adipose tissue particles are removed at closure.

2.1.3. Complications, recurrence and quality of life following abdominal wall reconstructions with
autologous double-layer dermal grafts

Reconstructions with autologous double-layer dermal grafts are not free from complications.
Hematomas (2.5%), superficial wound infections (3%), and deep wound infections (2.5%) are
the most frequent complications in the early postoperative stage. In the late postoperative
period, diffuse fluid build-up is the most common complication (17%). These fluid collec-
tions, however, are not circumscribed real seromas and can be successfully treated by percu-
taneous or ultrasound-guided puncture. Genuine subcutaneous seromas are very rare and
require surgical exploration. Deep infection in the surgical area may lead to the formation
of subcutaneous fistulas (2.5%), which must be removed surgically as they are not likely to
resolve spontaneously. Inadequate preparation of the dermal grafts (epidermal elements,
such as sebaceous glands or hair follicles, left on the surface) may also lead to complica-
tions. An adequately prepared dermal graft should contain nothing but the stratum reticularis
and the stratum vascularis of the dermis, with a minimum amount of subcutaneous fatty
tissue islands, but without any epidermal structures. Dermal grafts have no blood supply
of their own. The grafts serve as a kind of connective tissue “scaffolding” for integration
and remodeling. Neovascularization starts partly from the subcutaneous adipose tissue and
partly from the greater omentum. The process takes 4-5 weeks. Adipose-derived stem cells
(ADSCs), present in large quantities in the fatty tissue, play an important role in angiogenesis
and connective tissue remodeling (Figure 9). Without remodeling and integration, the her-
nia will recur. Recurrence is invariably preceded by the dermal graft becoming lax, followed
by recurrence of the hernia. Abdominal wall laxity occurs in 10-15% of the cases after such
operations. Laxity develops in the first 12 months, and recurrences occur in the first 2 years.
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Figure 9. ADSC in vitro culture can be seen in the picture. The cells are derived from the abdominal subcutaneous
adipose tissue harvested during dermal graft reconstructive surgery. The cells have vital role in the integration and
restructuring of autologous dermal grafts. ADSC cells are the elongated rice-grain forms in the picture. (No stain, native
photograph of the cell culture, 300x, the author’s own research, photogpaphed by Maté Rézsahegyi).

Predisposing factors include smoking, diabetes mellitus (DM), chronic obstructive pulmo-
nary disease (COPD), negligence of the use of elastic trusses, and physical activity too inten-
sive or started too early following surgery (Table 1). The rate of recurrence can be reduced
provided the patients wear the hook-and-loop elastic truss for long enough and in the right
way, properly fitted. Medium or heavy physical load should be avoided during this period.
Patients are recommended to follow a regimen of light meals several times a day, avoid foods
that cause bloating, and lose weight. If the hernia recurs, further dermal graft reconstruc-
tion is usually no longer feasible, as grafts of the required quality and quantity are no longer
available after the previous operation. In such cases, components separation, rectus muscle
turnover, reinforcement with a synthetic or biological graft, or reconstruction using pedicled
or free musculoaponeurotic flaps may be considered.

In case the surgical intervention is performed in a complicated CDCP 2-3 (infected synthetic
mesh, enterocutaneous, or subcutaneous fistulas) or CDCP 4 (peritonitis, necrotic abdominal
wall) environment, the patient should receive antibiotics. The recommended regimen is i.v.
amoxicillin-clavulanic acid 1.2 g three times a day for 5 days (or i.v. cephalosporin 2 g once a
day ori.v. clindamycin 600 mg three times a day in case of hypersensitivity to penicillin) and i.v.
metronidazole 15 mg/kg/day. No antibiotic is required for surgeries in CDCP 1 environment,
unless the operation lasts longer than 180 minutes [18, 19]. To prevent deep venous thrombosis
and pulmonary embolism, subcutaneous enoxaparin 0.6-0.8 ml once a day should be admin-
istered prophylactically for 3 weeks from the second postoperative day. Mobilization should
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start on day 2 following the operation, assisted by a physiotherapist, with loading applied in a
stepwise fashion. First, the patient is allowed to sit up from a supine position, and then stand
up with help in the beginning. Gradual mobilization without the risk of overexertion is one
of the most important postoperative rules to be observed in these cases. Postoperative pain
gradually subsides (measured on a 10-point numerical rating scale, RNS). On day 1 following
surgery, the mean score of pain intensity was 5.9 + 1.7, which decreased to 3.4 + 0.76 by day 5.
Ninety percent of the patients reported that the intensity of pain was significantly lower fol-
lowing surgery with dermal grafts compared to earlier abdominal wall reconstruction(s), and
100% would prefer reconstruction with dermal grafts if allowed to choose.

With regard to the quality of life, 30 months after the operation, 84% of the patients are satis-
fied with the result of the intervention and their load capacity. They have had no significant
difficulty sitting or standing up from a supine position since the third postoperative month
and more than 82% of the patients would opt for dermal graft surgery as opposed to earlier
interventions. Recurrences generally occur at months 12-24. Return to presurgery activities
should be gradual. In the first 4 weeks, the patients are allowed nothing but light strolls
while wearing their elastic trusses; they must avoid carrying any load. In the second 4-week
period, light physical load is permitted: the patients may lift loads of 2-7 kg, walk or stroll, or
go for a light swim. At weeks 9-12, they may return to their earlier activities but should wear
the elastic truss during the day. Cycling is allowed. To protect the reconstructed abdomi-
nal wall and prevent it from becoming lax again, the patients should continue wearing the
truss in case of major physical strain (Table 2). Subcutaneous or enterocutaneous fistulas are

Quality of life statistical data

Month 1 3 6 9 12 18 24 30

Avg. satisfactory ~ 22+0.31 23+038 2.6+0.13 27+031 24+052 24+0.1 21+023 23+042
score (1-3)

Avg.painscore  53+051 42+030 39+044 41:010 30:019 23+028 3202 28+046
(1-10)

Which procedure  1.0+0.0 1.0+00 12+02 14+021 135+043 145+023 137+021 147+0.54
would you choose

if you decided

now? (1-2)

Doyouwearthe 1.0£00 1.0+00 1.2+0.11 1.25+036 1.19x045 1.67+0.67 2.0+0.0 20+0.0
elastic bandage
regularly? (1-2)

How difficult to sit 1.78 1.9 2.36 2.53 2.73 2.83 2.73 2.76
up? (1-3)

How difficult to 1.59 1.77 2.36 2.5 2.62 2.58 2.56 2.65
stand up? (1-3)

Have the daily 1.8 1.9 1.9 1.9 1.8 1.6 1.7 1.7
routine been

affected by the

procedure? (1-2)

Abbr: Avg: average.

Table 2. Changes in quality of life between months 1 and 30 following surgery.
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invariably eliminated by adequately performed surgery, a fact appreciated by patients much
more than the repair of the recurrent hernia itself. The use of double-layer dermal grafts
improves the quality of life in both the early and the late postoperative periods. Since the
intraabdominal pressure is low following the interventions (12.1+2.3,11.3+3.1,9.5+1.3 8.7
+2.2,and 7.2 £ 1.9 mmHg on days 1-5 after surgery), pain is less intense, making mobiliza-
tion significantly easier and more successful. Patients should be checked every 6, then every
12 months in the first 2 years; follow-up visits should include physical examination in supine
and standing position, as well as abdominal ultrasonography.

3. Bilateral rectus abdominis muscle release, turning-over and recreation
of the midline gap in the cases of eventrated loss of abdominal wall
domain hernias

Complete lack of the midline, with the bilateral rectus abdominis muscles moved further away
from each other, leading to medial abdominal wall hernia and eventration, is a well-known
phenomenon following serial intraabdominal surgeries (Figures 10 and 11).

Following open abdomen treatment or intraabdominal serial surgeries, the medial section of
the abdominal wall usually heals per secundam intentionem between the medial margins of the
dynamically lateralizing rectus abdominis muscles [20, 21]. This state makes the patients dis-
abled not only in an aesthetic sense but also functionally. The procedure consists in a tension-free

Figure 10. Eventrated, loss of abdominal wall domain, complicated hernia having recurred four times. The skin shows
signs of contact dermatitis and fistula ducts. The fistulas started from the level of the infected synthetic mesh. The
BMl is 57.1 kg/m? Primarily, the 62-year-old male patient underwent surgery for necrotizing pancreatitis and extensive
retroperitoneal necrosis. The area of the abdominal defect, 19 cm wide at its largest extension, was 676 cm” The medial
margin of the rectus abdominis muscle was located at the medioclavicular line. The main complaint in such cases, apart
from the aesthetic aspect, is the abdominal wall’s lack of loading capacity. The incision line is precisely marked out on
the operating table, right before the operation.
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Figure 11. Changes in the size of the midline gap and the combined width of the bilateral rectus muscles in cm. As can
be seen clearly, the two lines intersect at month 12 and the combined width of the turned-over bilateral rectus muscles
can cover the gap until about month 18.

recreation of the midline and the linea alba, lateral release of both rectus abdominis muscles from
the posterior fascia of the rectus sheath, their turning-over at a degree of 180° toward the midline,
with blood supply to the muscles retained. Only the spared hernia sac and the intact bilateral
rectus abdominis muscles are used for the reconstruction.

3.1. Significance of preoperative computed tomography to perform the rectus muscle
turning-over procedure

The evolution of abdominal wall hernias (including dynamics, time course, and changes in the
size of the bilateral rectus muscle) after intraabdominal serial surgeries and/or open abdomen
treatment follows a typical course [22]. The combined width of the bilateral rectus muscles is
sufficient to cover the midline abdominal wall defect in a tension-free way, but performance
of the intervention has an “optimal” time interval (Table 3 and Figure 12). Detailed and pre-
cise evaluation of the musculoaponeurotic elements of the abdominal wall is essential before
reconstructive surgery with the rectus muscles. Feasibility of the intervention must be assessed
by CT/MR imaging prior to surgery. The bilateral rectus muscles will be able to cover the com-
plete midline abdominal wall defect free of tension if their combined width is nearly the same.



Significance of Autologous Tissues in the Treatment of Complicated, Large, and Eventrated...
http://dx.doi.org/10.5772/intechopen.68874

T, T, T, T, T, T,
Avg. midline gap (cm) 3.94 5.57 9.2 14.1 16.3 19.7
Avg. rectus sheath thickness (cm) 1.38 1.28 1.24 1.2 1.09 0.98
Righ rectus sheath width Th-XI, (cm) 7.36 7.27 7.08 6.89 6.7 6.49
Left rectus sheath width Th-XI (cm) 7.46 7.34 7.25 6.99 6.55 6.23
Righ rectus sheath width L-II (cm) 7.72 7.7 7.36 7.12 7.01 6.93
Left rectus sheath width L-II (cm) 7.8 7.85 7.43 7.2 7 6.85
Righ rectus sheath width L-IV (cm) 5.16 5.02 4.89 4.83 4.69 457
Left rectus sheath width L-IV (cm) 527 5.13 4.87 4.83 4.68 4.63

Abbr: Avg: average, T, : Time

(0-24)"

Th: Thoracal, L: Lumbar.

(month)”

Table 3. Mean sizes of the rectus muscle and of the abdominal wall defect at various time points. Width of the rectus
sheath was measured at three altitudes, as the rectus muscle width is not the same at various altitudes, featuring
characteristic anatomical morphologies.

Midline gap

L+R rectus muscle

Width (cm)

on Mean

TT wso

04 T T T T T
0 3 ] 9 12 15 18 21 24

I T 1

Months after the primary open abdomen series of operation

Figure 12. Characteristic CT image of an eventrated, loss of abdominal wall domain. The edge of the liver also reaches
into the hernia sac. The bilateral intact rectus muscles (combined width 17.3 cm) and the midline abdominal wall defect
(16.15 cm wide) are clearly visible. The size of the abdominal wall defect was 529 cm?.

3.2. Surgical technique

The operation is performed under general anesthesia in a state of complete muscular relax-
ation. Preoperative antibiotic prophylaxis is not necessary [18, 19]. Following a full median
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or transverse skin incision, the intact hernia sac is not removed, only in case it is severely
damaged. The choice of a median or transverse incision depends on the quality of the midline
skin. In the case of relatively intact skin in the midline, the transverse “bay-leaf” form exci-
sion between the two iliac crest is superior to median incision. The aim is to spare as much as
possible of the hernia sac, which will be the inner layer of the recreated abdominal wall. The
next step is identification of the lateral margin of the bilateral rectus abdominis muscle. After
this, the anterior rectus muscle fascia is incised from the origin to the adhesion of the muscle,
to reveal the rectus abdominis muscle (Figure 13).

Starting from its lateral margin, the full length of the muscle, except its 2-cm medial margin,
is prepared off the posterior wall fascia. During mobilization, at least three minor perforant
segmental arteries and veins are revealed; each of them is dissected and tied up. The origin
of the muscle is separated from the seventh and eighth rib cartilages. The medial half of the
muscular origin (processus xiphoideus, fifth and sixth rib cartilages) is left intact. The arteria
epigastrica superior and inferior vessels are carefully spared. Release of the lateral half of the
muscular adhesion from the symphysis is also performed. The arteria and vena epigastrica
inferior vessels are spared. The released muscle is turned over in the direction of the midline
at a degree of 180° (Figure 14).

The abdominal wall defect is reconstructed in the following way: the spared hernia sac is pre-
cisely cut to size and closed in the midline with 3/0 absorbable monofilament running stitches
(Figure 15). The released rectus muscle is turned over medially at a degree of 180°. The fascia
(originally anterior, becoming posterior when the muscle is turned over) is closed with 3/0
absorbable, monofilament running stitches at a distance of 1 cm from each other (Figure 16).
The rectus muscles laid next to each other are closed in the midline with 3/0 absorbable,

Figure 13. First step of rectus muscle release. The rectus fascia is incised full length 1 cm of the lateral margin of the
muscle in a medial direction and the rectus abdominis muscle is revealed.
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Figure 14. The left-side rectus muscle can be seen properly released and turned over medially. The right hand holds the
turned-over, good-quality muscle, which has good blood supply. The forceps indicate the width of the rectus muscle,
1.32 cm thick and 7.24 cm wide.

Figure 15. First step of midline recreation, closure of the peritoneum. After closing the peritoneum, the posterior
(anterior before the turnover) fascia of the rectus sheath is closed.
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Figure 16. Last step of midline recreation. The two rectus muscles of good quality and blood supply are turned facing
each other and are tension-free. The closure is performed using knotty stitches along the full length of the muscle.

monofilament knotty stitches placed at a distance of 2 cm from each other. Laterally, the fascia
of the obliquus externus and internus muscles is sewn to the posterior wall fascia with run-
ning 3/0 absorbable monofilament stitches (Figure 17). Three suction drains are left behind
in the operative area, one in the midline and one each with lateral outlets (Figure 18). Before
skin closure, the subcutis is fixed to the fascia with 8-10 absorbable, knotty 3/0 subcutane-
ous anchor stitches. The midline is closed with 3/0 interrupted subcutaneous stitches and 2/0
interrupted nonabsorbable monofilament skin stitches. After the operation, before extubation,
an adjustable elastic abdominal wall bandage must be placed on the abdominal wall.

3.3. Complications, recurrence, and quality of life following rectus muscle turning-over
procedure

The rate of surgical complications in the early postoperative stage following rectus muscle
turnover is less than 2%. Superficial wound infections and wound dehiscence requiring local
treatment are the most frequent complications. Normally, there is no need for antibiotic
administration. Deep wound infection occurs in less than 1% of the patients. In such cases,
empiric antibiotic therapy (i.v. amoxicillin-clavulanic acid 1.2 g three times daily or, in the
case of hypersensitivity to penicillin, i.v. clindamycin 300 mg three times daily for 5 days) or
antibiogram-based targeted antibiotic administration is required, in addition to open wound
treatment. Subcutaneous fluid accumulation, which can be successfully controlled by percu-
taneous tapping, develops in less than 10% of the cases. Genuine seromas are very rare. In the
early postoperative stage, necrosis of the turned-over rectus muscle may theoretically occur.



Significance of Autologous Tissues in the Treatment of Complicated, Large, and Eventrated...
http://dx.doi.org/10.5772/intechopen.68874

Figure 17. The intervention is complete. The muscle covers the midline and is in a fully closed, turned-over position.
Blood supply to the muscle is maintained, it has the proper colour, nonlivid. The bilateral lateral segments, original sites
of the rectus muscles, can be seen clearly. The posterior wall of the rectus sheath and the medial margin of the externus
abdominis muscle are also clearly visible.

Figure 18. The reconstructed abdominal wall. Three drains are left behind, draining the medial and lateral areas.
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It happens when blood supply to the muscle stops during turning-over. Prevention is para-
mount: the arteria epigastrica superior and inferior vessels must be spared applying extreme
caution. Should the vessels be damaged, reconstruction should preferably be performed by
a vascular surgeon. A circumscribed dark purple discoloration may develop on the surface
of the turned-over muscle during surgery; it does not require any intervention and causes no
complications.

The operation does not require antibiotic administration, except when reconstruction of the
eventrated abdominal wall hernia is performed as an emergency for mechanical ileus or
peritonitis. To prevent deep venous thrombosis or pulmonary embolism, the patients are
given s.c. enoxaparin prophylactically in a dose of 0.4-0.8 ml once daily, depending on body
weight, for 3 weeks. On the first 5 days following the operation, the mean scores of pain
intensity on the NRS scale were 6.9 + 2.4, 6.1 + 1.64, 6.2 £ 0.99, 5.5 + 1.1, and 4.7 + 0.67.
Intraabdominal pressure gradually falls during the first 5 postoperative days (13.5 + 2.5, 12.9
+1.7,10,2 + 2.6, 10.1 + 0.3, and 8.2 + 2.4 mmHg). Abdominal wall laxity following recon-
structions with the rectus muscle develops in 2% of the cases; recurrence of the abdominal
wall hernia, however, was not observed during a mean follow-up of 24 months (Figure 19).
Elimination of eventrated hernias leads to a marked improvement in the quality of life. There
is a significant difference in the quality of life when the periods before and after the surgery
are compared. By the evidence of a quality of life test performed after the first 30 days, the

Figure 19. CT image taken one year after the intervention. There is no recurrence. The rectus muscle is hypertrophic, a
phenomenon typically occurring in all patients. Its cause is unknown.
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patients were completely satisfied with the outcome of the surgery (satisfactory score: 6.0 +
0.0) (Figure 20). In our study, the mean QoL score (measured by the Ferrans-Power quality of
life test adapted to the study) [23] was 23.3 + 13.59 before the reconstructive surgery, which
increased to 46.7 + 6.38 by day 30 following the intervention. The difference was statistically
significant, P =0.0013, Student’s unpaired t-test. The mean QoL scores at months 6, 12, 18, 24,
and 30 were 47.1 +4.2,45.2 +5.3,48.0 £+2.9,47.4 + 4.5, and 46.4 + 4.8; the differences were not
significant (p: ns, Student’s unpaired t-test).

3.4. How and when to apply the rectus muscle release and turning-over procedure? Terms
of application

CT morphometric analyses suggest that availability and intact state of the bilateral rectus mus-
cle confirmed by CT is a fundamental criterion of applicability. Indication or contraindication
of the procedure must be based on the assessment of the size of the abdominal wall defect and
the condition of the bilateral rectus muscle at its full length. Patients with COPD or having a
high body mass index (BMI) will particularly benefit from the procedure, as there is no risk of
significant increase in intraabdominal pressure following surgery. Due to the complex nature of
the procedure and the fact that applicability must be determined (on the basis of physical exam-
ination and evaluation of the CT images) preoperatively, the intervention should be indicated
and performed by an experienced surgeon. Maintaining blood supply to the rectus muscle is
the most critical element of the procedure. Release of the muscle from the lateral direction leads

Figure 20. Three months after the rectus muscle turning-over surgery. The BMI is 56.3 kg/m?. The patient had an
eventrated, giant hernia with four earlier recurrences and an abdominal wall defect of 621 cm?.
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to denervation of its lateral (becoming medial after the turnover) parts [24]. Although the out-
come of abdominal wall reconstruction is not affected by denervation, patients should wear an
adjustable elastic truss for at least 3 months following surgery to prevent midline laxity. After
this period, they are still advised to wear their elastic abdominal wall bandage with Velcro™
when doing activities involving medium or more intensive physical strain. The function of the
turned-over rectus muscle is retained. From month 3, sitting up and standing up no longer
cause difficulty for the patient.

4. Rectus sheath anterior fascia release for large (not eventrated) midline
incisional hernias

Autologous tissues can also be used for the reconstruction of large midline (noneventrated)
hernias. If the width of the midline defect is not larger than 6-8 cm in a relaxed, supine posi-
tion (which corresponds to the width of a unilateral rectus muscle, see Table 3), the midline
can be reconstructed free of tension by release of the anterior fascia of the bilateral rectus
muscle. In such cases, release and turnover of the muscle are not necessary (Figure 21).

Figure 21. The anterior fascia is released from the anterior surface of both rectus sheaths. The forceps indicate the lateral
margin of the sheath. The muscle is untouched. The midline defect was 6.5 cm wide and 17 cm long, its area was 110.5
cm? The midline could be closed free of tension. There was no need for synthetic mesh implantation. The fascia plates
turned over the midline and closed in the middle are clearly visible.
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4.1. Surgical technique

Following a full median incision, the midline is carefully prepared. The hernia sac is spared
and used for reconstruction of the peritoneal surface of the midline. The anterior fascia of the
rectus sheath is incised full length along the lateral margin of the rectus sheath and prepared
off the rectus muscle. The fascia plate is turned over toward the midline and fixed to the
edge of the abdominal wall on the other side using 3/0 nonabsorbable running monofilament
stitches. The same is repeated with the fascia plate of the other side so as to close the mid-
line defect in two layers. Two drains are inserted. The adjustable elastic bandage is already
applied on the operating table, before extubation.

4.2. How and when to use the rectus anterior sheath fascia turnover?

Rectus anterior sheath turnover was described by da Silva as early as 1979 [25-28]. Several
modifications of the procedure are known. The procedure presented here is a tension-free
modification of the original technique. The important difference is that it is used only when
the midline abdominal wall defect is not wider than the width of a unilateral rectus mus-
cle (about 6-8 cm), confirmed by abdominal CT prior to the intervention. If the defect is
wider than the width of a unilateral rectus muscle, the rectus fascia turnover (the so-called
“open-book” technique) is not recommended. Similarly, it is not recommended for repair
of smaller abdominal wall incisional hernias, as these types of hernia can be successfully
treated by less complicated procedures.

One of the advantages of the technique is tension-free reconstruction. Furthermore, less than
2% of the patients develop midline protuberance, provided the precise indication is observed.
The recurrence rate is less than 3%. Subcutaneous fluid build-up (4-8%) and superficial
wound infection (5%) are the most common complications. As with the other procedures,
patients should wear an elastic truss for at least 3 months after surgery. Although minor or
medium physical load is permitted, patients are advised to avoid heavy physical exertion
even after this period. Should they perform any hard physical activity, patients must always
wear an elastic truss.

5. Discussion

The presence of large, infected, or eventrated abdominal wall hernias is an intolerable condi-
tion for patients. Complicated, recurrent, and/or infected incisional hernias and eventrated
giant abdominal wall hernias are considered to be the consequence of earlier surgical inter-
ventions [29]. We fully agree with Kohler et al. [2], who claim (when discussing the question
whether complicated incisional hernias are a natural corollary or a surgical complication) that
surgical technique and accuracy of abdominal wall closure are key factors in the development
of these conditions. There are two other factors playing a role: these are the presence of pre-
disposing factors, a phenomenon extensively researched, and the patients themselves, to the
extent they comply with the instructions they are given following surgery [30]. The reason
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why ventral and incisional hernias are increasingly researched is their increasing incidence
and the growing costs involved. In the USA, approximately 3.5 billion dollars are spent on
the treatment of abdominal wall hernias each year [31]. Although prevention of recurrences
and complications should be a major consideration at the very first intervention when doing
reconstructive surgery in patients with abdominal wall hernia, the fact is that 20-37% of ven-
tral hernias and 40-64% of incisional hernias recur and the number of complications increases
with each intervention [32]. Infection of the synthetic material implanted during an earlier
surgery (or surgeries) is the most significant complication [33]. The cost of hospitalization
is doubled and, furthermore, there is a 6-time increase in the cost of dressing changes when
the operative area and/or the mesh become infected [34]. We can agree with Sanchez, who
claims that the treatment of infected/compromised grafts varies from case to case, with the
mesh either spared or not in the end. Predisposing factors for mesh infection include a high
BMI (=25 kg/m?), DM, COPD, infection of the site of an earlier operation, prolonged duration
of surgery, opening of an intestine, and presence of enterocutaneous fistulas. The implanted
mesh is removed in 5% of the cases, infection being the most common reason (69%) [35].
When repairing a recurrent and/or compromised incisional hernia, the surgeon usually faces two
major problems: (1) the surgical environment is infected (CDCP 3—4) or contaminated (CDCP 2);
(2) the abdominal wall defect is too extensive and cannot be closed free of tension. In such cases,
most surgeons are understandably reluctant to implant another synthetic graft [36]. In cases
requiring extensive abdominal wall replacement, the use of biological allo- and xenografts
and various autologous tissues is the preferred choice in reconstructive surgeries. Of biologi-
cal grafts, human, porcine, and bovine ADMs have been used [37-41]. In the vast majority
of the cases, there is no question about the resolution of small or medium-size abdominal
wall hernias. However, when faced with a large, eventrated, complicated, or incarcerated hernia
and an infected (CDCP 3-4) environment, the surgeon must adopt a fundamentally different
strategy. To choose the most appropriate surgical technique, the surgeon must have precise
information on the condition of the musculoaponeurotic elements in the abdominal wall. The
best way to obtain such information is abdominal CT/MR imaging [22], allowing assessment
of the position of individual abdominal wall components, size of the hernia gate(s), and the
volume of the hernia contents. In the case of eventrated hernias, determination of the size
of the hernia sac is essential. Another important factor is knowledge of the various surgical
techniques, necessary for the selection of the procedure that imposes the least possible stress
in a specific case. Evaluation of literary data shows that the use of autologous tissues is indis-
pensable in the repair of complicated, eventrated, or giant abdominal wall hernias [42]. There
are procedures, which can be applied in certain cases only, and their use would be a mistake
in any other case.

Direct abdominal wall sutures should never be used in elective or acute surgery of large,
eventrated, or complicated hernias. Implantation of synthetic materials for abdominal wall
reinforcement (but not replacement) is an option for elective surgeries in a CDCP 1-2 envi-
ronment. Implantation of a synthetic substance in a CDCP 3-4 environment is associated with
a high incidence of surgical complications in the operative area (25-65%), as well as a high
recurrence rate (30-70%); for this reason, use of synthetic materials is not recommended in
such cases. The use of ADMs may be an alternative; however, the high cost of the procedure,
coupled with a high recurrence rate, is a limitation to its use. Generally, there are several
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options in each case; it is important, however, that the one involving the least possible stress
should be selected and applied. Of autologous tissues, the use of dermal grafts is associated
with the least strain during and after surgery; this is followed by rectus muscle turnover and
the various component separation techniques, and finally by reconstructions with free or
pedicled flaps.

The most important consideration when using autologous dermal grafts is the availability of
tissues of adequate size and quality for reconstruction. To cover a defect of 10 cm in diam-
eter (an area of 78.5 cm?), the area of the dermal graft should be at least 220 cm?. The 30-35%
expansion capacity of a properly prepared graft should also be taken into account. All this
means that grafts of adequate size and quality can only be obtained from obese patients.
Prepared dermal grafts should not contain any epidermal elements or scar tissue.

Double-layer dermal grafts are preferred in cases of large medial or lateral incisional hernias
having recurred at least once, in which a synthetic mesh was implanted during an earlier
reconstructive surgery and CDCP 2-3 environment, compromised graft, deep wound infec-
tion, or subcutaneous and/or enterocutaneous fistulas developed in the postoperative period. In
a CDCP 1 environment, this is the preferred choice if the hernia is large and a direct abdominal
wall suture would lead to a significant increase in intraabdominal pressure. The procedure has
obvious advantages in obese patients, where grafts are usually available in sufficient quantities,
making synthetic grafts unnecessary. In patients with BMIs higher than 25 kg/m?, the quantity
and quality of dermal grafts are sufficient for the reconstruction of large hernias [43]. In patients
with DM or COPD, conditions associated with a higher risk for recurrence and infection of the
operative area, the use of autologous grafts is preferred to direct sutures or synthetic grafts.
Perforated double-layer dermal grafts can successfully be used in CDCP 4 environments. Their
advantages include faster integration and a significantly lower risk of infection at the site of
operation. However, this procedure cannot be used in patients in whom dermal grafts of appro-
priate quantity and quality are not available. There are data, although limited, on the use of
double-layer dermal grafts in CDCP 4 environments and in the case of extensive abdominal
wall necrosis. Large abdominal wall defects can be repaired relatively quickly and cost-effec-
tively without implanting synthetic or allo- or xenografts and without significant early postop-
erative tension even in CDCP 4 environments [44].

A precondition of bilateral rectus muscle turnover is the intact state of the bilateral rectus
muscle confirmed by CT. A CT examination prior to surgery allows assessment of the size
of the abdominal wall defect and the state of the bilateral rectus muscle, and serves as basis
for the indication or contraindication of the intervention. In patients with COPD or having a
high BMI, the procedure is clearly preferred, as there is no risk of increased intraabdominal
pressure following surgery. Maintaining blood supply to the rectus muscle from the epigas-
tric vessels is essential. In case of injury, the artery must be reconstructed. Maintaining blood
supply to the rectus muscle is the most critical element of the intervention. Although release
of the muscle from the medial direction leads to partial muscle denervation, the outcome of
abdominal wall reconstruction is not affected and the turned-over muscle retains its function.
To prevent the development of abdominal wall bulking, patients should wear an adjustable
elastic abdominal wall binding with Velcro for at least 3 months following surgery and also
later when exposed to physical load.
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The procedure of bilateral rectus muscle release and turnover is used to reconstruct eventra-
tions and midline abdominal wall defects developed after open abdomen treatments, retroper-
itoneal, and/or intraabdominal serial operations. The technique is also suitable for resolution
of midline, recurrent, or neglected, primary medial giant abdominal wall hernias. The inter-
vention can successfully be performed in patients with incarcerated eventrated hernias or in
CDCP 34 environments. It is crucial that in case the rectus muscle was damaged or inter-
sected during an earlier surgery, or the patient underwent transverse laparotomy (involving
transverse intersection of the rectus muscle) earlier, the intervention cannot be performed. The
width of the midline abdominal wall defect and the combined width of the bilateral rectus
muscles along their full length must be carefully assessed. If the values “correspond” to each
other, the intervention can be indicated from a morphological-anatomical point of view.

6. Conclusion

The statements related to the surgical procedures discussed in this chapter are summarized
as follows:

1. Double-layer homogeneous dermal grafts can successfully be used in large hernias in
CDCP 2-3 surgical environments. Quality of life significantly improves following sur-
gery. If used accurately, the technique is capable of eliminating abdominal wall fistulas.
The incidence of early and late complications is low. The recurrence rate is approximately
11%. The fact that grafts of sufficient quantity and quality can only be collected from over-
weight (BMI > 25 kg/m?) patients is a drawback of the procedure.

2. Inrecurrent infected abdominal wall hernias, the infected synthetic mesh should be removed com-
pletely. Partial removal fails to provide a permanent solution in most cases. In case the hernia
has not recurred but the graft is infected, vacuum assisted closure (VAC) may be attempted.
VAC is not recommended when recurrence and mesh infection occur simultaneously.

3. Double-layer dermal grafts can also be used in CDCP 4 surgical environments, provided
that the outer graft is implanted perforated. Perforated outer grafts contribute to faster inte-
gration and remodeling.

4. The greater omentum and the subcutaneous adipose tissue are important factors in the inte-
gration of grafts. Maximum caution should be applied to spare them during surgery.

5. Patients should wear an adjustable elastic truss for 3 months following the intervention,
even at night in the first month. Noncompliance increases the risk of recurrence.

6. The intervention is not recommended in patients with eventrated hernia or extensive abdominal
wall defect.

7. Rectus muscle turnover is a method suitable for closure of wide midline abdominal wall de-
fects and eventrated midline hernias. Lateral eventrated and large hernias can be repaired
by unilateral rectus muscle release and turnover in the lateral direction.
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Patients should wear an elastic truss for 3 (or 4, depending on the degree of physical activ-
ity) months following surgery. When doing activities involving medium or heavy physi-
cal load, patients are advised to continue wearing the truss to protect the abdominal wall.

The intervention is followed by a significant improvement in the quality of life.
The hernia recurrence rate is low. So far, no recurrence has occurred.

The procedure is recommended for reconstruction of repeatedly recurring midline (M,-
M,) giant eventrated abdominal wall hernias developing after open abdomen treatments or
retroperitoneal serial surgeries.

The procedure is also suitable for emergency operations (incarcerated hernia or CDCP
3—4). Before using the technique in emergency cases, however, surgeons should gain ex-
perience in elective interventions.

Abdominal CT allowing assessment of the volume of the hernia, the size of the midline
abdominal wall defect and morphometry of the bilateral rectus muscle should be per-
formed prior to the operation. An intact bilateral rectus muscle is a precondition of the
procedure.

Only autologous tissues are used for abdominal wall reconstruction in the procedures
discussed in this chapter. The procedures are cost-effective.

Primary prevention (increasing the proportion of minimally invasive intraabdominal pen-
etrations) and secondary prevention (lege artis closure of laparotomies, use of a truss, and
avoidance of overexertion following surgery) of abdominal wall incisional hernias may
significantly reduce the incidence of large and complicated hernias.

The use of autologous tissues is unavoidable in the reconstruction of large, eventrated, or
complicated abdominal wall incisional hernias in elective as well as acute interventions.
Their application must be carefully weighed in these cases. Reconstruction of compli-
cated abdominal wall hernias must be preceded by careful evaluation of the available
techniques and selection of the one which is the most effective and the least stressful for
the patient.

The use of autologous tissues requires further research to improve existing techniques
and outcomes.
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Abstract

Despite advances in neonatal and surgical care, the management of congenital diaphrag-
matic hernia (CDH) remains challenging with no definitive standard treatment guide-
lines. Several centers report mortality rates as low as 20%, but if extracorporeal membrane
oxygenation (ECMO) support is required, the mortality rate rises to 50%. The disease
severity is related to the degree of pulmonary hypoplasia and pulmonary hypertension
that occurs with CDH. Both conditions decrease the infant’s ability to ventilate and oxy-
genate adequately at delivery. These physiologic conditions that impair gas exchange
are the important determinants of morbidity and mortality in CDH infants. Presently,
delivery of infants with CDH is recommended close to term gestation. The focus of care
includes gentle ventilation, hemodynamic monitoring, and treatment of pulmonary
hypertension followed by surgery for the defect. Extracorporeal membrane oxygenation
(ECMO) is considered after failure of conventional medical management for infants > 34
weeks’ gestation or with weight >2 kg and no associated major lethal anomalies. This
chapter discusses long-term follow-up recommendations for survivors, which should
involve a multidisciplinary approach, as there are many surgical and nonsurgical conse-
quences to the disease process. Clinical strategies that address these multifaceted aspects
of care, from prenatal to long-term follow-up, may further reduce the high mortality rate
for these infants.

Keywords: respiratory failure, pulmonary hypertension, pulmonary hypoplasia, extra-
corporeal membrane oxygenation

1. Introduction

A congenital diaphragmatic hernia (CDH) is a developmental defect of the posterior lateral
part of the diaphragm. The opening allows the abdominal organs to slide into the chest or

I m EC H © 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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“herniate” which may lead to underdevelopment of the lungs. The lung on the ipsilateral side
of the hernia is generally smaller.

CDH is six times more common on the left than the right. The incidence is reported between
one in 2200 and one in 3500 live births. Rare bilateral defects are generally fatal. The differ-
ential diagnosis includes congenital pulmonary airway malformation (CPAM), bronchogenic
cyst, and eventration [1].

Despite advances in neonatal and surgical care, the management of CDH remains challeng-
ing with no definitive standard treatment guidelines. The mortality rate is high, with little
change over the past few decades, and is generally reported between 30 and 45%. Several cen-
ters report mortality rates as low as 20%. If extracorporeal membrane oxygenation (ECMO)
support is required, the mortality rate rises to 50% [2].

The severity of the disease is related to the degree of pulmonary hypoplasia and pulmonary
hypertension that occurs with CDH. Both conditions decrease the infant’s ability to ventilate
and oxygenate adequately at delivery. These physiologic conditions that impair gas exchange
are the important determinants of morbidity and mortality in CDH infants.

2. Embryology

Incomplete fusion of embryologic elements that give rise to the diaphragm leads to the hernia
defect. CDH occurs at distinct sites. Ninety percent are a posterolateral defect (Bochdalek hernia)
and 9% are an anterolateral defect (Morgagni hernia). Total agenesis may occur.

3. Inheritance patterns

Congenital diaphragmatic hernia generally presents sporadically. The CDH risk in a sibling
is less than 2%, due to multifactorial patterns of inheritance [3]. There are rare incidences of
dominant and X-linked recessive inheritance for isolated defects [4]. Bilateral lesions tend
to familial inheritance and bilateralism, and tend to have less severe associated anomalies.
Familial diaphragmatic agenesis, however, is an autosomal recessive syndrome, is a distinct
syndrome with a worse prognosis than posterolateral diaphragmatic hernia [5].

There are no firmly established teratogens associated with CDH. Diaphragmatic hernia is
associated with Fryn’s syndrome [6], Beckwith-Wiedemann syndrome [7], and Pierre Robin
syndrome [8].

4. Associated anomalies

Most fetuses with severe associated anomalies die in utero. Therefore, the incidence of pre-
natal abnormalities is higher than that reported in the literature by pediatric surgeons and
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lower than postmortem studies. In prenatal series, only about 50% of fetuses have an isolated
diaphragmatic defect. In about 25% of cases, there is a chromosomal abnormality, usually
Trisomy 21, trisomy 18 or 13, which is similar to omphalocele infants [9]. In another 25%, there
is a major defect including cardiovascular defects atrial septal defect (ASD), ventricular septal
defect (VSD), hypoplastic left heart, tetralogy of Fallot, transposition). The overall survival of
infants with CDH and a chromosomal anomaly is poor.

4.1. Prenatal evaluation

Ultrasound screening examination in the prenatal period will generally diagnose a congenital
diaphragmatic hernia. Prenatal evaluation of CDH is important for parental counseling, prognos-
tication, and postnatal management. The prenatal evaluation of the postnatal prognosis of CDH
is improving, but better standardization of evaluation methods is needed to compare results.

The prenatal ultrasound diagnosis is based on the following factors:
1. The presence of abdominal organs visualized within the thoracic cavity. Ultrasound may reveal
a left-sided CDH if the stomach or loops of bowel are partially or totally within the thorax.

2. The heart position may shift, or cardiac compression may be observed, from the organs in
the thoracic cavity.

3. Polyhydramnios is common, either due to esophageal compression or reduced absorption of

fluid by the hypoplastic lungs, but it is rarely observed before 24-week gestation.

Any mediastinal shift or hydrothorax, abnormal position of the gallbladder, hepatic veins, or
even umbilical veins should arouse suspicion of a right-sided hernia. It may be a challenging
diagnosis because the lungs and liver have similar echogenicity.

At antenatal diagnosis, the following studies and consultations are recommended:

1. chromosomal analysis
2. serial prenatal ultrasound examinations
3. afetal echocardiograph

4. pediatric surgery consultation

These investigations are relevant, even in the third trimester of pregnancy, because knowledge
that the fetus is chromosomally and otherwise structurally normal allows the parents, obstetri-
cian, pediatrician, and surgeon to discuss the mode, place, and timing of delivery.

Prognosis: The primary determinants of survival for infants with CDH are the presence of
associated anomalies, pulmonary hypoplasia, and pulmonary hypertension. Prenatally dis-
covered cases and cases diagnosed before 24-week gestation have a worse prognosis because
of the early stage of the lung development when the anomaly has occurred. Mortality in this
group is reported as high as 60-80% [10].
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4.2, Pulmonary hypoplasia

Pulmonary hypoplasia occurs in CDH and is the main cause of mortality. Pulmonary hypo-
plasia is defined as incomplete development of the lungs with decreased bronchopulmo-
nary segments and diminished alveolar septation [11]. Incomplete development results in a
decreased total lung volume.

Much prenatal investigation is directed toward the accurate evaluation of pulmonary hypo-
plasia. Its antenatal prediction remains one of the challenges of prenatal diagnosticians.
Accurate case selection identifies those cases that may benefit from prenatal surgery.

Fetuses with CDH and a “poor prognosis” with postnatal treatment have
* alow lung-to-head ratio (LHR) on ultrasound

* a diagnosis before 25-week gestation

¢ liver herniation on prenatal ultrasound

¢ afetal magnetic resonance imaging (MRI) consistent with a low lung volume.

4.3. Lung to head ratio

The lung-head ratio (LHR) is calculated by 2D ultrasound. For accurate prognostication, the
measure must be performed between 22 and 28-week gestation. The length and width of the
right lung is measured and multiplied to calculate the right lung area. The right lung area is
then divided by the head perimeter measure Figure 1.

For example:

¢ Right lung area: 21 mm x 10 mm =210 mm?
* Head perimeter: 200 mm

Lung-to-head ratio (LHR): 210/200 = 1.05

A lung-to-head ratio of 1.0 or less has a poor prognosis, despite ECMO. If the ratio is greater
than 1.4, the prognosis is much better. Lung-to-head ratios between 1.0 and 1.4 have about a
38% survival rate. Most cases with an LHR in this range require ECMO. Overall, survivors
have a mean lung-to-head ratio in the range of 1.4 + 0.33 and nonsurvivors, 1.05 + 0.3 [12].

The presence of liver in the chest on prenatal ultrasound is a poor prognosticator for survival
[13, 14].

A recent meta-analysis analyzed the ability of lung-to-head ratio (LHR), observed-to-expected
LHR (o/e LHR), total fetal lung volume (TFLV), o/e TFLV, percentage predicted lung volume
(PPLV), and degree of liver herniation to predict neonatal morbidity and mortality in fetuses
with CDH.

The primary outcome was perinatal survival and the secondary outcome was the use of extra-
corporeal membrane oxygenation (ECMO).
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Figure 1. Calculation of lung: head ratio from 2D ultrasound. (From: 2000-05-29-17 Diaphragmatic hernia © Novakov
www.thefetus.net).

Twenty-two articles published before April 2016 met the inclusion criteria.

The odds of survival with LHR <1.0 was 0.14 (CI: 0.10-0.27) and with liver herniation on ultra-
sound it was 0.21 (CI: 0.13-0.35).

The O/E LHR and O/E TFLV performed best in this prediction model. The most discrimina-
tory threshold for lung volume and mortality was O/E LHR <1 and for O/E TFLV, it was 25%.
LHR <1 was predictive of extracorporeal life support (ECLS) use. Overall, the O/E LHR <1, O/E
TFLV (thresholds of 25%), and liver herniation are good predictors of mortality in CDH [13].

Similarly, Partridge reports that serial lung to head growth measures are a better prognosticator
for lung growth and survival. Of 226 CDH infants identified over 10 years, 72 died (32%). Liver
in the chest or use of patch for closure of the defect were associated with mortality. The rate of
lung to head ratio increase, as measured by linear regression and slope analysis, was signifi-
cantly better in survivors [15].

4.4. Fetal MRI consistent with a low lung volume

Fetal magnetic resonance imaging (MRI) has undergone major technical improvement since
it was first performed over 30 years ago. It complements US studies by providing better
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visualization when ultrasound is limited by oligohydramnios or maternal obesity. Other
advantages include a larger field of view and better tissue contrast than US. It is not limited
by shadowing from osseous structures. However, the limitations include a decreased resolu-
tion compared with US, less availability, and increased cost.

Multiple MRI studies have reported normal fetal lung volumes based on gestational age. In
cases of CDH, the risk for pulmonary hypoplasia can be assessed by comparing the lung volume
measured by MRI with a normal value for the gestational age; however, the literature results
have been inconsistent and have not reliably predicted outcome. There is a lack of standardiza-
tion of MRI technique in the literature.

A curve of normal fetal lung volume values plotted against gestational age has been established
and validated for fetal MRI [16]. The observed/expected total fetal lung volume (O/E-TFLV)
ratio is calculated by dividing the measured fetal lung volume by the expected mean fetal lung
volume for a given gestational age [16].

The fetal MRI planimetric measurements of ipsilateral, contralateral, and total fetal lung
volume (TFLV) are performed with T(2)-haste sequences in transverse, coronal, and sagittal
planes. All values are expressed as a ratio of what was observed over what is expected for a
gestation age matched normal fetus.

One study reports the measurement of O/E LHR on ultrasound allowing a reasonable esti-
mation and correlation of O/E contralateral FLV as well as TFLV as measured by MRI [17].
Additional parameters such as gestational age, liver position, and side of defect improved the
estimation of TFLV.

Others report that lung size and liver herniation predict the need for ECMO but do not predict
pulmonary hypertension [18].

A review of articles that provided normal fetal lung volumes for gestational age revealed
much variability in absolute lung volume within each individual study. Each study had a
solitary reporter. The best-fit curves ranged from 20 to 35 ml at 25 weeks’ gestation and 58 to
95 ml at 35 weeks’ gestation [19]. The study by Rypens et al. included the largest number of
fetuses and, in contrast, included measurements by several observers at different institutions
[16]. The ability of MRI to predict prognosis and survival for CDH is inconsistent, although
multiple studies have shown a correlation between fetal lung volume in CDH and postnatal
outcomes of neonatal survival and ECMO.

Infants with CDH generally have O/E-TFLV measurements ranging from 25 to 45% or lower. They
require more pulmonary support than omphalocele and congenital lung malformation infants.
Clinical-radiologic correlation studies support the use of prenatal MRI to predict perinatal and
postnatal outcomes. The measurements may guide fetal therapy with improved postnatal results.
An O/E TFLV below 35% is associated with increased ECMO use and a higher mortality [20].

One review of articles encompassing 269 fetuses with congenital diaphragmatic hernia reported
areas under the receiver operating characteristic (ROC) curves ranging from 0.786 to 0.900 in
the prediction of survival. Two others involving MRI-measured fetal lung volume reported
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the area under the ROC curves to range from 0.653 to 0.770 in the prediction of extracorporeal
membrane oxygenation requirement. All of the above studies utilized MR measurements of
fetal lung volume compared with normal lung volume data from either the Rypens et al. study
or formulas based on gestational age or biometric parameters [19].

Further studies are needed to assess and develop the full potential of MRI measurement of
fetal lung volume in predicting neonatal prognosis.

4.5. Prenatal surgery

If LHR is <1, LHR O/E is less than 25%, or liver is in the thorax, survival for CDH infants is less
than 25%. In these fetuses, in utero treatments are sometimes offered such as fetal endotra-
cheal occlusion (FETO) [10, 21].

Many experimental models of in utero surgery for CDH exist. Prenatal treatment of the fetus
has been proposed to avoid pulmonary hypoplasia. However, a hysterotomy is required. The
subsequent caesarian section on an otherwise healthy mother has significant morbidity and
risk of premature labor.

Open fetal surgery, while feasible, does not improve survival over standard postnatal treat-
ment in the subgroup of congenital diaphragmatic hernia fetuses without liver herniation.
The data from this randomized trial suggest that fetuses with a prenatally diagnosed CDH
without evidence of liver herniation should be treated postnatally [10].

Fetal endotracheal occlusion (FETO) is thought to prevent outward movement of pulmonary
fluid. The retention of lung fluid may improve lung expansion and even possibly promote
reduction of the viscera into the peritoneal cavity [21]. The placement of a “tracheal clip”
may accelerate lung growth and avoid the development of fatal pulmonary hypoplasia [22].
Endoscopic techniques decrease the risk of preterm labor and other complications of open
fetal surgery.

The best candidates for this procedure are fetuses with a left CDH, liver herniation, and a low
lung-to-head ratio that are at high risk of neonatal demise [23]. A minimally invasive intra-
luminal tracheal occlusion technique, which avoids laparotomy, hysterotomy, and fetal neck
dissection, has been recently accomplished. This technique may change the surgical approach
to the fetus with severe CDH [24].

In 2017, 20 fetuses with CDH, an LHR<1 and liver herniation were reviewed [24]. Nine were
managed without tracheal balloon occlusion; tracheal occlusion was offered in 11 and in 10,
it was successful. The mean gestational age at FETO was 27.9 (1.1) weeks. The occlusion was
reversed at 34 weeks and the infants were delivered at 35 weeks. One required an EXIT proce-
dure to remove the balloon. All underwent postnatal repair of CDH with patch. The 6-month,
1-year, and 2-year survival were significantly higher in the treated than nontreated cohort.
They concluded that FETO is feasible and associated with improved postnatal outcomes in
severe Left CDH infants. A large multicenter randomized trial is still needed to demonstrate
the real benefits of FETO [25].
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5. Pulmonary hypertension

The developing lung is subject to genetic, pathological, and environmental influences that
affect lung adaptation, development, and growth.

Neonates with CDH are primarily classified as having vascular hypoplasia, yet lung histology
of fatal cases typically shows marked muscularization of pulmonary arteries, and clinically,
these patients frequently respond to vasodilator therapy.

An early developmental arrest in the normal pattern of airway branching in both lungs,
resulting in reduced lung volume and impaired alveolarization, will present as a severely
symptomatic CDH after birth [26].

This arrest may occur in pulmonary arterial branching and result in a reduced cross-sectional
area of the vascular bed, thickened media, and adventitia of small arterioles, and abnormal
medial muscular hypertrophy that extends distally to the acinar arterioles. Although in utero
lung compression by herniated viscera may be the primary mechanism of the lung abnormali-
ties of CDH, decreased pulmonary blood flow alone may cause lung hypoplasia [27].

After birth, pulmonary vascular resistance (PVR) often remains at suprasystemic levels. This
increased pulmonary right-to-left shunting across the foramen ovale and ductus arteriosus
manifests in the infant as profound hypoxemia. High PVR is related to multiple factors,
including the small cross-sectional area of pulmonary arteries, structural vascular remodel-
ing, vasoconstriction with altered reactivity, and left ventricular dysfunction. The mediators
of altered pulmonary vascular reactivity in CDH are not well understood, although much
evidence points to disruptions in nitric oxide (NO), cyclic guanosine monophosphate (GMP)
and endothelin signaling [28].

The pathophysiology of hypoxemia in CDH is also related to abnormalities of cardiac develop-
ment and function. The left ventricle, left atrium, and intraventricular septum are hypoplasticin
infants that die of CDH relative to age-matched controls, perhaps from low fetal and postnatal
pulmonary blood flow and/or compression by the dilated right ventricle [28].

CDH is also associated with increased resistance of the pulmonary vasculature. Pulmonary hyper-
tension (PHN) is characterized by elevated pulmonary vascular resistance, resulting in right to
left shunting and hypoxemia. Differential hypoxemia is observed between the preductal- and
postductal saturation monitors. Pulmonary hypertension is confirmed and monitored by serial
echocardiography. Studies that aim to diagnose impaired vascular development are needed.

Yamoto et al. investigated the prenatal echocardiography factors that relate to outcomes in left-
sided CDH [29]. Data were collected between 2006 and 2010. Severe cardiac anomalies and chro-
mosomal anomalies were excluded. Of 84 patients, 8 died before 90 days (9.5%). Initial analysis
revealed that the postnatal echo predictors of poor outcome were continuous right to left shunt-
ing, left pulmonary artery diameter of <2.7 mm, a right pulmonary artery diameter of <3.3 mm,
and a left ventricular diameter of <10.8 mm. Logistic regression analysis found a small right
pulmonary diameter and a smaller left ventricular diastolic diameter that were independently
associated with poor outcomes. However, the postnatal echo was sometimes performed within
24 hours after birth, during the time of transitional circulation, and is a limitation of this study.
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The optimal management of the structural and functional changes in the heart, pulmonary
vasculature, airways, and lung parenchyma is challenging. The treatment of PHN in infants
with CDH evolves and changes as the underlying pathophysiology evolve in the days and
weeks after birth. Unlike other diseases resulting in persistent pulmonary hypertension of the
newborn, infants with CDH are often refractory to inhaled nitric oxide (iNO). Nitric oxide
mediates pulmonary vasodilatation at birth in part via cyclic GMP production. Evidence sug-
gests several disorders exist in CDH infants (e.g., surfactant deficiency, decreased antioxidant
activity, increased vascular reactivity with decreased nitric oxide and increased endothelin 1
activity, and left heart hypoplasia) which may be associated with impaired lung development.
It is unclear at present how nitric oxide, sildenafil, and bosentan will modulate pulmonary
hypertension in CDH infants. Chronic pulmonary hypertension can persist into childhood
and may contribute to late mortality [26].

6. Postnatal management

Itisrecommended that CDH infants are delivered as close to 39 weeks as possible. Neuromuscular
blockade is avoided in the delivery room. The preductal saturation is kept between 80 and 95%,
and the postductal at greater than 70%. The target pCO, is 50-70 mmHg on conventional ven-
tilation. Intravenous sildenafil should be administered in the presence of severe pulmonary
hypertension.

6.1. Immediate postnatal resuscitation and medical management

In fetuses known antenatal to have CDH, the aim of resuscitation at birth is to obtain car-
diopulmonary stability, and interrupt the progression to hypercapnia, hypoxemia, acidosis,
and worsening PHN. Infants are intubated, and mechanically ventilated. The initial ventila-
tion mode is conventional mandatory ventilation (CMV). High frequency oscillatory venti-
lation (HFOV) is initiated when criteria for transition from conventional to HFOV are met.
HFOV offers more invasive ventilation support, while minimizing barotrauma to the lungs.
Cardiovascular support to avert PHN is needed. ECMO is reserved for patients with severe
pulmonary or cardiac compromise refractory to medical management.

Carbon dioxide level and subsequent management can provide predictive information
regarding the outcome of CDH. The initial CO, is significantly higher and PaO, is lower in
30-day mortalities than in survivors. Infants who remain hypercarbic after resuscitation also
have a worse prognosis. PaCO, levels are a biomarker of successful management. The best
oxygen index on the first day of life has been shown to predict outcome. Park et al. reported
the PaO, and PaCO, from the first blood gas after birth predicted the need for ECMO and
mortality [30].

Initial management includes nasogastric decompression, central venous access, total paren-
teral nutrition, and careful fluid management to optimize cardiopulmonary stability. Frequent
echocardiography is required to identify structural cardiac anomalies and assess function and
response to therapy [31].
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6.2. Score for neonatal acute physiology (SNAP score)

Predictive outcome models are essential for outcome analysis of CDH. The ideal equation
should generalize across CDH datasets. Existing mortality-predictive models include those of
the CDH study group (CDHSG) based on birth weight and 5-minute Apgar score, the score
for Neonatal Acute Physiology version II, and the Wilford Hall/Santa Rosa clinical prediction
formula (WHSR(PF)) derived from blood gas measurements. The score for neonatal acute
physiology (SNAP 2) score is one of the most applicable scoring systems for CDH infants.

The CDH EURO consortium expanded the implications of the SNAP score first published
by Skarsgard et al. [32]. A prospective randomized study of 11 centers that participate in the
CDH EURO consortium was undertaken [33]. Data were collected between 2008 and 2013
(SNAP 2). High volume centers were included and were defined as centers that treat at least
10 CDH infants per year. Infants with prematurity below 34 weeks were excluded, so those
with premature lung physiology would not influence results.

The exclusion criteria were gestation below 34 weeks, severe chromosomal anomalies, severe
cardiac anomalies with need for operation within 60 days, renal anomalies associated with oli-
gohydramnios, and severe orthopedic, skeletal, and central nervous system (CNS) anomalies.
All infants were inborn. The out-born infants were excluded because out-born survivors tend
to have less severe disease and therefore contribute bias to the results.

The aims of the SNAP 2 study were to prospectively evaluate whether SNAP 2 predicted mor-
tality, the need for ECMO or bronchopulmonary dysplasia (BPD) development.

All infants were randomized to a standard protocol of CMV or HFOV.

The SNAP 2 was collected in the first 12 hours of life and included the worst score of each of
the following data points: mean blood pressure, temperature, PaO,, inspired oxygen concen-
tration (fi02), serum pH, the presence of multiple seizures, and the lowest urine output.

Infants met the criteria for ECMO if they met the following failure criteria for 3 hours: inabil-
ity to maintain a preductal saturation above 85%, or a postductal saturation above 70%, an
increase in CO, of greater than 65 mmHg, a peak inspiratory pressure of greater than 28 cm of
H,O, inadequate O, delivery with metabolic acidosis defined as pH < 7.2 or an oxygen index
consistently greater than 40.

Of 171 infants, 46 died (27.0%). Of 108 treated at ECMO centers, 40 received ECMO (37.0%)
and 27 died (25%). Of those treated in 63 centers without ECMO, 19 died (30.0%). The differ-
ence in mortality rate between ECMO and nonECMO centers was not significant (p = 0.46). Of
125 survivors, 39 developed BDP (31.2%).

In nonsurvivors, the median SNAP 2 was 42.5, and in survivors it was 16.5, a significant differ-
ence (p <0.001). Of 108 born in ECMO centers, the median SNAP 2 was 35 in those treated with
ECMO and 16 in those that did not undergo ECMO, also a significant difference (p < 0.001).
The median SNAP 2 was also significantly different for ECMO survivors and nonsurvivors:
32 vs. 40, p = 0.04. Logistic regression and ROC analysis showed the SNAP 2 was significantly
associated with mortality, need for ECMO and BPD.
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This large study of prenatally detected CDH infants concluded that the SNAP 2 calculated in the
first 12 hours of life reliably predicts survival outcomes and the need for ECMO in inborn infants
with CDH with gestational age > 34 weeks. The SNAP takes only 2-4 minutes to calculate. The
SNAP 2 score is considered independent of initial ventilation strategy [34].

Some now report the use of the SNAP 2 score with perinatal extension—the SNAPPE. This
score includes APGARS, birth weight and gestational age, but it is time consuming to calculate.
The report also includes out-born infants which is a confounder [35].

Implementation of the SNAP 2 score will provide insight into prognosis and can be used to
compare severity of illness and evaluate differences in outcomes between centers.

6.3. Permissive hypercapnia and avoidance of lung injury

In the 1990s, the realization that aggressive overventilation causes barotrauma and a worse
outcome leads to the introduction of minimal ventilation and permissive hypercapnia. This
approach involves decreased airway pressures to reduce barotrauma, spontaneous respira-
tion where possible, and acceptance of higher PaCO, and lower pH than previously accepted.
The introduction of this strategy had the most significant influence on mortality reduction for
CDH infants over the past three decades [36].

Barotrauma is commonly attributed as the principal cause of death in autopsy studies of CDH
infants [37].

Complications such as pneumothorax have a detrimental effect on CDH infants. In more than
one study, all infants with pneumothorax died [38].

The usual limit of permissive hypercapnia in many studies are a PaCO, within the 40s and
pH of 7.2. The oxygen saturation is kept at 90-95%. Postductal oxygen saturation is correlated
to other measures of adequate perfusion including lactate, blood pressure, and urine output,
while maintaining acceptable ventilator parameters.

The next step in management is the introduction of HFOV. Pressure limits range from 12 to
15 cm H,O. The benefit of HFOV has not been completely established. It is often used with
other management strategies. A trial comparing CMV and HFOV is presently underway [39].

7. Management of PHN

Ensuring good oxygenation is the first step in preventing or treating PHN. The institution of
effective ventilation is critical. Fluids and inotropes maintain perfusion and should be guided
by serial echocardiography. When PHN worsens, a cycle of worsening hypoxia and hyper-
capnia from right to left shunting at both the preductal and postductal levels occurs and sets
off a vicious cycle of deterioration.

Inhaled nitric oxide (iNO) is a direct pulmonary vasodilator. The inhalation dose ranges
between 5 and 20 ppm. Although it may reduce the need for ECMO in other newborns without
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CDH, it has not been shown to reduce the need for ECMO in CDH. Response to NO should be
confirmed by echocardiography [40].

Sildenafil is a selective cGMP phosphodiesterase inhibitor that can be administered intra-
venously or as an oral medication. It may enhance inhaled NO-mediated vasodilation.
Sildenafil Infusion has been shown to be associated with improved oxygenation in CDH.
Overall, its use is increasing. Presently, conflicting reports exist as to whether it improves
outcome or not [41].

Milrinone is a phosphodiesterase 3-inhibitor and acts to decrease pulmonary vascular resis-
tance and improve cardiac function. There are few case reports of its efficacy in neonates.
Although it is widely used, there is no literature that documents an advantageous effect in
CDH [42, 43].

7.1. ECMO

The most severe CDH cohort fails conventional management and utilizes ECMO for sup-
port. Infants that undergo ECMO are typically profoundly hypoxemic and acidotic prior to
and during ECMO cannulation. ECMO benefits infants with reversible lung disease, however
infants with reversible versus irreversible lung disease can be challenging to identify. Infants
with reversible lung disease, without CDH, have better documented outcomes. The advan-
tage of ECMO in CDH infants requires continuous evaluation to resolve the issue of whether
ECMO actually provides benefit.

A Cochrane review into the randomized controlled trials that investigated the benefits of
ECMO in neonates concluded the benefit in CDH infants is unclear. The morbidity in those
that do survive is high and can be costly from complications such as intracranial hemorrhage
(ICH), bleeding, seizures, or infection. One fifth of infants with CDH that undergo ECMO
have severe neurodevelopmental problems [42, 43]

The introduction of gentle ventilation strategies, permissive hypercapnia and spontaneous respi-
ration had a more significant effect on survival than HFOV or ECMO as rescue therapy [35, 39].
These strategies increased survival from 50 to nearly 75% for CDH. Standardized postnatal treat-
ment protocols at ECMO centers is associated with significantly improved survival [44].

7.2. Selection criteria

ECMO is useful if lung disease is reversible. Careful infant selection is critical. Due to the fact
that the identification of specific CDH infants that will benefit from ECMO is not clear, some
advocate that all infants with respiratory failure should get ECMO as many with poor prognos-
ticators have been shown to survive. It is difficult to identify the influence of inadequate lung
volume (pulmonary hypoplasia) versus reversible pulmonary hypertension in CDH infants
and the overlap of the two entities. Many infants with CDH will have a honeymoon phase
where they demonstrate sufficient lung parenchyma for gas exchange prior to clinical deterio-
ration secondary to pulmonary hypertension. Some authors advocate utilizing clinical parame-
ters and offering ECMO to any patient who can sustain a preductal oxygen saturation 290% for
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at least 1 hour, a PaO, of 100 on FiO, 1.0 and at least one recorded PaCO, <50 mmHg [45]. CDH
infants with progressive hypoxemia who meet these initial criteria supported with ECMO have
85% survival to discharge [46].

7.3. Factors associated with survival

A retrospective review of the CDH Study Group database found that the overall survival for
CDH infants was 67% and for those requiring ECMO, it was 61%. Of the infants that required
ECMO and underwent surgical repair, survivors had greater gestational age (>38 weeks), greater
birth weight (>3 kg), were less likely to be prenatally diagnosed, less likely to have Apgar <7 at 5
minutes, less likely to have a patch repair and had shorter ECMO runs of median 9 +/- 5 days [47].

7.4. Oxygen index and alveolar-arterial oxygen gradient (AaDO,)

Objective criteria for ECMO patient selection have been suggested in the literature. The two
most commonly utilized measures are oxygenation index (OI) and alveolar-arterial oxygen
gradient (AaDQO,).

The mortality risk in neonatal respiratory failure can be measured by an OI which is based on
Pao,, and mean airway pressure (MAP).

It is computed by:

OI = MAP x FiO, x100/Pa0O,. (1)
In early ECLS studies, OI >40 in three of five postductal arterial blood gas measures 30-60
minutes apart, a mortality rate > 80% (8, 9) was predicated. Some advance initiation of ECLS

based on an Ol of 25 or greater which has a mortality of 50%. ECMO is considered when respi-
ratory failure exists and the Ol is calculated at between 25 and 40 [39].

Alternatively, AaDO, has also been shown to be sensitive for predicting mortality [48].

AaDO, = (P,.,-47) (FiO,) - [(PaCO,)/0.8] - PaO, )

ATM

When the OI > 40 or AaDQ, > 625 mmHg for 4 hours (or >600 mmHg for 12 hours), ECMO is
considered mandatory.

7.4.1. Contraindications to ECMO

In addition to unique clinical parameters to assess pulmonary hypoplasia in CDH, there are
generalized contraindications to neonatal ECMO that correspond to high mortality:

* Prematurity: gestational age <34 weeks (high risk of intracranial hemorrhage) [49]
¢ A known pre-ECMO IVH greater than grade 2 [50]
* Weight <2 kg (technical limitation due to cannula size)

* Mechanical ventilation >7-14 days due to risk of fibroproliferative pulmonary disease [51]
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¢ Hypoxic ischemic encephalopathy [52]

¢ Chromosomal abnormalities (other than trisomy 21) [53].

7.4.2. Relative contraindications

* Multisystem organ failure or irreversible critical illness [54]

¢ Evidence of bleeding diathesis/disseminated intravascular coagulation (DIC) (correct prior
to ECMO) [55]

¢ Immune compromise [56]
¢ Seizures prior to ECMO [57]

* Cardiac arrest was previously considered a contraindication but now survival of up to 40%
after cardiac arrest is reported. The causes of the arrest are variable and the identification
and treatment of the underlying cause will influence outcome [58]. Of those who survive,
at least 60% have a reasonable neurologic outcome.

7.4.3. ECMO complications

Complications during ECMO support are associated with worse outcomes. Complications
increase with prolonged ECMO support.

7.4.3.1. Bleeding:

Bleeding is associated with heparinization. It is the most common complication, occurs in
10-30% of ECMO runs, and can be devastating [59].

¢ Intracranial hemorrhage (ICH): ICH is the most common cause of death in newborns on
ECMO. The etiology is multifactorial. After heparinization, platelet function remains dis-
rupted for 48 hours after ECMO is discontinued [60]. This effect is increased in infants below
37 weeks’ gestational age.

¢ Bleeding at extracranial sites, e.g., gastrointestinal (GI) hemorrhage

¢ The incidence of bleeding attributed to technical failure is between 2 and 5%. Cannula site bleed-
ing may be as high as 6%. Cardiac patients requiring ECMO have a higher incidence of bleeding.

In order to decrease the risk of bleeding, the platelet count is kept above 100,000 mm™=. The ACT
is maintained between 180 and 240 seconds [61]. The occasional discontinuation of heparin may
be needed.

7.4.3.2. Neurologic

The most serious post-ECMO morbidities are neurologic. Morbidity and mortality increase
with greater prematurity. This implies that factors present prior to ECMO are related to neu-
rologic outcomes. By 2.5-3 years, infants with CDH requiring ECMO had worse neurologic
outcomes than nonCDH ECMO survivors [62, 63].
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Neonatal seizures are associated with long-term morbidity and poor outcome including cere-
bral palsy and epilepsy [42, 43]. Clinical seizures occur in 5-10% of ECMO neonates [64, 65].
Abnormal electroencephalogram (EEGs) are predictive of developmental delay. Only 18% of
ECMO infants with normal EEGs have developmental delays; 35% with one abnormal EEG, and
58% with two or more abnormal EEGs [66].

Sensorineural hearing loss occurs in 5% of ECMO survivors, though this rate is comparable
to nonECMO PPHN infants [67].

7.4.3.3. Pneumothorax

Boloker et al. reported 120 consecutive inborn infants managed with a care strategy based on
permissive hypercapnia, spontaneous respiration, and elective repair [39]. The overall survival
rate was 75.8%, but, excluding 18 of 120 not treated for lethal anomalies, overwhelming pulmo-
nary hypoplasia, or prerepair ECMO-related neurocomplications, 84.4% survived to discharge.
In this series with excellent outcomes, the need for tube thoracostomy was rare, however, every
inborn patient (n = 11) requiring a chest tube for pneumothorax died. Generally, the incidence
of pneumothorax is reported between 4 and 14% and carries a grave prognosis.

7.4.3.4. Mechanical failure

Mechanical failure of the ECMO circuit can occur [65]. Examples included: thrombus in the
circuit (65%), cannula problems (12%), failure of the oxygenator (6%), pump malfunction
(2%), and air in circuit (5%). The effect of technical complications on survival is not as great as
other physiologic complications.

7.4.3.5. Timing of operation

Although surgical management was historically an emergency for infants with CDH, this is no
longer the approach. Previously, CDH was associated with a poor prognosis and a survival rate
of approximately 50% with significant morbidity. The aim of medical management in infants
with CDH is to stabilize for operation. The results of several studies suggest that delayed repair
of CDH after prolonged stabilization has a beneficial effect on the survival rate. Other authors
report conflicting results. The optimal time for surgical repair remains controversial and is not
completely established.

The primary goal of preoperative stabilization is resolution of pulmonary hypertension.
However, complete resolution of PHN can be challenging. Preliminary experience with the use
of nitric oxide in infants with CDH has suggested that most infants with hypoxic respiratory
failure did not show a sustained response.

Almost 500 infants undergoing early (<48 hours) versus delayed (>48 hours) were recently
compared. The primary outcome was 90-day survival, and treatment duration (ventilation,
oxygen, and hospitalization) was the secondary outcome. To adjust for disease severity,
infants were stratified into three severity groups by Apgar score at 1 minutes (“mild” had an
Apgar of 8-10, “moderate” 4-7, and :severe” 0-3). Outcomes were compared between early
repair and delayed repair within each severity group [68].
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Although 90-day survival was significantly different among the three severities (“mild” 97%,
“moderate” 89%, and “severe” 76%, p = 0.002), there were no differences in 90-day survival
between delayed repair and early repair in each group. In “mild,” there were no differences
in treatment duration between early and delayed repair. In “moderate,” treatment duration
was shorter in the early repair group (ventilation 11 vs. 16 days, oxygen 15 vs. 20 days, and
hospitalization 34 vs. 48 days). In the “severe” group, treatment duration was shorter in the
early repair group.

The timing of CDH repair appeared to have no influence on 90-day survival regardless of
disease severity. Infants in the moderately severe category may benefit from the early repair
by reducing treatment duration.

Some reports suggest that early repair on ECMO was associated with a decreased time on
ECMO, decreased complications, and increased survival [69]. Others refute this and report
increased survival if repair can be delayed until the infant is discontinued from ECMO [70].

Over about one decade (1992-2000), a single institution challenged conventional CDH man-
agement in the context of a clinical care strategy based on permissive hypercapnia and gentle
ventilation. All infants underwent a respiratory care strategy based on permissive hypercap-
nia and spontaneous respiration, combined with elective repair. Arterial blood gas values and
concomitant ventilator support were recorded.

All CDH infants and the following criteria were retrospectively reviewed: (1) respiratory distress
requiring mechanical ventilation, (2) in-born infants, or (3) infants transferred preoperatively
within hours of birth. Outcome markers such as the need for ECMO, time to discharge to home,
need for supplemental oxygen at discharge, and the influence of nonECMO ancillary therapies
(surfactant, nitric oxide, and high-frequency oscillatory ventilation) were examined.

For 120 consecutive infants with CDH, the overall survival rate was 75.8%. When 18 of 120
that were not treated were excluded (6 lethal anomalies, 10 overwhelming pulmonary hypo-
plasia, 3 prerepair ECMO-related neurocomplications), 84.4% survived to discharge. A total
of 67/120 were inborn (55.8%). NonECMO ancillary treatments, such as iNO, HFOV, or sur-
factant, had no impact on the survival rate. ECMO was used in 13.3%. Surgery was transab-
dominal in all and 7% required a patch. Tube thoracostomy was rarely required, but every
inborn patient (n = 11) who required a chest tube for pneumothorax died. The overall mean
settings for respiratory support before surgery in survivors were: PIP: 22, FiO,: 43%, PaO,: 66
Torr, PaCO,: 41 Torr and Ph: 7.32. Two infants that were successfully discharged on oxygen
died at 4 and 7 months, respectively and the cause of death was not recorded.

The majority of infants with life-threatening CDH treated with a care strategy of permissive
hypercapnia, spontaneous respiration, and elective surgery survive to discharge with mini-
mal pulmonary morbidity [42, 43].

Opverall, the approach of delayed surgery after stabilization is based on clinical evaluation, best
practices, and retrospective evidence. Delay of operation while waiting for physiologic stabi-
lization may shift mortality from post-op to pre-op in infants that do not survive. The delayed
operation approach favors better resource utilization and physiologic stress reduction during
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hemodynamic instability and pulmonary hypertension. The delayed approach also favors
infant self-selection as they demonstrate that they can stabilize during the waiting period.

8. Low risk CDH infants

There are few data in lower risk infants to support specific timing of repair of elective CDH
after hemodynamic stability is achieved. The CDH study group data for low risk CDH infants
were analyzed. The aim of the analysis was to understand the effect of timing of repair on
survival in patients who did not require ECMO. Delayed repair did not appear to improve
survival and if surgery is significantly delayed, there is an incidence of bowel obstruction and
even volvulus in CDH infants [70].

8.1. Right-sided CDH

Previously, right-sided CDH was considered a subgroup of CDH infants with a poor prognosis.
Twenty-seven cases of right CDH that presented for prenatal evaluation (MR or fetal echo) or
postnatal treatment between 1995 and 2002 were retrospectively reviewed. In all cases, the fetal
liver was herniated into the right chest [71].

The mean gestational age at evaluation was 26.1 weeks. The lung area to head circumference
ratio (LHR) ranged from 0.32 to 2.5. Associated anomalies were common. There were four
terminations. Fifty percent of continuing pregnancies had polyhydramnios, premature rup-
ture of membranes, or preterm labor. The mean gestational age at birth was 36.8 weeks. One
patient underwent tracheal occlusion at 27 weeks and two died before postnatal repair. The
overall survival rate was 70% and the postnatal survival rate was 83%. A patch was utilized in
67% of neonates undergoing surgery. Fifty percent required ECMO with a 75% survival rate.
Significant morbidity occurred in 53% of survivors and included neurologic sequelae in 32%.

MRI was considered helpful in the determination of liver position and confirmation of the
diagnosis. This subgroup has a high incidence of preterm complications, comorbidities, and
a frequent need for ECMO. Close prenatal surveillance and delivery at a tertiary care center
with ECMO capability is recommended.

In contrast, a more recent series found right CDH was not associated with increased mortality, but
it was associated with increased requirement for pulmonary vasodilatory therapy and require-
ment for tracheostomy [72]. However, the conclusion was similar in that the high incidence
of pulmonary complications indicates an increased severity of pulmonary hypoplasia in right
CDH and supports a role for delivery in tertiary centers with expertise in CDH management.

9. Repair on ECMO

In contrast to some that recommend delayed operation, others report that, if data are unad-
justed for severity of disease, delaying CDH repair is associated with increased mortality [70].
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One multivariate analysis of early versus late repair reports that timing of repair confers no
difference in outcomes [73]. Most recommend CDH repair should be based on the optimiza-
tion of clinical parameters as opposed to a specific time period to improve outcome.

Others report that surgical repair on ECMO may confer a slight survival advantage and the
complications from bleeding may be lessened by the use of tranexamic acid [74]. Others con-
tradict this recommendation [75]. Similarly, there are significant differences between repaired
and nonrepaired CDH infants and significant center variation in the rate of nonrepair exists.
Aggressive surgical management, leading to a low rate of nonrepair, is associated with
improved risk-adjusted mortality [76].

An increase in survival to surgery does not always equate to increased survival overall. Some
authors suggest that if the liver is down, the PHN is less severe, the defect tends to be smaller,
and the recommended approach is stabilization and delayed repair [76]. For those with the
liver up, the PHN tends to have increased severity with a larger defect and those may benefit
from repair on ECMO, but more investigation is needed [77].

9.1. Care strategy for repair of CDH

It is recommended that the operation is delayed until FIO, < 50%, PIP <25 cm H,0O, MAP < 12,
with resolution of pulmonary hypertension by clinical criteria and echo. The infant should have a
normal acid base balance, stable blood pressure, resolution of anasarca, and almost meet param-
eters for ECMO discontinuation or have undergone decannulation.

If the infant is on ECMO, consider the use of an AMICAR infusion @20 mg/kg/hour, following
a loading dose of 100 mg/kg. One must prepare for the large transfusion protocol, and blood
products should be prepared to allow rapid infusion if needed during operation. The infant
must have access from anesthesia and surgery and adequate venous and arterial access for
administration of blood products, medications, and monitoring. Both preductal and postduc-
tal saturation monitors must be in full view. Blood gases will be monitored at baseline and
then approximately every 30 minutes during the operation. Extensive team communication
between anesthesia, surgery, and neonatology is imperative during the CDH repair operation.

9.2. Outcomes and long-term follow-up

The improvement in ventilation and resuscitation modalities in recent years has improved
survival in CDH infants. The increased survival led to an increase in the long-term morbidity
burden. As more survivors are advancing in years, our understanding of the complexity of
the CDH pathology has improved [78, 79].

The CDH patient is a complicated patient with an intricate disease course. Follow-up should
be composed of a multifaceted approach as there are surgical and nonsurgical consequences
to the disease process.

9.3. Hernia recurrence

Recurrence of the diaphragmatic hernia has been reported in 8-50% of CDH survivors. The
size and the type of repair (patch vs. primary closure and thoracoscopic vs. open repair)
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appear to be the most commonly reported factors affecting recurrence [80-84]. Survivors with
large defects or who underwent patch or laparoscopic repair tend to be more prone to have
a recurrence. Recurrence can occur months to years from the initial repair. Recurrences can
present with a spectrum of findings from the asymptomatic patient to a patient with bowel
obstruction.

9.4. Thoracoscopic versus open repair

Conlflicting studies exist regarding the hernia recurrence rate after thoracoscopic or open
repair for infants with CDH. Many studies report an increased incidence of recurrence after
thoracoscopic repair. In general, these are poorly controlled, retrospective studies. It has been
difficult to determine if the increased recurrence is secondary to patient selection, techni-
cal variations in repair, experience of the surgeon, or a combination of all of the above. The
International Pediatric Endoscopic Group (IPEG) reported one of the first multiinstitutional
studies across seven tertiary care pediatric hospitals and attempted to address these questions.
IPEG attempted to specifically evaluate the technical variations of thoracoscopic repair of CDH
to identify if certain methods are associated with recurrence [85].

They compared primary versus patch repair, type of patch and suture utilized, technique of
patch application, and use of extracorporeal/rib fixation sutures. The study concluded there
was no statistically significant technical factor related to recurrence to currently recommend
a standardized surgical approach to thoracoscopic repair [85].

9.5. Pulmonary outcomes

CDH survivors are more prone to experience a pulmonary morbidity. Around 25% of CDH sur-
vivors develop an obstructive airways disease [86, 87]. An estimated 55% of survivors develop
recurrent respiratory infections regardless of their chronic pulmonary or airway morbidity [88].
Pulmonary hypertension can also persist and correlates with early mortality [89].

9.5.1. Neurological and developmental outcome

Longitudinal neurodevelopmental and neuroimaging studies of CDH survivors have demon-
strated the survivors’ susceptibility to neurodevelopmental delay. Magnetic resonance studies
revealed anatomic abnormalities in 17% of CDH patients [90]. Delayed brain maturation appears
to be prevalent, especially in infants with severe CDH [91]. Such findings correlate with future
cognitive impairment. The findings correlated with ECMO treatment, right-sided CDH, intra-
thoracic liver, patch repair, and prolonged oxygen use after multivariate analysis [67].

Sensorineural hearing loss, independent of ECMO use, has been described in CDH survivors
[92, 93] and is believed to stem in part as a side effect of treatment. Approximately 35% of
survivors will require hearing aids [94, 95].

9.5.2. Nutritional, growth, and gastrointestinal outcomes

Failure to thrive has been well documented in CDH survivors, with estimates of between 20
and 50% of survivors experienced growth retardation and remains in the lower percentiles
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on the growth chart [96, 97] and it is believe to be a result of complex processes including oral
aversion, GERD, increased metabolic stress due to ingoing morbidity. Around 33% of survi-
vors require some form of tube feeding [80, 98].

Gastroesophageal dysmotility and regurgitation has been found to be prevalent in CDH survi-
vors with a prevalence of between 45 and 90% reported [97-101]. The tendency to GERD may
contribute to the survivor’s failure to thrive. However, at present, there is no evidence that
routine fundoplication is needed.

9.5.3. Musculoskeletal outcomes

Chest wall deformities and scoliosis have been reported in CDH survivors. The litera-
ture estimates the prevalence of chest wall deformities to be approximately 16-48% [86,
102-105]. While thoracic scoliosis has been reported in 10-27% of survivors [82, 105].
Though prevalent, not all deformities will require intervention. The prevalence of scoliosis
has been found to be more prevalent in survivors with big defects who underwent patch
repairs [84, 105].

9.5.4. Other outcomes

In addition to the above-mentioned long-term morbidities, associated congenital defects have
been reported in around 33-40% of CDH infants [106-112]. Associated congenital anomalies
such as cardiac defects, genitourinary abnormalities, and neurological anomalies should be
taken into consideration when planning long-term follow-up.

9.5.5. Follow-up

The complexity of the CDH patient mandates a structured multidisciplinary follow-up.
In 2008, the American Academy of Pediatrics published an outline for the follow up of the
patient with CDH [107]. This was done to identify and treat morbidities to prevent any further
disability. The outline is summarized in Table 1 [107].

Before 1-3 months  4-6 months  9-12 months 15-18 months Annual
discharge  after birth after birth after birth after birth through 16
years
Weight, length, X X X X X X
occipital-frontal
circumference
Chest radiograph X If patched If patched If patched If patched If patched
Pulmonary function If indicated If indicated  If indicated
testing
Childhood As X X X X X
immunizations indicated
throughout

childhood
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Before 1-3months  4-6 months  9-12 months 15-18 months Annual
discharge  after birth after birth after birth after birth through 16
years
RSV prophylaxis RSV season X X X X X
during first
2 years after
birth (if
evidence
of chronic
lung
disease)
Echocardiogram and X If previously If previously  If previously If previously  If previously
cardiology follow-up abnormal abnormal abnormal abnormal abnormal
orif on or if on orif on orif on orif on
supplemental supplemental supplemental supplemental supplemental
oxygen oxygen oxygen oxygen oxygen
Head computed If (1) Asindicated Asindicated Asindicated Asindicated  As indicated
tomography or MRI  abnormal
finding
on head
ultrasound;
(2) seizures/
abnormal
neurologic
findings?; or
(3) ECMO
or patch
repair
Hearing Auditory X X X X Every 6
evaluation 44 brainstem months to
evoked age 3 years,
response or then annually
otoacoustic to age 5 years
emissions
screen
Developmental X X X X Annually to
screening evaluation age 5 years
Neurodevelopmental X X Annually to
evaluation age 5 years
Assessment for oral X X If oral If oral feeding  If oral feeding If oral
feeding problems feeding problems problems feeding
problems problems
Upper Consider If symptoms ~ If symptoms ~ Consider for all If symptoms  If symptoms
gastrointestinal for all patients
study, pH probe, patients
and/or gastric
scintiscan
Esophagoscopy If symptoms  If symptoms  If symptoms If symptoms  If symptoms

or if abnormal
gastrointestinal
evaluations
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Before 1-3 months  4-6 months  9-12 months 15-18 months Annual
discharge  after birth after birth after birth after birth through 16
years
Scoliosis and chest X X

wall deformity
screening (physical
examination, chest
radiograph, and/
or computed
tomography of the
chest)

Notes: The neurosensory tests performed and frequency of surveillance may differ among infants with CDH because of
variability in neurologic, developmental, and physiologic impairments. Follow-up should be tailored to each infant. RSV
indicates respiratory syncytial virus.

* Muscle weakness, hypotonia, hypertonia, or other abnormal neurologic sign or symptom.

Table 1. Recommended schedule of follow-up for infants with CDH [107].

10. Conclusions

The management of congenital diaphragmatic hernia remains a challenge. Mortality is dependent
on associated malformations, the severity of pulmonary hypoplasia, pulmonary hypertension,
and iatrogenic lung injury associated with aggressive mechanical ventilation. A comparison of
the mortality rate of CDH infants in a single center between 1995 and 2005 versus 2006 and 2016
revealed that the mortality rate significantly decreased in the later time period, 17.9 compared to
4.4%. Prenatal diagnosis, intrathoracic liver, low Apgar score, and low birth weight were defined
as independent risk factors for mortality. The mortality in ECMO-treated patients was 50% in
both time periods [113]. Despite no significant differences in the incidence of independent risk
factors and the use of ECMO between the two time periods, mortality decreased over time.

Therefore, there are many important factors involved in a successful outcome after CDH
repair. Large multicenter studies are necessary to define those critical factors and to deter-
mine optimal treatment strategies.

Infants with CDH should be delivered as close to term as possible. At birth, management
includes bowel decompression, avoidance of mask ventilation, and endotracheal tube place-
ment if required. The care strategy includes gentle ventilation, hemodynamic monitoring,
and treatment of pulmonary hypertension followed by surgery. Although inhaled nitric oxide
is not Food and Drug Administration (FDA) approved for the treatment of pulmonary hyper-
tension in CDH infants, it is commonly used. Extracorporeal membrane oxygenation (ECMO)
is considered if conventional medical management fails for infants> 34 weeks’ gestation or
with weight >2 kg and no associated major lethal anomalies. With advances in CDH manage-
ment, the overall survival has improved and has been reported between 70 and 90% in non-
ECMO infants and up to 50% in infants who undergo ECMO.

There are many important areas of research that may promote better understanding of the
development of CDH. Fujinaga et al. reported that cord blood endothelial progenitor cells are
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altered in CDH infants, but the mechanism is unknown [114]. Russo et al. reported the use of
transplacental sildenafil rescues lung abnormalities in a rabbit model of CDH, improves vas-
cular branching, and reduces pulmonary vascular resistance [115]. This promising research
may further alter and improve outcomes for infants with CDH.
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Abstract

Parastomal hernia (PSH) is a type of incisional hernia defined as a protrusion of abdomi-
nal contents through a weakness in the abdominal wall. PSH is the most common and sig-
nificant complication following enterostomy construction, with an incidence of 30-50%.
The risk is higher in colostomies than in ileostomies. Diagnosis of PSH is based on clinical
examination or imaging. Most patients with PSH are usually asymptomatic. On the other
hand, PSHs may affect an individual’s physical function and decrease their quality of life.
Surgical repair is indicated in 10-30% of patients with PSH. For repair, no single tech-
nique is superior to another. Therefore, several surgical methods have been developed
and attempted, including primary repair, stoma relocation, and repair with different
types of mesh either via the open or laparoscopic approach. However, high recurrence
rates have been reported after repair. Because this is a difficult and problematic entity,
the prevention of PSH occurrence is clearly the most appropriate management approach.

Keywords: parastomal hernia, repair, Sugarbaker, laparoscopy, prevention, mesh

1. Introduction

Ostomy creation is usually associated with potential weakness of the abdominal wall, and
parastomal hernia (PSH) is a common complication of permanent stoma formation [1, 2]. PSH
is a type of incisional hernia located near an intestinal stoma (Figure 1). Although PSH is rare
(ranges from 0 to 3%) in the early postoperative period, it occurs most commonly within the
first 2 years after surgery, with a prevalence of 30-50%, and the risk persists for more than
20 years [2—4]. Ostomy creation and one of its major complications, PSH may negatively affect
an individual’s physical function and quality of life (QoL) [5]. There is no current consensus
on the surgical procedure or optimal technique for stoma formation [1, 6]. On the other hand,
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high recurrence rates have been reported after repair [1, 3, 7]. Presently, the prevention of
PSH development is clearly considered the best management approach for this difficult and
problematic entity [1-4, 8]. In this chapter, an overview of parastomal hernia will be pre-
sented, and its clinical features, incidence and risk factors, preventive strategies, and surgical
management techniques will be discussed.

Figure 1. A patient with parastomal hernia on the left side of the abdominal wall.

2. Incidence and risk factors

It is difficult to establish the exact incidence of PSH; however, it has been estimated at 4-48%
for colostomies and 2-28% for ileostomies in surgical practice [1, 6] (Table 1). This discrep-
ancy is presumably because of the lack of a consistent definition of PSH, variations in clinical
or radiological diagnostic methods (which have yet to be standardized), variations in follow-
up time, and small or heterogeneous patient groups [4, 6, 9-11]. The use of imaging methods,
such as ultrasonography (US) or computed tomography (CT), may have contributed to the
high PSH rates reported during the last years because they can detect smaller hernias that
are not apparent at clinical examination [2, 4, 6]. Cingi et al. [12] reported a PSH incidence of
52% at physical examination, while it was up to 78% with the addition of CT scan. Although
majority of parastomal hernias most commonly occur within the first 2 years, the risk of
herniation persists for up to 20 years following stoma creation [3, 6]. The lower rate for loop
stoma, especially loop ileostomy, is most probably associated with the temporary nature of
loop ostomies and the short follow-up period [1]. Rates of PSH after laparoscopic stoma for-
mation are low and have been reported in the range of 0-6.7% [1, 8]. However, there is some
evidence that PSHs are more common after laparoscopic surgery than after open surgery
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(18 vs. 2%, respectively; p = 0.04), especially when the specimen is removed from the future
ostomy site [13].

Development of parastomal herniation has been associated with patient- and technical-
related risk factors (Table 2). Patient-related risk factors for parastomal hernia include
female sex; age >60 years; obesity (waist circumference of >100 cm or body mass index
of >25 kg/m?); smoking; comorbidities such as hypertension, chronic respiratory disease,
and ascites; poor nutritional status; inflammatory bowel disease; immunosuppression;
corticosteroid use; postoperative sepsis; concomitant incisional hernia; and increases in
intra-abdominal pressure [8, 10, 11, 14, 15]. Surgery or technique-specific factors that
should be taken into consideration include emergency stoma placement, the type of stoma
(Table 1), surgical technique for ostomy construction, the diameter of the trephine, or size
of the aperture in the abdominal wall, bringing the stoma out through the resection site,
placement of prophylactic mesh, and position of the stoma [2, 6, 7, 10, 16]. However, the
exact pathogenesis of PSH formation remains unclear. A reduction ratio of mature type I
collagen to immature type III collagen during healing is thought to be a contributing factor
to PSH formation [8, 17].

Type of enterostomy Incidence of PSHs (%)
Loop ileostomy 0-6.2

Loop colostomy 0-30.8

End ileostomy 1.8-28.3

End colostomy 4-48.1

Laparoscopic stoma formation 0-6.7

Trephine stoma formation 6.7-12

Placement of prophylactic mesh 0-8.3

Table 1. Incidence of parastomal hernias for different types of enterostomies.

Patient-related risk factors Technique-specific factors

Age Hypertension Emergency surgery

Female gender Steroids Colostomy > ileostomy

Obesity Immunosuppression End stoma > loop stoma
Malnutrition Postoperative sepsis Stoma aperture size

Smoking Ascites Trephine size

Inflammatory bowel disease Concomitant incisional hernia Preventing mesh placement
Chronic obstructive pulmonary Increased intra-abdominal pressure  Stoma placement - Transrectal >
disease lateral pararectal

Table 2. Risk factors for the development of a parastomal hernia.
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3. Clinical features, diagnosis, and classification

PSHs are mostly asymptomatic; as with other types of hernias, patients generally present
with a bulge or a protrusion near the stoma. However, some patients may complain of mild
abdominal discomfort or pain, intermittent cramping, distention, difficulty with device appli-
cation, and life-threatening complications such as strangulation, perforation, and obstruction
[1, 5, 7, 9, 10]. Furthermore, in almost all patients with PSH, a significant decline in QoL is
observed [5].

As a rule, PSHs are typically diagnosed clinically by history and physical examination [2, 4,
15, 18]. However, in case of doubt, imaging studies such as CT scan and US should be per-
formed as an adjunct to clinical evaluation [2, 4, 10, 12, 18, 19] (Figure 2). Assessment of the
patient in the upright and supine positions is important for an adequate physical examination.
The Valsalva maneuver in the standing position, straight leg raising in the supine position, or
coughing can increase the detection of PSHs and should be performed in this evaluation [2,
15, 17]. In addition, Janes et al. [20] claimed that CT scan in the prone position and placement
of the stoma in the center of an inflatable plastic ring produced a stronger correlation with
clinical findings than that of conventional tomography.

There are several classification systems for PSH that are based on clinical, radiological, or
intraoperative criteria; however, none of the classification proposals have been universally
adopted because each has its own limitations (Table 3). Although these classification systems
may be useful in academic research, there is little requirement for them in clinical practice
because assessment, management, and diagnosis are usually based on symptoms and clinical

Figure 2. An axial CT scan showing a fascial defect (white arrow) and a parastomal hernia (black/white arrow).
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examination. More recently, the European Hernia Society assembled to review the existing
classification systems and expanded upon the definitions proposed by Gil and Szczepkowski
to include a size cutoff of 5 cm; however, this new system has not yet been validated as a clini-
cal tool [8, 18, 19, 21-24].

Author and year Classification proposals

Devlin (1983) [22] Type I: interstitial hernia

Type II: subcutaneous hernia

Type III: intrastomal hernia

Type IV: peristomal hernia (stoma prolapse)

® Intraoperative findings
® Clinical validation: Yes

Rubin (1993) [23] Type I: true PSH

Type Ia: interstitial

Type Ib: subcutaneous
Type II: intrastomal hernia
Type III: subcutaneous

¢ Intraoperative findings

e (Clinical validation: No

Moreno-Matias (2007) [19] Type 0: peritoneum follows the wall of the bowel forming the stoma,
with no formation of a sac

Type Ia: bowel forming the colostomy with a sac of <5 cm

Type Ib: bowel forming the colostomy with a sac of >5 cm

Type II: sac containing omentum

Type III: intestinal loop other than bowel forming the stoma

¢ Tomography findings

e Clinical validation: Yes

Gil and Szczepkowski (2011) [24] Type I: isolated small PSH

Type II: small PSH with cIH (without any wall deformity)
Type III: isolated large PSH (with abdominal wall deformity)
Type IV: large PSH with cIH (with abdominal wall deformity)

* Physical examination

e Clinical validation: Yes

Smietariski (2013) [21] Type I: PSH <5 cm without cIH
o Type II: PSH 5 cm with cIH
* Intraoperative findings Type III: PSH >5 cm without cIH

Type IV: PSH >5 cm with cIH
P — primary PSH
R — recurrent PSH

e Clinical validation: No

Abbreviations: PSH, parastomal hernia; cIH, concomitant incisional hernia.

Table 3. Hernia types in different classifications with basis of classification and clinical validation.

4. Treatment strategies

4.1. Conservative management

Most patients with PSH are usually asymptomatic; therefore, they can be managed conserva-
tively [1, 2, 6, 13, 16, 25]. Conservative management is preferred because surgical treatment
can be challenging, with no guarantee of success. Patients who agreed to be followed up with
nonoperative approaches should be educated about life-threatening signs and symptoms and
should be prompted to seek medical assistance to avoid a delay in diagnosis. The uses of stomal-
supporting devices, such as abdominal support belts especially while undertaking heavy work
during the first year after the surgery, patient education regarding the avoidance of lifting heavy
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objects, weight loss, diet changes, and abdominal exercises to strengthen the abdominal muscle,
are successful strategies for conservative management of PSHs [2, 15, 18, 26]. Unfortunately,
despite all attempts, one-third of all patients with PSH require surgical repair [15, 17, 27-29].

4.2. Surgical treatment

Urgent or emergent surgical repair is indicated for patients who develop acute PSH-related
complications, such as bowel obstruction, incarceration or strangulation of hernia content,
stomal ischemia, fistulization, and prolapse, and for those with chronic symptoms that impair
the QoL [1-4, 8, 30, 31]. Other indications are relative and include failure of conservative
measures, chronic abdominal pain related to the PSH, ulceration of the surrounding skin,
and dissatisfaction with the aesthetic appearance [18]. For repair, there is no single technique
that is superior to another [1, 6, 31]. These surgical techniques include local repair of enlarged
fascial defects, relocation of stoma to a new site, and prosthetic mesh repair via laparotomy
or laparoscopic approach [2, 8, 10, 16, 17, 31, 32]; all are associated with high rates of hernia
recurrence (57.6-69.4% vs. 24-86% vs. 6.9-17.8%, respectively) and high rates of overall com-
plication ranging from 24-88% [7, 8, 30, 31, 33].

4.2.1. Primary fascial repair without mesh

Primary local fascial repair is technically simple, does not require a laparotomy or dissection,
and has low morbidity [8]. However, the results are disappointing, with recurrence rates up
to 50%, thus limiting its clinical applicability [3, 4, 7, 8, 30-33]. A systematic review by Al
Shakarchi and Williams [7] reported an overall complication rate of 14.1%, wound infection
rate of 9.4%, and PSH recurrence rate of 57.6% at a mean follow-up of 30 months (range, 7-65
months). Therefore, primary fascial repair of PSHs has been largely abandoned and should
be performed only in exceptional circumstances because of the significantly higher recurrence
rate than that of mesh repairs; it should also be performed in patients with small defects for
whom there is a strong desire to avoid prosthetic mesh or more extensive surgery [2, 3, 18, 30].

4.2.2. Repair by stoma relocation

Stoma relocation is another choice for repair of PSH, and it is associated with a high recur-
rence rate (range, 24-86%), morbidity rate (23%), and an additional risk of incisional hernia
development in the midline or at the old ostomy site of 20% [4, 8, 34]. This technique usu-
ally requires a formal laparotomy or peristomal incision, dissection of the PSH along with
other parts of the bowel, and mobilization of the intestine to enable stoma repositioning [18].
Although short-term outcomes seem to be favorable, the recurrence rates appear to be sig-
nificantly high with longer follow-up periods [3]. Hernia recurrence rate for stoma relocation
is lower than that for primary fascial repair; however, the complication rate is higher with
longer hospitalization [3, 4, 18]. Moreover, stomas relocated to the contralateral side of the
abdomen appear to have a decreased risk of subsequent herniation compared with the risk for
those relocated to the same side [4, 15]. Patients treated with relocation of the stoma should
be carefully selected because this approach may be difficult, especially in patients with intra-
abdominal adhesions [18].
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4.2.3. Repair with mesh

Mesh repair is well established as the method of choice for repairing PSHs [1, 25, 28].
Recurrence rates for PSH with mesh repair are in the range of 6.9-17.8%, which compares
favorably to those for both direct repair and relocation [30]. Meshes can be implanted in sev-
eral different layers of the abdominal wall: onlay, inlay, sublay (retromuscular), or underlay
(intraperitoneal onlay). Onlay mesh is placed subcutaneously and fixed onto the anterior
rectus aponeurosis. Inlay mesh is placed in the abdominal wall defect and sutured to fas-
cial edges. Sublay mesh is placed between the rectus abdominis muscle and posterior rectus
sheath. With an underlay technique (both keyhole and Sugarbaker techniques), the mesh is
placed intra-abdominally onto the peritoneum [4].

The advantage of the onlay technique is that a laparotomy is not required. The disadvantages
are the high risk of mesh infection and impaired wound healing or superficial skin ischemia
[2, 4, 25]. This technique has been associated with an overall morbidity rate of 12.7%, a wound
infection rate of 1.9%, a mesh infection rate of approximately 2%, and a PSH recurrence rate
of 14.8-17.2%. The sublay and intraperitoneal onlay mesh (IPOM) techniques may be theo-
retically more effective in preventing recurrent PSH formation because the mesh is located
on the high-pressure side of the abdominal wall, and this pressure supports the mesh fixed
to the fascia [7, 35, 36]. Perhaps because of this, the sublay and IPOM techniques appear to
have lower recurrence rates (6.9-7.9 and 7.2-9.2%, respectively) than that of the onlay tech-
nique; however, this difference is not statistically significant (Table 4). Although laparotomy
is necessary for both techniques, the IPOM technique may have the added risk of adhesions
between the mesh and bowel, mesh infection, and fistula formation. Despite the advantages
and disadvantages of each technique, there are no differences in recurrence, wound infection,
and other complication rates between the methods [7]. The inlay mesh technique has already
been abandoned in PSH repair because of the high failure and recurrence rates [30].

4.2.4. Laparoscopic repair

Laparoscopic PSH repair techniques have been gaining popularity over the past several decades.
According to the American College of Surgeons National Surgical Quality Improvement
Program data records, only approximately 10% of the PSH cases are repaired laparoscopically
[27]. The main advantages of laparoscopic surgery over open repair are less postoperative
pain, reduced rate of wound infection, shorter hospital stay, fast recovery, and the possibil-
ity of diagnosis and treatment of other abdominal wall hernias [2, 4, 7, 8, 27]. Additionally, it
has been shown that laparoscopic repair of a PSH is both safe and feasible and enables better
visualization of the abdomen [15]. Presently, three methods have been described for laparo-
scopic PSH repair that apply the synthetic mesh intraperitoneally: the modified Sugarbaker
technique, keyhole technique, and “sandwich” technique (which combines the first two tech-
niques). In the modified Sugarbaker approach, a mesh is placed to cover the stoma site, fascial
defect, and the lateralized bowel segment going to the stoma of >5 cm beyond the edge of
the defect. When the keyhole technique is used, the bowel is inserted through a 2-3 cm fun-
nel in the center of the mesh. The sandwich repair uses two pieces of mesh; the first mesh is
placed in a keyhole configuration, and the larger second mesh covers the first mesh, stoma site,
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Author Technique Number of study/ Follow-up Recurrence Complications
patient duration
Hansson et al. [30] Primary repair 5/106 27 months® 69.4%" WI: 11.8%"
Onlay mesh 7/157 36 months® 17.2% WI: 1.9%
MI: 2.6%
Sublay mesh 3/42 12 months® 6.9% WI: 4.8%
MI: 0%
Underlay mesh ~ 4/45 28 months® 72% WI: 2.2%
MI: 2.2%
Al Shakarchi etal. [7] ~ Primary repair 7/141 30 months® 57.6%" WI: 9.4%"
Onlay mesh 13/216 40 months® 14.8% WI: 1.9%
MI: 1.9%
Sublay mesh 4/76 24 months® 7.9% WI: 3.9%
MI: 0%
Underlay mesh  5/65 38 months® 9.2% WI: 3.1%
MI: 1.5%

Abbreviations: WI, wound infection; MI, mesh infection.
“Statistically significant.
aMedian.

"Mean.

Table 4. The results of recently published meta-analyses on open parastomal hernia repair techniques.

and lateralized bowel and reinforces the weak point of the lateral abdominal wall using the
Sugarbaker technique [2, 4, 37].

For parastomal hernias, recurrence rates are significantly lower for laparoscopic Sugarbaker
technique (10.2-11.6%) than for the keyhole technique (27.9-34.6%), as shown in recent stud-
ies [30, 37]. Additionally, the laparoscopic sandwich technique has been reported to have the
lowest rate of recurrence (2.1%) [38]. In laparoscopic procedures, DeAsis et al. [37] reported
rates for wound infection, mesh infection, and other complications (such as ileus, pneumonia,
or urinary tract infection) of 3.8, 1.7, and 16.6%, respectively and a conversion to open repair
rate of 3.1%. According to the recent studies, there was no difference in postoperative morbid-
ity between any of the laparoscopic procedures, except for recurrence rates [8, 15]. Therefore,
it appears that global trends are shifting toward the use of the modified Sugarbaker technique
rather than the keyhole technique. Open and laparoscopic repairs also have been found to be
comparable in terms of short- and long-term results [15, 17].

Currently, several mesh types are being used for PSH repair; however, available data are insuf-
ficient to determine the optimal mesh type and remain controversial [4, 8, 38]. Expandable
polytetrafluoroethylene (ePTFE) mesh is the most widely preferred prosthetic material in lapa-
roscopic PSH repair [39]. It is softer and more flexible, has lower shrinkage, and causes fewer
tissue adhesions and less fistula formation than does the polypropylene mesh, which has been
predominantly used in the past. The only drawback of using ePTFE meshes is the high infection
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risk when it is used in a contaminated field [2, 6, 39, 40]. Therefore, biological prostheses have
gained popularity in PSH repair because of their resistance to mesh infection in potentially
contaminated areas [3, 14, 36]. However, it cannot be concluded that biologic meshes are pre-
ferred over synthetic prostheses for reducing the rates of short- or long-term complications [36].
Biological grafts are also very expensive and associated with higher rates of seroma formation
than those of synthetic meshes [40]. In addition, a recent systematic review showed that biologi-
cal grafts have recurrence rates comparable to those of synthetic meshes [2, 36].

5. Prevention

The recurrence rate after PSH repair is reported up to 50% even after successful repair [6].
Thus, the prevention of PSH occurrence from the very beginning, at the time of stoma cre-
ation, appears to be more rational and ideal approach than repairing the defect [1, 4, 8, 10,
33-35, 38]. This method was first implemented by Bayer et al. in the late 1980s and favorable
short- and long-term outcomes have been reported [2, 3]. In view of these encouraging pre-
liminary results, an increasing number of clinical studies have documented the safety and
effectiveness of prophylactic placement of mesh. Very recently, four meta-analyses (Table 5)
have shown that prophylactic mesh application at the time of stoma creation is a promising
method and may reduce the incidence of PSH, without an increased risk of mesh-related
peristomal complications [33, 41-43]. These results have been evident when obtained using
either clinical (6.5-10.8 vs. 28.8-32.4%) or radiological (34 vs. 55%) outcome measures [33, 43].
Mesh reinforcement as prophylaxis at initial stoma creation has also been shown to have a
lower incidence of PSH requiring surgical repair (2.3 vs. 8.4%; p = 0.005) than that of a control
group [33]. However, these four recent meta-analyses demonstrated no significant increases
in stoma-related complications such as parastomal infection [33, 42, 43], wound infection [43],
stomal prolapse [33], stricture [33], necrosis [42, 43], and stenosis [43].

In one of these studies, Cornille et al. [41] reported that the use of synthetic meshes as prophy-
laxis resulted in a significantly lower PSH occurrence (23.4 vs. 54.7%, p = 0.008) than that for
biological meshes (10.2 vs. 15.9%, p = 0.510), when the different types of mesh were separately
compared with controls (no mesh). In another study, Lee et al. [44] demonstrated a cost-
effectiveness analysis and reported that prophylactic mesh insertion might be cost-effective
unless the incidence of mesh infection and the cost of the mesh were high.

Another point of interest is the worldwide increase in the use of laparoscopic approach for the
prevention of PSHs. As in open intraperitoneal repairs, the modified Sugarbaker and keyhole
techniques can be utilized laparoscopically in addition to the sandwich technique [25, 45].
Placement of a mesh using the modified Sugarbaker technique has been shown to be effective
and safe in the prevention of PSH [45]. Furthermore, promising new devices and techniques
such as the stomaplasty ring (Koring™), three-dimensional funnel mesh, and stapled mesh
stoma reinforcement technique (SMART) have been developed to prevent PSH occurrence
[46-48]. Despite these significant advancements, the determination of the optimal mesh type,
the best position of implantation, and cost-effectiveness are yet to be established.
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Author No. of cases Follow-up Definition of PSH Incidence of Complications
(m-c) duration PSH (m - ¢) (m-c)
Cornille et al. [41] 430 (217 - 213) 30 days to 83 I: 1 study 19.4-43.2%" 6.9-7.0%
months C: 1 study
C+R: 6 studies
Chapman et al. 432 (218 - 214) Min. 12 months  C: 2 studies C:10.8-32.4%"  PSI:2.0-1.5%
[33] R: 2 studies R:34.6-55.3%"  Prolapse: 0.6-2.9%
C+R: 3 studies Stricture: 4.5-1.8%
PSH repair:
2.3-8.4%"
Cross et al. [42] 649 (324 - 325) 12 months to 5 C: 2 studies 16.4-36.6%" PSI: 2.2-3.4%
years R: 2 studies Stenosis: 4.9-1.4%
C+R: 6 studies Necrosis: 4.7-5.7%
PSH repair:
2.5-8.9%"
Zhu et al. [43] 522 (259 - 263) 3-60 months C: 3 studies C: 6.5-28.8%" PSI: 1.5-3.1%
R: 2 studies R:34.1-54.9%"  WI: 6.1-8.4%
C+R: 3 studies Stenosis: 2.4-1.2%
Necrosis: 4.4-8.6%
PSH repair:
2.2-8.8%"

Abbreviations: No., number; PSH, parastomal hernia; m - ¢, mesh - control; I, intraoperative findings; C, clinical
examination; R, radiological imaging; min., minimum; PSI, parastomal infection; W1, wound infection.

“Statistically significant.

Table 5. The characteristics and outcomes of four recently published meta-analyses on prophylactic mesh placement.

6. Conclusion and summary

* A parastomal hernia is a type of incisional hernia occurring at the site of stoma formation,
with an incidence of 30-50%.

¢ Risk factors are comparable to those recognized for incisional hernia and include female
sex, advancing age (>60 years), obesity, chronic respiratory disease, inflammatory bowel
disease, chronic or recurrent increases in intra-abdominal pressure, poor nutritional status,
type of stoma, size of the aperture in the abdominal wall, and placement of the prophylactic
mesh.

* Most patients with PSHs are asymptomatic. As a rule, PSHs are typically diagnosed clini-
cally by history and physical examination. In case of doubt, imaging studies should be
performed as an adjunct to clinical evaluation.

* For open repairs, the use of mesh in a sublay or an intraperitoneal position is favored; in
laparoscopic repairs, the recurrence rate for the Sugarbaker technique is lower than that for
the keyhole technique.

¢ Although biological grafts are associated with lower rates of infection, their costs are much
higher than those of synthetic meshes.
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¢ Prevention of PSH occurrence from the very beginning appears to be more rational and
better approach than defect repair. Therefore, prophylactic meshes can be effectively used
in various anatomical locations to dramatically decrease subsequent parastomal herniation
without increasing perioperative morbidity, especially in patients with high-risk factors
for PSH.
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