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Preface

This book is a collection of review papers on hernia treatments. In addition to shar-
ing their knowledge, the chapter authors provide their personal clinical experiences, 
making this book a useful resource for scientists and physicians practicing in the field. 
The book presents essential knowledge and key facts about hernia surgery.

Chapter 1, “A Brief Overview of Incisional Hernias through the Ages: Etiology, 
Treatment, and Complications” by Aulona Haxhirexha et al., discusses incisional 
hernias.

Chapter 2, “Approaching the Complex Abdominal Wall Hernia: General Principles of 
Component Separation Techniques” by Charalampos Seretis et al., discusses general 
principles of component separation techniques. Anterior component separation 
and posterior component separation are expansions of the retrorectus Rives-Stoppa 
repair. 

Chapter 3, “Clinical Features, Diagnosis, Prevention and Management of Incisional 
Hernias” by Suat Benek, examines the techniques of separating into anterior or 
posterior components for large and complex incisional hernias. 

Chapter 4, “Controversies in Laparoscopic Ventral Hernia Repair” by Mohamed 
Alfatih Hamza et al., provides an overview of ventral hernias, their causes, risk 
factors, symptomatology, diagnosis, and different approaches to their management, 
focusing mainly on laparoscopic surgery. 

Chapter 5, “Management of Ventral Hernia in Obese Patients: Before or After Bariatric 
Surgery?” by Bachir Elias et al., focuses on ventral hernia in obese patients during the 
management of their obesity. The laparoscopic approach is recommended to allow an 
exploration of the trocar sites and a second look after obesity surgery.

Chapter 6, “Hernia as a Complication of Metabolic Bariatric Surgery” by Athanasios 
Pantelis and Mohit Bhandari, discusses the approach to hiatal hernias post metabolic 
bariatric surgery (MBS), internal hernias, and abdominal wall hernia. 

Chapter 7, “Hiatal Hernia Surgery” by Igors Ivanovs, discusses the classification, clini-
cal features, investigations, and management of hiatal hernias. 

Chapter 8, “Incarcerated Inguinal Hernia in the Elderly: Surgical Implication” by 
Fabrizio Ferranti, focuses on incarcerated inguinal hernia in the elderly. Elective 
surgical hernia repair is considered the treatment of choice in elderly patients. The use 
of mesh in incarcerated inguinal hernia is disputed because of the increased risk of 
post-operative wound infection.



Chapter 9, “Open Hernia Repair” by Kumar Hari Rajah and M. Somanathan, discusses 
various open hernia techniques with an emphasis on tension-free repairs, which 
may involve the use of mesh (Lichtenstein) or may not (Desarda). The chapter also 
reviews older tension repairs like the Shouldice and Bassini repairs. 

Chapter 10, “Individualized Treatment of Inguinal Hernia in Children” by George 
Sakellaris et al., examines the evolution of hernia surgery in children from the classi-
cal operative methods to the modern laparoscopic techniques. 

Chapter 11, “Management of Strangulated Inguinal Hernia” by Mohamed Arif 
Hameed Sultan and Dayang Corieza Febriany, provides information about strangu-
lated inguinal hernia. Management strategy differs and depends on the presentation 
of the hernia, duration, patient, and surgical factors. Conservative management is not 
recommended for strangulated inguinal hernia, as it always requires surgical inter-
vention. Prompt diagnosis and management are required to reduce the morbidity and 
mortality associated with strangulated inguinal hernia. 

Chapter 12, “Hernia Mesh Fixation” by Suphakarn Techapongsatorn, discusses mesh 
fixation techniques. There are a variety of mesh fixation methods, materials, and 
devices currently available. However, there is no consensus or evidence regarding the 
most effective mesh fixation. Mesh fixation techniques have been demonstrated to 
be equally safe in terms of recurrence; however, tissue adhesives are associated with 
a lower incidence of chronic pain. Chapter 13, “Advances in Hernia Management in 
Plastic Surgery” by Eren Tuncer et al., provides an overview of the latest updates in 
hernia management within the context of plastic surgery. 

In Chapter 14, “Prehabilitation: Enhancing Recovery and Outcomes in Hernia 
Surgery,” Gabriel Paiva de Oliveira and Carmen Maillo believe the implementation 
of a structured multimodal preoperative intervention is essential to improve hernia 
care outcomes in patients with identifiable risk factors and potentially complex 
hernias. 

Chapter 15, “Male Fertility Following Inguinal Hernia Repair” by Krzysztof 
Balawender and Anna Pliszka, discusses male fertility. There are theories of a nega-
tive impact on male fertility following inguinal hernia repair surgery. A preoperative 
and postoperative semen analysis will help exclude or confirm its impact on patient 
fertility in the future.

Chapter 16, “Parastomal Hernia – Latest Knowledge and Approach” by Omar 
Alhafidh, discusses the latest on the diagnosis, complications, and repair techniques 
in parastomal hernia. 

Chapter 17, “Treatment of Low-Back Pain with Oxygen-Ozone Therapy” by Matteo 
Bonetti et al., provides information about oxygen-ozone therapy for the treatment of 
low back pain. The authors have been carrying out these treatments for more than 25 
years, and in this chapter, they report their experience with oxygen-ozone therapy 

IV

for discogenic and non-discogenic low back pain caused by pathology of the posterior 
compartment (facet synovitis, Baastrup syndrome, spondylolysis and spondylolisthe-
sis, facet degeneration).

I thank the authors for their professional dedication and outstanding work in sum-
marizing their clinical and research practices.
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Associate Professor of General Surgery,

Sözen Surgery Clinic,
 Tekirdağ, Turkey
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Chapter 1

A Brief Overview of 
Incisional Hernias through the 
Ages – Etiology, Treatment, and 
Complications
Kastriot Haxhirexha, Agron Dogjani, Aulona Haxhirexha, 
Dritan Alushani, Labeat Haxhirexha, Aferdita Ademi, 
Blerim Fejzuli and Teuta Emini

Abstract

Among the most frequent pathologies of the abdominal wall are hernias, which are 
defined as a protrusion of the abdominal organs through any of the weak points of the 
abdominal wall. They can be spontaneous appearing in weak points of the abdominal 
wall or along the site of surgical incisions. Even though hernias have been acknowledged 
since ancient times, the topic of incisional hernias was rarely discussed until the advent 
of modern surgery. After the introduction of anesthesia and antisepsis, abdominal 
interventions became common, and with this, the incidence of incisional hernias signifi-
cantly increased. Until after the second world war, the correction of incisional hernias 
was done using simple sutures, continuous fascial sutures, etc. The large variety of 
prosthetic materials that are in use today, both dual and biological, helps in the success-
ful correction of incisional hernias. A new era in the treatment of hernias began with the 
introduction of laparoscopic techniques in 1993 by Le Blanc. However, the correction 
of incisional hernias continues to remain a real challenge that requires a personalized 
approach for each patient with the aim of achieving good results and avoiding postop-
erative complications, of which hernia recurrence remains one of the most serious.

Keywords: hernia, incisional, correction, recurrence, meshes

1. Introduction

Hernias are a common pathology of the abdominal wall, affecting a large number of 
people worldwide. They are defined as the protrusion of abdominal organs through any 
weak point in the abdominal wall. Although there are different types of hernias, including 
spontaneous hernias that develop in weak points of the abdominal wall, there is another 
group of hernias that can occur along the site of a previous surgical incision in the abdomi-
nal cavity. These are called incisional hernias and can occur after any surgical intervention 
that involves a cut in the abdominal wall, such as a laparotomy or a cesarean section.
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Incisional hernias can be a challenging problem to manage, and their treatment 
often requires a multidisciplinary approach. In recent years, several advances have 
been made in the diagnosis and treatment of incisional hernias, leading to better 
outcomes for patients.

2. History

Hernias have been a concern since ancient times, but the concept of hernias was 
initially focused only on inguinal and umbilical hernias until the second half of the 
nineteenth century, when the era of modern surgery began [1].

The Edwin Smith papyrus, one of the oldest medical documents and a surgical 
treatise, does not mention any of the hernias of the abdominal wall [2]. Similarly, 
the papyrus of Ebers, which dates back to approximately 1500 years before Christ, 
describes swellings and tumors of the abdominal wall, including the first recorded 
instance of epigastric hernias [3].

Abdominal hernias were briefly mentioned in the Corpus Hippocraticum, the most 
famous medical work of ancient Greece, while incisional hernias were not mentioned 
at all [3]. However, the writings of Celsus in ancient Rome (first century AD) high-
lighted the importance of correcting abdominal hernias and described the method 
of closing the abdominal wall with layers to prevent incisional hernias [4]. Galen of 
Pergamon, another prominent Roman physician nearly a century later, described 
the mass closure technique for the closure of the abdominal wall and suggested the 
paramedian incision as the optimal technique for preventing incisional hernias [5].

During the Renaissance period, there were remarkable advances not only in art, 
literature, and science but also in the field of human anatomy, which led to the age of 
the anatomist surgeon. In 1721, La Chausse described in his dissertation “de Hernia 
Ventralis” a case of abdominal trauma that resulted in an incisional hernia, along with 
the different types of abdominal hernias. These findings represented a significant 
contribution to the understanding of abdominal wall hernias [6].

The development of surgery also saw remarkable advancements in France, where 
in 1768, during the reign of King Louis XV, surgeons were separated from barbers, 
and all surgeons had to attend the College of Surgeons [7]. The first documented 
correction of incisional hernias was performed by the French surgeon Pierre Nichollas 
Gerdy in 1836. Gerdy’s work in correcting incisional hernias represented a significant 
breakthrough in the field of surgery [8].

In 1896, the French surgeon Quenu made a significant contribution to the field of 
hernia repair by differentiating postoperative eventration from other types of even-
tration in his work “Traitement opertoire de l’éventration.” This is regarded as the first 
detailed description of incisional hernias [9].

After the advent of anesthesia and antisepsis, the incidence of incisional hernias 
increased substantially with the growing number of abdominal interventions [10–12]. 
Consequently, various techniques for correcting these hernias were developed, 
including simple sutures by Quenu, transverse overlapping technique by Mayo, and 
continuous fascial sutures from the external oblique by Witzel, Goepel, and Bartlet, 
among others [13–16]. In 1954, the Keel technique was introduced by the renowned 
surgeon Maingot as a new technique for correcting large incisional hernias [17].

At the start of the twentieth century, homologous and autologous materials were intro-
duced for the successful closure of large defects in the abdominal wall. During this time, 
well-known surgeons such as Kirschner, Loewe, Nuttall, and Judd described hernia repair 
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using various structures of the abdominal wall, including fascia, peritoneum, muscles, 
and even skin. The results they reported in their papers were satisfactory [11, 18–21].

The first hernia repair with metallic prosthetic materials was reported by Goepel 
and Witzel in 1900. The material used for these purposes was silver mesh. Other 
surgeons of this period such as Douglas, Koontz, and Throckmorton also referred to 
hernia repair through metal meshes, either silver or steel [22–26].

After the second world war, different plastic materials were synthesized, some of 
which began to be used for the correction of abdominal hernias. The first synthetic 
materials that were used for these purposes were nylon and perlon, which due to their 
poor characteristics were quickly withdrawn from use. Soon after that, other synthetic 
meshes with very good characteristics were synthesized and began to be widely used 
for the correction of hernias. Some of these materials that remain preferred for hernia 
repair are polypropylene, mersilene, polytetrafluoroethylene (ePTFE), etc. [27–29].

In 1993, for the first time, the correction of ventral hernias with laparoscopic tech-
niques was reported by Le Blanc. The correction is done using synthetic meshes from 
prolene. Laparoscopic techniques are gaining more and more space in the correction 
of abdominal hernias, including incisional ones [30].

Great advances in the correction of hernias have been noted after the synthesis 
of dual and biological meshes, which enable their intraperitoneal placement without 
risking the appearance of adhesions or enterocutaneous fistulas [7, 31–33].

3. Anatomy of the anterior abdominal wall

The abdomen is the part of the body between the thorax and the pelvis. For 
hernias and their correction, the anterior abdominal wall is more important, because 
most of them are located in this part. The anterior abdominal wall is made up of dif-
ferent structures such as the skin, the oblique, transverse, and rectus muscles as well 
as their fascias and the parietal peritoneum.

The blood supply of the superficial layers of the abdominal wall is done through 
the arteries that originate from the femoral artery. The other three arteries that supply 
blood to the abdominal wall are two branches from the external iliac artery and one 
branch from the internal thoracic artery.

The sensory and motor innervation of the abdominal wall is done through several 
nerves such as the anterior and lateral cutaneous branches of the ventral rami of the 
7th to 12th intercostal nerves and the ventral rami of the first and second lumbar 
nerves. The musculature of the abdominal wall consists of four paired muscles and 
their respective aponeuroses.

The external oblique muscle makes up the superficial layer of the abdominal wall. 
This muscle takes its origin from the lower eight ribs posteriorly to interdigitate with 
both the serratus and latissimus muscles. The fascia of this muscle takes part in the 
creation of the anterior portion of the rectus abdominis sheath, while together with 
the medial termination of all the aponeuroses of the three muscles, form the linea 
alba. External and internal oblique muscles support the abdominal organs as well as 
take part in the flexion and rotation of the body.

The internal oblique muscle takes its origin from the thoracolumbar fascia, iliac 
crest, and the lateral two-thirds of the inguinal ligament and inserts on the 10th and 
12th ribs inferiorly. Studies show that incisional hernias in most cases are the result of 
disinsertion of these lateral muscles in the midline, thus resulting in retraction and 
subsequent atrophy.



Hernia Updates and Approaches

4

The transversus abdominis muscle takes its origin from the 7th to 12th costal 
cartilages, iliac crest, and the lateral third of the inguinal ligament.

The rectus abdominis muscle originates from two different points. Its lateral 
head originates from the crest of the pubis, between the pubic symphysis and the 
pubic tubercle, while its median head originates from the pubic symphysis, being 
crossed with the fibers of the muscle on the contralateral side. The rectus sheath is 
formed from the aponeuroses and fasciae of the external oblique, internal oblique, 
and transversus abdominis. The anterior sheath of the rectus muscle superior to the 
umbilicus is composed only of aponeuroses from the internal and external oblique 
muscles, while the aponeurosis of the transverse muscle does not take part in this. The 
anterior sheath consists of all three aponeurotic layers only below the umbilicus. Even 
the posterior sheath of the rectus muscle is described in relation to the umbilicus. 
Above the umbilicus, it is built from the aponeuroses of the internal oblique and the 
transversus abdominis muscles, while below the umbilicus the internal abdominal 
aponeurosis does not participate in the construction of the posterior rectus sheath.

4. Incisions in the abdominal wall

The midline incision is the most commonly used incision in abdominal surgery 
due to its ease of performance and minimal blood loss, as the linea alba is poorly 
vascularized. This incision provides excellent exposure to the abdominal organs and 
can be easily extended superiorly or inferiorly as needed. However, the paramedian 
incision may be used in special cases, either as a conventional paramedian incision 
near the linea alba or a lateral paramedian incision made on the anterior side of the 
rectus muscle sheath’s lateral edge. The rectus muscle fibers are displaced to avoid 
damage to the epigastric vessels, and a longitudinal incision is made above the arcu-
ate line to open the abdominal cavity. The paramedian incision has limitations and 
difficulties and takes longer to perform than the midline incision.

The transverse supraumbilical incision is often used in conventional interventions 
in the right upper quadrant, but it is associated with greater blood loss and takes 
longer to complete due to the need to cut the external and internal oblique muscles, 
the transverse muscle, and part of the rectus muscle. Pfannenstiel incision is a trans-
verse incision in the lower abdomen widely used in gynecology and some urological 
procedures, where the muscles can be cut either transversely parallel to the skin or 
along the linea alba.

Kocher’s incision is an oblique subcostal incision widely used in surgical interven-
tions of the biliary tract or bariatric surgery. It can be extended from both sides if 
necessary, and during this incision, the oblique, transverse, and rectus muscle fibers 
are cut, and many nerve fibers and segmental blood vessels are dissected.

McBurney’s incision is another mid-caudal incision used in the lower right quad-
rant during appendectomies. The muscle fibers of the three abdominal wall muscles 
are separated to avoid damage to them, as well as to the nerve fibers and blood vessels.

5. Etiology of incisional hernias

Incisional hernias are a common complication of surgical procedures and can 
result from inadequate closure of operative wounds or traumatic injury. Despite 
advancements in wound closure materials and surgical techniques, incisional hernias 
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continue to pose a challenge in open abdominal surgery and are also observed in 
laparoscopic surgery albeit at a lower frequency.

Etiological factors for incisional hernias can be grouped into patient-related fac-
tors, factors related to the disease treated with surgical intervention, and those related 
to the surgical technique used for incision closure.

Certain health disorders, particularly chronic ones, have a direct impact on the 
closure of operative wounds, thereby affecting the strength of the newly formed scar 
tissue, which is crucial for resisting high abdominal pressure. Chronic diseases such as 
diabetes mellitus, autoimmune disorders, and malignant diseases, as well as long-term 
use of corticosteroids, immunosuppressors, or cytostatics, can impair wound healing 
[34, 35]. Additionally, morbid obesity is a major risk factor for the development of 
incisional hernias [34, 36]. Advanced age, which weakens the abdominal wall muscles 
and can result in changes in connective tissue, is another significant risk factor for 
incisional hernia development.

Malnutrition, smoking, radiotherapy, and frequent surgical interventions in the 
abdomen are major factors that can hinder good wound healing and promote the 
development of incisional hernias [34, 37, 38]. Infection of the operative wound 
is one of the most critical factors that can cause dehiscence of the wound and 
increase the likelihood of incisional hernias [39]. Several preventive measures can 
help reduce the risk of infection, such as atraumatic surgical techniques, care-
ful handling of the gastrointestinal organs, good hemostasis, and removal of all 
necrotic tissue.

The second group of factors that can increase the risk of developing incisional her-
nias is that related to the disease treated through surgical intervention. This group of 
factors includes the site and size of the incision, the nature of the disease (malignant 
or benign), the duration of the intervention, the opening of any part of the digestive 
system, the amount of blood loss, and the presence of any complications during the 
surgery. Acute abdominal diseases and emergencies have a higher risk of causing 
incisional hernias.

Multiple studies have shown that certain surgical interventions, such as those 
for aortic aneurysms, liver pathologies, and colorectal cancer, are associated with a 
higher incidence of incisional hernias [40, 41]. The type of incision used during the 
surgical procedure is also a significant factor in the development of incisional hernias. 
Studies have demonstrated that incisions such as the lateral paramedian and trans-
verse incisions pose a lower risk for the development of incisional hernias, owing to 
the fact that well-vascularized structures heal faster. Therefore, during the opening 
of the abdominal cavity, maximum care must be taken not to injure the large arteries 
supplying abdominal muscles [36, 42].

The direction of the pulling force of the abdominal muscles is another factor that 
affects the appearance of incisional wounds, mainly transverse. This leads to the 
edges of vertical incisions moving away from each other during exercises and pulling 
forces, while transverse incisions come closer to each other. If the lips of the muscle 
fascia are not properly sewn together using strong sutures with the appropriate length 
in relation to the incision (at least four times longer than the wound), there is a high 
risk of incisional hernias [43, 44].

Surgical wounds require time to restore their tensile strength. It is estimated that 
at least 4 weeks are needed for the wound to return around 50% of its strength, while 
after 12 months, the wound returns 80% of its tensile strength [43]. Therefore, suture 
materials must be strong and durable for at least 6 weeks until the damaged tissues 
regain sufficient tensile strength [44, 45].
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6. Clinical presentation

The causes of incisional hernias vary and depend on factors such as the size, position-
ing, and contents of the hernial sac. Patients with incisional hernias are more prone to 
complications than those with primary hernias. Incisional hernias occur at the incision 
site and are clinically manifested by swelling due to the protrusion of abdominal organs 
through the abdominal wall defect. In the case of small hernias, patients may experience 
discomfort or moderate pain, although even small hernias can become incarcerated. 
In the case of large hernias, there is a risk of intestinal incarceration or, in severe cases, 
strangulation, which requires immediate surgical intervention.

Incarceration as a complication occurs in about 1.24 to 2.59% of patients with 
incisional hernia, while strangulation is the most serious complication and is recorded 
in about 2% of all patients with incarcerated incisional hernia [46].

Generally, early postoperative hernias are a consequence of wound infection or 
problems with suturing, while the causes of late postoperative hernias are not entirely 
known, although some are related to connective and fibrotic tissue disorders [42].

7. Diagnosis

Diagnosing incisional hernias is typically straightforward, as there is often a 
visible swelling above or near the site of the operative wound that can be reduced with 
manual pressure. The edges of the hernia can often be felt, allowing for determina-
tion of the size of the abdominal wall defect. Coughing or straining can also help 
to provoke the displacement of abdominal organs into the hernial sac and facilitate 
diagnosis.

In some cases, however, such as extreme obesity or complex cases, a CT scan of the 
abdomen may be necessary to confirm the diagnosis. This examination can also aid in 
planning the surgical intervention, identifying potential challenges for the surgeon 
during the repair of the defect and determining the appropriate incision size for 
correction.

Ultrasonography examinations can also provide important information about the 
size of the hernia, the contents of the hernial sac, and the condition of the abdominal 
wall muscles.

8. Treatment

Except in special cases when incisional hernias must be treated conservatively, 
such as in elderly patients or those with chronic diseases that may worsen their 
condition in the postoperative period or even threaten their life, surgical intervention 
is required to correct incisional hernias. This is especially true for large hernias, as 
correcting them eliminates the patient’s discomfort and avoids the risks of incarcera-
tion or strangulation, thus significantly improving their quality of life.

At the beginning of modern surgery, for a long time, the correction of incisional 
hernias was conventional, which involved closing the abdominal defect by approach-
ing and suturing the edges of the wound. Later, with a better understanding of the 
nature and mechanisms of the development of incisional hernias, other correction 
techniques began to be used, such as the Mayo technique, which involves overlap-
ping a part of the hernial sac on the incisional wound [47, 48]. Another successful 
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technique for correcting incisional hernias is the separative technique, also known as 
the Ramirez technique [49].

However, great progress has been made in the correction of incisional hernias after 
the introduction of prosthetic materials, specifically the use of meshes for correcting 
abdominal wall defects.

These materials not only make it possible to close abdominal wall defects without 
tension but they also strengthen the abdominal wall. Among the first meshes used 
to correct incisional hernias were those made of prolene, which Usher introduced in 
1963. The correction of hernias with simple meshes, while showing good results in 
terms of reducing recurrence rates, was often accompanied by complications result-
ing from contact with visceral organs and the development of intestinal adhesions 
and enterocutaneous fistulas. However, the introduction of dual meshes, which have 
one side covered with an absorbable layer that prevents the mesh from adhering to 
abdominal organs and another side made of a nonabsorbable layer that maintains 
proper abdominal wall strength after closing the defect, significantly reduced the 
incidence of these severe complications, such as adherent ileus and enterocutaneous 
fistulae.

The most commonly used meshes for incisional hernia correction are those 
made of prolene. There are two types of prolene meshes in use: lightweight with a 
weight < 50 g/m2, which are superior to heavy-weight ones (with a weight > 50 g/m2), 
in terms of reducing postoperative pain and enabling a faster return to daily activ-
ity. In recent years, coated or barrier meshes have become increasingly popular for 
incisional hernia correction. In these meshes, the surface that contacts the abdominal 
organs should prevent their adhesion to the mesh, while the other surface should 
integrate as best as possible with the abdominal wall. The first meshes with these 
characteristics to be put into use were those made of ePTFE [48].

Currently, there are many types of meshes available that have better antiadherence 
properties than ePTFE. Biological meshes have also been developed, which are made 
of collagen obtained from living tissues such as skin, submucosa of small intestines, 
and pericardium. These meshes can be left in their natural state or chemically rein-
forced. Unreinforced meshes were destroyed within 3 months and strengthened ones 
remained unchanged for over a year. They are useful in infected wounds and prevent 
intestinal adhesions to the mesh [50].

When it comes to using prosthetic materials to correct incisional hernias, there 
is no one-size-fits-all approach. It depends on various factors, such as the size and 
location of the hernia, the patient’s constitution and clinical condition, the surgeon’s 
experience, and the available types of meshes.

Laparoscopic correction of hernias, which involves inserting a dual mesh over the 
hernial defect and fixing it to the abdominal wall, has become increasingly popular 
since Le Blanc reported the first case in 1993. Studies indicate that the incidence 
of postoperative complications, such as pain, wound infection, and seromas, is 
significantly lower when using laparoscopic techniques for incisional hernia repair 
[40, 41, 49, 51].

9. Post operative complications

Postoperative complications following the correction of incisional hernias may 
include various issues, such as postoperative pain, wound bleeding, wound infection, 
seroma formation, dehiscence, and hernia recurrence.
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Regarding the incidence and intensity of pain in the postoperative period, several 
randomized studies have shown that patients with incisional hernias along the linea 
alba experience a lower intensity of pain compared to those with transverse incisional 
hernias [52]. Furthermore, numerous studies have shown a higher incidence of postop-
erative pain after hernia correction with prosthetic materials [53]. However, the precise 
factors that cause pain after incisional hernia correction are still not known [53].

Postoperative pain, especially if it is of greater intensity and lasts longer, can 
increase the level of morbidity and patients’ need for analgesics, including potent 
ones such as opioids [54].

Moreover, there is a difference in the intensity of pain between open hernia 
correction techniques and laparoscopic procedures. Several studies show that the 
intensity of postoperative pain is higher in patients who underwent hernia correction 
with laparoscopic procedures compared to those who underwent hernioplasty with 
an open method [55]. The reason for the greater intensity of the pain in laparoscopic 
procedures is thought to be due to the way the mesh is fixed. The fixation of the mesh 
with transfascial sutures, which penetrate the abdominal muscles, can capture nerve 
fibers and blood vessels, inducing muscle ischemia and intense pain [56].

However, there are also studies that do not show any difference in pain intensity 
between open and laparoscopic techniques in the correction of incisional hernias [57].

One of the most serious problems in the early postoperative period after correc-
tion of incisional hernias, especially in cases where prosthetic materials are used, is 
the infection of the operative wound. This complication is not only difficult to eradi-
cate because the mesh represents a foreign body, but it also makes it difficult for the 
wound to heal quickly, thereby significantly increasing the risk of hernia recurrence.

While pain is more frequent in patients with incisional hernias along the linea 
alba, numerous retrospective studies show that the risk of surgical wound infection 
after incisional hernia repair does not depend on its location.

The most serious complication after incisional hernia repair is hernia recurrence, 
and one of the main reasons for its appearance is considered to be infection of the 
operative wound. According to numerous studies, this complication shows a slightly 
higher incidence in midline hernias compared to hernias in other locations, while 
transverse hernias show a lower incidence compared to paramedian or medial ones.

The highest incidence of incisional hernias along the linea alba has several reasons, 
the most important of which seem to be the poor blood supply of this part of the 
abdominal wall, as well as the fact that the contraction of abdominal wall muscles 
during coughing, vomiting, or erecting retracts wound edges laterally and thereby 
facilitating wound dehiscence.

The type of incision with the lowest incidence for the development of hernias is 
transverse one, but this applies only if the defect is located in one quadrant of the 
abdominal wall. However, if these apertures extend beyond the midline, then this 
incidence does not differ from those along the linea alba.

While transverse incisions have the advantage of producing less scarring, they 
offer limited exposure to the abdominal cavity, which restricts their use in many 
surgeries. In addition, these incisions can damage the nerve fibers that innervate the 
abdominal muscles, leading to muscle weakness and numbness.

On the other hand, premedian incisions provide excellent exposure of the 
abdominal cavity similar to median incisions and can be expanded in both direc-
tions if necessary. During this type of incision, the rectus muscles can be displaced 
laterally, preserving not only the muscles but also the neurovascular structures of 
the abdomen. The low incidence of hernias in paramedian incisions is attributed to 
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well-vascularized wound beds, as well as to other features such as wound reinforce-
ment by the rectus muscle and the so-called shutter mechanism.

10. Factors affecting wound healing in incisional hernias

In the appearance of incisional hernias, many factors have an impact, some of 
which cannot be influenced by the surgeon, such as the age of the patients, obesity, the 
degree of urgency, the degree of contamination of the operative field, and the type of 
surgical intervention [58]. However, there are some factors on which the surgeon has 
a great impact, such as the type of incision, suture material, careful tissue handling, 
the type of meshes that will be used if it is necessary, and the surgical technique with 
which the intervention will be performed, i.e., conventional or laparoscopic.

Numerous studies have demonstrated that transverse and paramedian incisions, 
along with the Pfannenstiel incision, exhibit superiority in decreasing the likelihood 
of incisional hernias [59–61].

Furthermore, the speed and quality of wound healing play a critical role in miti-
gating the risk of incisional hernias. The more vascularized the tissues are, the faster 
the wound healing will be [62].

Conversely, the presence of bacteria and their toxins within the wound may trigger 
a pro-inflammatory cytokine response, hindering timely and effective healing [63].

Advancing age may also impede wound healing, given the observed delay in 
epithelialization, collagen synthesis, and angiogenesis in elderly individuals [64, 65].

Additionally, stress has recently emerged as a noteworthy factor in wound healing [66].
The latest estimates suggest that due to the hormonal action of estrogens, wound 

healing in women is slightly faster compared to men. This is because estrogens regu-
late a variety of genes associated with regeneration [67].

Diabetes has a great impact on wound healing through several complex mecha-
nisms such as hypoxia and venous stasis [68, 69]. Other factors that prevent wound 
healing in diabetics are defects in leukocyte chemotaxis, phagocytosis, and bacte-
ricidal destructive capacity [70]. Diabetic neuropathy, a severe problem in diabetic 
people, also affects the timely healing of wounds [71].

Obese individuals, due to accompanying conditions such as diabetes, hyperten-
sion, dyslipidemia, and respiratory problems, have a higher risk of wound infection, 
hematomas, seromas development, and pressure and venous ulcer formation, thereby 
negatively affecting wound healing [72, 73].

The prolonged use of certain medications, particularly glucocorticoids, can affect 
fibroblast proliferation and collagen synthesis, resulting in difficult wound healing [74].

Additionally, cytostatic drugs inhibit DNA, RNA, or protein synthesis, which 
leads to decreased fibroplasia and neovascularization of wounds [75].

Finally, malnutrition and inadequate daily protein intake can also impede wound 
healing since proteins play a crucial role in capillary formation, fibroblast prolifera-
tion, collagen synthesis, and wound remodeling [76].

11. Discussion

Currently, incisional hernias not only represent a health problem but also an 
economic one. Their treatment remains a real challenge for surgeons, requiring good 
knowledge of the surgical techniques used for their correction, as well as sufficient 
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experience and skills. According to many studies, the incidence of incisional hernias 
after abdominal surgical interventions ranges from 2 to 20%. This great difference 
in incidences is not only due to the experience that surgeons have in the treatment of 
these complications but also to many other factors, such as the different techniques 
used to correct them, the materials used to close the defect, the patient’s condition, 
and the incidence of nosocomial infections.

The etiological factors that affect the appearance of incisional hernias are dif-
ferent. Among those that have to do with surgical intervention, the most important 
is the type of incision, the infection of the operative wound, the technique used to 
repair the defect, and the type of sutures used for hernia correction, as well as the use 
or non-use of prosthetic materials for closing the operative wound.

Regarding incision and localization, the experience referred to by many researchers 
shows an advantage of transversal incisions compared to median ones in terms of the 
risk of developing incisional hernias. However, this remains correct only as long as they 
are located only in one quadrant of the abdominal wall and do not cross the linea alba. 
The incidence of hernias after transverse incisions is about 5% if they are unilateral and 
up to 10% if they cross the linea alba. Other incisions that show a low degree of risk for 
the appearance of incisional hernias are the paramedian one and that of Pfannenstiel.

Pfannenstiel transversal incisions, which are mainly used by gynecologists and 
obstetricians, also show a low incidence of hernia development. However, the nega-
tive side of all these incisions is that they do not allow for a good exposure of the 
abdominal cavity. The medial incision enables better exposure of the abdominal 
cavity in general and is particularly preferred in emergency abdominal interventions 
where quick exploration of the abdominal cavity is necessary for the treatment of the 
patient and a fast and safe diagnosis of abdominal organ damage should be made.

In addition to localization, the size of the operative wound also has a significant 
impact on the occurrence of incisional hernias. Large wounds are more prone to the 
development of this complication, as shown in almost every study on incisional hernias.

The incidence of incisional hernias is affected by suture materials and the technique 
used to close the operative wound, which is confirmed by many meta-analytical studies 
and researchers. Nonabsorbable materials such as prolene and continuous suturing have 
advantages in minimizing the incidence of incisional hernias compared to other materi-
als and techniques used for closing wounds after laparotomy. Of the absorbable sutures, 
only polydioxanone (PDS) gives similar results to prolene regarding the risk of incisional 
hernias, although there are no convincing studies for this yet. The ratio between the 
length of the wound and the length of the suture used to close it also seems to be impor-
tant in the risk of developing incisional hernias, which is related to the distance between 
the two stitches and should preferably be approximately 5 mm.

In recent decades, laparoscopic surgery is increasingly used for the treatment of 
incisional hernias, especially after the manufacturing of the so-called dual meshes, 
which have one side made of materials that do not adhere to the organs of the 
abdominal cavity. The incidence of recurrence of hernias treated with laparoscopic 
techniques is low, estimated to be somewhere between 0.2–2%, which is also due to 
the small wounds created during these interventions.

The incidence of recurrence after the correction of incisional hernias with pros-
thetic materials is also significantly lower compared to the classical closure by sutur-
ing the wound using any of the referred conventional techniques.

Regarding the positioning of the mesh during the correction of incisional hernias, 
specifically the onlay, inlay, and intraperitoneal technique, most studies show an 
advantage of the intraperitoneal technique over the other two, not only in terms of 
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the rate of recurrence but also in terms of other complications such as the incidence of 
seromas, surgical wound infections, and postoperative pain.

Studies show that there is no difference in the recurrence rate of incisional hernias 
between laparoscopic and conventional techniques, as long as prosthetic materials 
are used for their correction. On the other hand, the laparoscopic technique has 
clear advantages in minimizing some postoperative complications, such as wound 
infections, seromas, recurrence, morbidity, hospitalization, and postoperative pain, 
according to various studies.

However, there are some disadvantages to laparoscopic techniques for treating inci-
sional hernias, including the longer operative time required for correction and a slightly 
greater risk of intestinal damage that can be complicated by peritonitis, which can be 
life-threatening. Despite these potential risks, laparoscopic techniques remain effective 
and safe for treating not only incisional hernias but also other types of hernias.

The type of sutures used to close the defect or fix the mesh in the abdominal wall 
also has a significant impact on the incidence of postoperative complications after 
mesh hernia correction. The critical period for fixing the mesh to the abdominal wall 
is around 1 year, which is why the sutures used to fix the mesh should not be absorbed 
before this time. As a result, most authors prefer to use nonabsorbable sutures or a com-
bination of absorbable and nonabsorbable sutures to ensure sufficient tensile strength 
during this critical period until the mesh is well integrated into the host’s tissues.

In recent years, biological meshes have also been used in the treatment of inci-
sional hernias. Studies on the results of the correction of incisional hernias with these 
meshes are different and sometimes controversial. Some authors argue that biological 
meshes are superior to synthetic meshes in terms of recurrence rate and other com-
plications, while others suggest a higher incidence of complications in cases corrected 
with biological meshes.

12. Conclusion

In conclusion, the treatment of incisional hernias requires careful consideration 
of various factors, such as the choice of suture material and technique for closing the 
operative wound, as well as the type and positioning of the mesh used for correction. 
Laparoscopic techniques have advantages in terms of minimizing certain postopera-
tive complications but also carry some risks, such as longer intraoperative time and the 
potential for intestinal damage. Prosthetic materials for mesh hernia correction generally 
have a lower recurrence rate compared to traditional suturing techniques, and the type of 
suture used to fix the mesh also plays an important role in the prevention of postopera-
tive complications. Furthermore, the use of biological meshes in incisional hernia correc-
tion remains controversial, with some studies reporting superior results compared to 
synthetic meshes, while others indicate a higher incidence of complications. Ultimately, 
the selection of the most appropriate technique and materials for the treatment of 
incisional hernias should be tailored to the individual patient’s needs and preferences and 
based on a thorough evaluation of available evidence and clinical experience.
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Abstract

Abdominal wall hernias represent a clinical spectrum ranging from a small defect 
in the abdominal wall causing minimal interruption to patients up to massive defects 
with severe impairment in abdominal wall function and physiology. Principles of 
successful hernia repair rely on re-approximation of fascial defect edges to achieve 
primary closure in a tension free manner and subsequent reenforcement of the repair 
with a mesh. In the case of large defects, especially in the incisional hernia scenario, 
advanced fascial release techniques with separation of components is often required 
to recreate normal anatomy. Relevant techniques are anterior component separation 
with or without sparing of periumbilical vascular perforators and posterior compo-
nent separation with transverse abdominis release, representing an expansion of the 
retrorectus Rives-Stoppa repair. With regards to surgical planning, preoperative imag-
ing, standardization of techniques according to patient and hernia defect characteris-
tics as well as prehabilitation of the abdominal wall with botulinum toxin (“chemical 
component separation”) represent significant weapons in the armamentarium of 
the complex abdominal wall reconstruction surgeon. The scope of this chapter is to 
attempt to unify pathophysiologic concepts of hernias with anatomic-based advanced 
repairs.

Keywords: hernia, abdominal wall reconstruction, incisional hernia, retrorectus repair, 
rives-Stoppa repair, posterior component separation, anterior component separation, 
mesh

1. Introduction

The definition of complex abdominal wall hernia comprises a hernia in the 
abdominal wall that requires advanced techniques for its repair. The vast majority of 
complex hernias develop in the area of a postoperative scar and are thus a subgroup of 
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incisional hernias, according to the most recent European Hernia Society Classification 
of Hernias [1]. Complex hernias, although not defined per se, represent a constella-
tion of unfavorable factors preventing simple repair of the defect, both patient- and 
disease-related. A recent consensus used as criteria for complex hernias size and 
location, contamination and soft tissue condition, patient history and risk factors as 
well as clinical scenario [2]. Surgical treatment of this subgroup of patients requires 
a detailed understanding not only of the techniques involved in advanced abdominal 
wall reconstruction, but also of the underlying pathophysiologic processes in this 
disease entity, in order for surgery to have a role of restoring normal anatomy as means 
to restore normal function [3].

2. General principles of component separation techniques

2.1 Pathophysiology of hernias

Abdominal wall hernias occur with loss of architecture in the load-bearing 
areas of muscle, fascial and tendinous tissues. Focusing on our task to enlighten the 
pathophysiological processes in the complex abdominal wall hernia setting, it seems 
prudent to attempt to establish a correlation between the macroscopic and the micro-
scopic level of abdominal wall healing in the postoperative setting, as the majority of 
complex hernias are incisional in nature. Abnormal collagen metabolism with either 
a genetic basis, namely genetically acquired collagen disorders, or acquired, second-
ary to nutrition or smoking, seems to be one critical precipitating factor, leading to 
both primary and incisional hernias [4]. More importantly, however, and of probably 
greater interest for the cause of the present review, is fascial pathology secondary to 
acute laparotomy wound failure. Early laparotomy wound failure, as demonstrated 
in an animal model, seems to be a key event driving the subsequent development of 
incisional hernias [5]. Using radiopaque metal clips, the authors in the aforemen-
tioned paper followed laparotomy wound failure sequentially in time and showed that 
early laparotomy wound failure resulted in the formation of an incisional hernia, with 
authors assuming in their critical discussion part of the paper that early laparotomy 
wound failure resulted in distortion of normal wound healing architecture, thus cre-
ating a selecting process for abnormal population of wound repair fibroblasts depos-
ing abnormal collagen [6–8]. It is this loss of normal healing architecture that creates 
an alteration in load forces that produces effects at the wound fibroblast and extra-
cellular matrix level through mechanisms of mechanotransmission, in accordance 
with previous studies to play a significant role in tissue remodeling and repair. Apart 
from genetic factors in wound healing key mediators, wound ischemia of any cause 
also impairs normal processes [9]. Early wound laparotomy failure, unfortunately, 
is a clinical senescent process initially, and its incidence is, therefore, significantly 
underestimated before manifesting as a clinically evident incisional hernia at a later 
time [10]. Although useful for the purposes of academic research, dichotomising the 
pathophysiologic processes into mechanical and molecular in nature, these should be 
viewed as interweaving and overlapping.

Previous studies have shown that loss of insertion of the lateral abdominal wall 
musculature into the linea alba, as is the case in an incisional hernia, causes distinct 
changes in abdominal wall physiology [11, 12], because the normal force across the 
composite myofascial structure ceases to exist, thus decreasing the loads transferred 
onto lateral muscles. Lateral abdominal wall muscles present with shortening and 
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oblique muscles develop exempt a histopathologic pattern similar to disuse atrophy 
that chronically unloaded skeletal muscles develop. Stiffening of oblique muscles 
decreases abdominal wall compliance and increases the mechanical loads exerted on 
the midline, which per se could be a deleterious event for the “healing” midline in 
the early postoperative period, in which wound tensile strength grossly depends on 
sutures to withstand opposing mechanical forces, while allowing sufficient time for 
the normal healing processes to take place [13]. This process creates a perpetuating 
cycle of lateral muscle retraction away from the midline, thereby further enlarging 
the hernia defect [14]. These pathophysiologic processes seem to be reversed with 
hernia repair, though not up to the full tensile strength of the uninjured abdominal 
wall [15]. Interestingly, function of rectus abdomini muscle complex is preserved in 
the incisional hernia setting, implying that it is the reconstitution of the abdominal 
wall muscle complex as functional unit that should be the goal of abdominal wall 
reconstruction surgery [16]. Mesh repair of incisional hernias has been established 
as superior to suture only repair of incisional hernias even for small-sized hernia 
defects [17]. Augmentation of primary fascial closure with mesh seems to yield better 
results in terms of hernia recurrence rates and postoperative complications compared 
to bridging the fascial defect with mesh [18]. In an attempt to unify “reconstitution 
of anatomy” with restoration of physiology, it seems prudent to assume that the 
most effective strategy for repair of complex hernia defects would be achievement 
of primary fascial closure with sutures and reenforcement of a tension-free repair 
with mesh. Contrary to this rationale is a study including both a prospective cohort 
of patients in addition to a retrospective one, both undergoing laparoscopic repair in 
the primary hernia- and incisional hernia- setting [19]. In this study, closure of the 
defect did not result in fewer hernia recurrences, but rather increased postoperative 
complications.

2.2 Relevant surgical anatomy and techniques

In accordance with the pathophysiologically-oriented discussion in the previous 
section, that fascial approximation should be pursued for in incisional hernia repair. 
Complex hernias present in that sense unique challenges because they require advanced 
techniques and elaborate preoperative planning in order to mobilize fasciae in the cor-
rect planes and achieve the goal of tension-free midline reconstitution while minimiz-
ing morbidity. The idea to mobilize the fascial layers of rectus abdominis sheath, thus 
gaining increased fascial length to overlap a wide defect gave birth to anterior compo-
nent separation techniques and to the Rives-Stoppa initially and posterior component 
separation with transverse abdominis release.

Anterior component separation [20] entails extensive separation of lipocutaneous 
flap over the rectus abdominis complex with lateral extension past linea semilunaris 
over the lateral abdominal wall muscles. A longitudinal incision of the external 
oblique aponeurosis along with some of its muscle fibers is performed 1–2 cm laterally 
to the linea semilunairis, extending from the coastal margins cranially to the ipsilat-
eral inguinal ligament caudally. A potential plane is thus created between the external 
oblique muscle and the internal oblique muscle, which enables midline fascial 
approximation by 5 centimeters (cm) on each side at the level of the epigastrium, 
10 cm around the umbilical area and 3 cm suprapubically. Midline tension-recon-
stitution is reinforced with mesh to achieve a wide overlap over the original hernia 
defect fascial edges [21]. Major morbidity of the anterior component separation 
technique [22] arises mainly from the disruption of the periumbilical perforators and 
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the extensive mobilization of lipocutaneous flaps, thus dysruptic normal perfusion of 
suprafascial tissues and giving rise to hematomas and seromas. In an attempt to avoid 
creation of large lipocutaneous flaps, a perforator-sparing approach [23, 24] has been 
described, a tunnel is created longitudinally over the subsequent external oblique 
aponeurosis fasciotomy, while staying 4 cm laterally to the midline, which is the area 
corresponding to the vascular distribution of periumbilical perforators. Preservation 
of blood supply has been repeatedly shown to decrease perioperative complications 
[25]. Perforator-sparing anterior component separation techniques are increasingly 
performed using laparo-endoscopic techniques, resulting in decreased perioperative 
morbidity with equivalent rates of hernia recurrence compared to original component 
separation techniques [26, 27].

Focusing on the posterior lamella of the rectus sheath gave rise to innovative 
ideas in complex hernia repair initially with the Rives-Stoppa technique and its 
subsequent extension, namely the posterior component separation technique with 
tranverse abdominis release. Rationale for the Rives-Stoppa technique was to create 
a potential space in the retrorectus plane for mesh placement in a well vascularised 
position, protected from the underlying viscera, while intrabdominal pressures exert 
forces that aid in the process of mesh integration into the relevant anatomic planes 
[28]. An incision is made in the posterior sheath 0.5 cm laterally to the linea alba and 
the retrorectus plane is developed towards the linea semilunaris, while preserving 
the inferior epigastric vessels that run over the posterior sheath as well as the inser-
tion of intercostal nerves as they enter into the rectus sheath approximately 1 cm 
medial to the linea semilunaris. The retrorectus plane is subsequently developed on 
the contralateral side finishing on the natural lateral extension of the Rives-Stoppa 
technique, that is the linea semilunaris. Dissection on each side extends until 5–8 cm 
past the superior and inferior edge of the hernia defect on each side to achieve 
wide overlap of it. The two respective dissection planes are joined by entering the 
suprapubic space of Retzius caudally and by releasing the posterior rectus sheath 
from its insertion in the xiphoid process. With regards to the pelvic dissection, due 
to the fact that below the arcuate line, the posterior rectus sheath is comprised only 
of peritoneum and transversalis fascia the dissection plane in essence extends into 
the preperitoneal space laterally all the way towards the pubic bone, Cooper liga-
ment on each side as well as the medial edge of psoas muscle. The same applies for 
the subxiphoid dissection, where the original retrorectus plane continues essentially 
into the preperitoneal plane. With the aforementioned strategy, a new visceral sac is 
recreated achieving tension free reconstitution of the midline with primary repair 
and allowing placement of a mesh with wide overlap of the hernia defect. Intrinsic 
in the nature of Rives-Stoppa repair is the limit set by the linea semilunaris as the far 
most lateral border of dissection, resulting in maximum coverage of defects up to 
10 cm wide [28–30]. Posterior component separation [31] technique aims to overcome 
the lateral limit of Rives-Stoppa dissection plane, thus enabling repair of hernias with 
widths greater than 10 cm or hernias in sites other than midline, such as flank hernias, 
lumbar hernias or complex hernias encompassing more than one areas and/or being 
huge in size. Advancing in lateral direction from the retrorectus plane past linea 
semilunaris can be accomplished by either switching towards the preperitoneal plane 
of dissection or by incising the muscle fibers of the transverse abdominis muscle, 
popularized as transversus abdominis release (TAR). It is important to notice at this 
point that transversus abdominis muscle fibers do not contribute to linea semilunaris, 
but rather reside medial to it and behind the rectus abdominis muscle in the upper 1/3 
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of the abdominal wall. Entering the TAR dissection plane is initiated approximately 
0.5 cm medially to the linea semilunaris, where the muscle fibers are divided, thus 
opening an avascular plane behind the transverse abdominis muscle, that can be 
bluntly extended up to the costal margins, diaphragm, retropubic space, inguinal 
orifices and psoas muscles bilaterally. A new visceral sac is subsequently developed 
and a synthetic mesh is usually positioned in the sublay position. A key technical 
point is that the point of initiation of the TAR dissection is just medial to insertion of 
the neural bundles in the rectus sheath and therefore by traversing “one level’ below 
them as the plane is developed naturally, intercostal nerves are essentially protected, 
thus preventing denervation and subsequent atrophy of the rectus abdominus muscle 
complex. Of notice, intercostal nerves course below internal oblique and above 
transverse abdominis muscles and enter the rectus sheath medially to the linea semi-
lunaris as noted above. As is the cause with Rives-Stoppa repair, retrorectus planes 
bilaterally are unified. In the subxiphoid area, if needed, the insertion of the posterior 
sheath into the xiphoid process can be divided, thus exposing the subxiphoid fatty 
triangle, and in extreme cases or in the case of subxiphoid hernias the dissection can 
be extended preperitoneally all the way to the tendinous portion of the diaphragm. 
Due to variable anatomic relation and overlap between the rectus abdominis sheath 
and transverse abdominis muscle at different anatomic levels [32], it is best to initiate 
TAR dissection plane above the umbilicus, in order to maintain the development of 
the correct plane. Of notice, advancing from the retrorectus plane towards division 
the transversus abdominus muscle fibers, by definition, involves, at an intermediate 
stage, division of the posterior lamella of the internal oblique, which has been shown 
to contribute crucially towards the subsequent medial advancement of the rectus 
myofascial complex [33]. Posterior component separation technique with transversus 
abdominis release and insertion of wide synthetic mesh in the sublay position has 
been established as an effective means of treating even wide hernia defects with 
minimal complications and excellent results in terms of hernia recurrence rates [34]. 
From the physiological standpoint, posterior component separation with TAR induces 
rectus abdominis muscle hypertrophy and is, furthermore, associated with hypertro-
phy of the lateral abdominal wall musculature, thus leading to restoration of function 
of the abdominal wall, in contrast to bridging the hernia defect with a synthetic mesh, 
which has no effects on abdominal wall muscles [35]. Posterior component separation 
has been shown to achieve significant medialization of the anterior and posterior 
lamella of the rectus sheath, thus enabling primary fascial closure in defects up to 20 
cm wide [36].

Comparing anterior and posterior component separation techniques, both yield 
equivalent and excellent results regarding hernia recurrence, while the latter is associ-
ated with fewer wound complications. It is of notice, that both component separation 
techniques with primary fascial closure and use of mesh have better safety profiles in 
terms of surgical site occurrences when compared with bridged repair (spanning the 
hernia defect with a mesh) [37].

2.3 Outcomes

When comparing medial advancement achieved with Rives-Stoppa, anterior 
 component separation and posterior component separation, it is noted that the 
anterior lamella of the rectus sheath is advanced by 1.2, 2.6 and 1.9 cm on each side 
for each respective technique, while the posterior lamella advancement reached 2.2, 
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3.0 and 5.2 cm respectively, favoring on the whole posterior component separation 
technique with regards to the ability to reconstitute large defects [38]. Both myofas-
cial release techniques yield equivalent results in terms of hernia recurrence rates, 
while anterior component separation techniques comparatively have more surgical 
site occurrences with no long term sequelae of those, however [39]. An exhaustive 
review comparing anterior and posterior component separation is outside the scope 
of the current chapter, while clear-cut comparisons between posterior component 
separation with TAR, anterior component separation and/or perforator-sparing 
anterior component separation are lacking in the existing literature [36]. What 
is more clear, however, at the current time, is that abdominal wall reconstruction 
is associated with improvement in physiology and function of truncal muscles, 
yielding improved quality of life for patients [26, 40, 41]. A combination of ante-
rior and posterior component separation techniques for extreme cases has been 
reported, although it is a strategy associated with increased morbidity mainly due 
to respiratory complications and issues of truncal stability due to the associated 
sacrifice of key core muscle stabilizers [42, 43], and is therefore a strategy that 
should be viewed with caution. From the anatomic standpoint, anterior component 
separation causes significant lateral displacement of the external oblique muscle, 
while transversus abdominis muscle is shifts very little after posterior component 
separation [44]. Anatomy and physiology of abdominal wall muscles are preserved 
by the muscles’ overlapping function and their ability to undergo compensatory 
trophism after reconstitution of midline, which results in reloading of the afore-
mentioned muscles due to redistribution of mechanical loads. Anterior component 
separation creates, therefore, an autologous flap that moves across the abdomen to 
cover a hernia defect on the contralateral side. Different to that, is the presumed 
mechanism of action of posterior component separation. TAR essentially unloads 
tensions off neo-midline creation by means of disruption of a continuous hoop 
tension system spanning over the entire thoracoabdominal fascia. It is exactly this 
differential mechanism of action of the two myofascial release techniques, as well as 
the preservation of overlap of abdominal wall muscles that allows for rationalization 
and careful presurgical planning with potential combination of the two operative 
strategies [44].

2.4 Preoperative planning - Abdominal wall prehabilitation

Careful preoperative planning is required for successful treatment of complex 
hernias. Complex hernias can be large in size and a large proportion of abdominal 
viscera can be contained in the hernia sac relative to the viscera remained in the 
native abdominal cavity, thus predicting traumatic reduction of hernia contents and 
increased postoperative complications such as abdominal compartment syndrome 
[45]. This disease entity is often termed “loss of domain hernia”, although established 
diagnostic criteria are currently lacking [46]. What appears to closely describe loss 
of domain hernias, is the ratio of hernia sac volume/total abdominal contents, or 
the ratio of hernia sac volume/native abdominal cavity volume [47, 48]. Using these 
defect quantification strategies, preoperative use of cross-sectional imaging usually 
with computed tomography (CT) can be employed to study relevant anatomy in 
complex hernias and predict the need for utilization of advanced myofascial release 
techniques [49]. Advanced imaging interpretation algorithms aiding in detailed com-
plex hernia characterization and preoperative planning [50] can be employed, thus 
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underlying the need for standardized terminology in complex hernias and multidisci-
plinary planning and treatment [51].

A new strategy for abdominal wall prehabilitation is use of botulinum toxin in the 
preoperative setting to achieve chemical paralysis of lateral abdominal wall muscu-
lature, often termed as “chemical component separation” [52]. Botulinum toxin can 
be injected in a standardized manner at points of insertion of lateral abdominal wall 
muscles into the rectus sheath, thus causing an elongation of the aforementioned 
muscles [53] which not only unloads tension off the future reconstituted midline at 
the early postoperative period. Relieving tension off the future neo-midline post-
operatively by negating lateral abdominal muscle pulling forces, essentially, allows 
for wound healing and remodeling for a predicted time frame (corresponding to the 
duration of action of botulinum toxin), which is in line with the principles of success-
ful abdominal wall reconstruction. Chemical component separation has been con-
sistently shown to augment gain of length of medialisation of the lateral myofascial 
complexes, thus enabling primary fascial approximation even for large hernia defects, 
especially when combined with the aforementioned myofascial release techniques 
[54, 55]. Additionally, a hernia defect initially presumed to require complex repair 
techniques for achievement of primary fascial closure, may after chemical compo-
nents separation be downgraded to a more simple repair [56]. Progressive preopera-
tive pneumoperitoneum to augment hernia sac volume and native abdominal cavity 
volume can be added to chemical component separation, thus further enhancing 
the ability to tackle complex hernias [57]. Of notice, chemical component separa-
tion, which induces temporary paralysis of abdominal wall muscles only, can have a 
differential effect on hernia sac versus the native abdominal cavity, thus creating a 
selective effect of progressive preoperative pneumoperitoneum on abdominal wall 
prehabilitation, essentially, canceling its otherwise non-selective nature of action on 
both the hernia sac volume and native abdominal cavity volume, which theoretically 
leaves the aforementioned ratio of them unaltered [58].

3. Conclusions

Complex hernias comprise a disease entity, which requires a firm grasp of the 
related anatomy and pathophysiology before embarking on reconstitutional surgery. 
The goal of surgery should be reconstruction of anatomy to achieve reconstruction of 
function of the abdominal wall, translating into better outcomes for patients both in 
terms of quality of life as well as immediate postoperative complications and hernia 
recurrence rates. We have tried to create a unifying pathophysiologically- oriented 
approach to this complex problem and we have purposefully attempted to position 
new techniques, such as preoperative planning, chemical component separation with 
or without preoperative progressive pneumoperitoneum, into this frame. In order not 
to deviate from this strategy, we have not discussed topics such as component separa-
tion in the setting of contaminated fields or in the setting of open abdomen, both 
being a dynamic field of application of these strategies.

Complex hernias should be planned and dealt with in multidisciplinary and 
individualized fashion. Further studies with more strict diagnostic and patient selec-
tion criteria shall, in our opinion, be of great clinical benefit, along with generation of 
good quality data comparing the different reconstruction techniques. Standardization 
of procedures and creation of robust therapeutic algorithms for an ever-changing 
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Chapter 3

Clinical Features, Diagnosis, 
Prevention, and Management of 
Incisional Hernias
Suat Benek, İlhan Bali, Seyfi Emir and Selim Sözen

Abstract

The incidence of incisional hernia after intra-abdominal surgery is approximately 
10–15%. Midline incisions are riskier than other incisions. Smoking, surgical site 
infections, conditions that impair wound healing, and incorrect surgical technique 
are among the risk factors, especially obesity. It typically presents as swelling on or 
near the incision. Computed tomography or ultrasonography can be performed for 
incisional hernias that cannot be detected by physical examination. Preoperative CT 
scan is important for the surgical strategy, especially for ventral hernias larger than 
10 cm and with loss of space. The surgical strategy may vary depending on the size of 
the hernia. Tension-free repair is accepted as the standard approach by many authors, 
and suture repair alone is rarely used. The technique of separating into anterior or 
posterior components can be used in hernias larger than 10 cm with loss of space. 
Reconstruction using prosthesis material placed preperitoneally (underlay or sublay) 
is the most commonly used method today.

Keywords: incisional hernia, rives–Stoppa repair, classification, laparoscopic repair, 
component seperation technique

1. Introduction

An incisional hernia is defined as a swelling or abdominal wall cavity in the postop-
erative incision area that can be detected by physical examination or radiological imaging 
[1]. Incisional hernia occurs in approximately 10 to 15 percent of patients with a previous 
abdominal incision [2]. It may develop after midline, mc burney, paramedian, or other 
abdominal incisions [3, 4]. Its incidence varies according to the incision that has been 
made. In general, the risk of hernia formation in midline incisions is higher than the 
other incision types [5–7]. In addition, the risk of incisional hernia formation is higher in 
upper abdominal incisions compared to lower abdominal incisions [8–11]. Both patient-
related and technical factors play a role in the development of incisional hernias.

1.1 Patient related factors

Age, obesity, smoking, connective tissue diseases, use of immunosuppressive 
drugs, malnutrition, diabetes, vascular, and other comorbid diseases are factors that 
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increase the risk of having an incisional hernia. Numerous studies have shown that 
obesity, in particular, increases the risk of having an incisional hernia, and the rate of 
postoperative complications and recurrence [12–18].

1.2 Technical factors

Wound infection, excessive wound tension, and not following the abdominal 
closure principles predispose to the formation of incisional hernia [19]. The incidence 
of incisional hernia increases in open bariatric surgery and interventions for repairing 
abdominal aortic aneurysm.

Abdominal closure should be done effectively, neither tension nor ischemia. In 
order to achieve this, it is necessary to comply with the appropriate suture material 
and stitch size. The suture should be the smallest, it can be to be strong enough to 
hold the wound intact [20]. Suture diameter and its type (monofilament, multi-
filament, or synthetic) is an effective factor on the amount of foreign matter and 
bacterial accumulation in the wound. It has been proved that nonabsorbable sutures 
reduce the risk of wound separation and developing a hernia compared to absorbable 
sutures. Synthetic nonabsorbable monofilament sutures (polypropylene, etc.) are 
more resistant to infections than multifilament sutures and natural fibers. Therefore, 
suture composition and structure affect the rate of bacterial absorption and pro-
liferation [20]. Some studies have reported that sutures coated with antimicrobial 
compounds can reduce surgical site infection rates [21–29]. However, in other studies, 
whether the suture was covered or uncoated with antimicrobial compounds did not 
differ in terms of surgical site infection [25].

The method of closing the abdominal wall is another factor that affects developing 
an incisional hernia. While stratified closure is defined as the closure of individual 
components of the abdominal wall (peritoneum, muscular and aponeurotic struc-
tures, subcutaneous adipose tissue), mass closure is the closure of other abdominal 
wall layers as a single structure excluding the skin [30–32]. Studies have shown that 
mass closure is associated with a lower incidence of developing an incisional hernia 
[28, 29, 33]. Other than this, it has been shown that intermittent and uninterrupted 
closures have different effects on the tension of the wound and perfusion of the 
tissue. The amount of the suture used depends on the size of each suture (depends on 
the distance from fascial edge) and gap between sutures. For continuous closure, the 
total length of the suture should be about four times the incision length [31, 32]. In 
a randomized study, hernia recurrence was shown to be decreased if the ratio of 1/4 
was adhered to [34]. The suture should be placed approximately about 1 cm from the 
edge of the fascia. The 2015 guidelines of the European Hernia Society recommend 
reducing the suture width from 10 mm to about 5 to 8 mm [31–36]. In a randomized 
study, it was shown that longer suture width increases the risk of developing both 
incisional hernia and surgical site infection [32]. Studies have shown that the most 
appropriate method for abdominal wall closure is continuous mass closure using 
slowly absorbable sutures with a 4:1 ratio of suture length to wound length [37–39].

2. Classification

Incisional hernias can be classified as anatomically and clinically.
Anatomical classification is made according to the location of the hernia on 

the abdominal wall. The European Hernia Society (EHS) divides the abdomen into 
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medial and lateral zones for incisional hernias. The medial zone includes the region 
between the lateral edges of the rectus muscle. This region is divided into five 
subregions as subxiphoid, epigastric, umbilical, infraumbilical, and suprapubic. 
The lateral region is divided into four subregions as costal, lateral, iliac, and lumbar 
regions (Figure 1).

According to size, incisional hernias are classified into three categories: <1 cm, 1 to 
10 cm, and > 10 cm [40]. Hernias larger than 10 cm in width are defined as complex 
or giant ventral hernias. These require additional preparation [41].

Clinical classification – Depending on the clinical picture, incisional hernias can 
be asymptomatic, reductible, incarcerated, or strangulated.

An incarcerated hernia is a hernia that its contents cannot be reduced to the 
abdomen due to a narrow opening in the abdominal wall facial defect or adhesions 
between the contents and the hernia sac [42]. An incarcerated hernia containing an 
intestinal loop can cause intestinal obstruction [43]. In a population study of more 
than 23,000 patients followed without surgery, a cumulative rate of incarceration of 
incisional hernias was reported 1.24% in 1 year and 2.59% in 5 years [44].

Diagnosis – In most patients without obesity, incisional hernia can be diagnosed 
by physical examination. It is usually recognized by palpation of a bulge on or around 
the abdominal incision.

Diagnostic evaluation – About the patients we cannot rely on our physical exami-
nation, we need a computed tomography (CT) scan or ultrasound of the abdomen 
and/or pelvis to confirm the presence of the hernia and to identify the contents of the 
hernia sac. Contrast is not usually required for a CT scan. Ultrasound is less sensitive 
than CT.

CT imaging – Preoperative CT imaging is recommended for complex ventral 
hernias with large size and significant loss of space. Repair of such hernias usually 
requires advanced abdominal wall reconstructive techniques such as disassembly. The 
volume of the hernial sac and abdominopelvic cavity can be estimated on a CT scan 
by multiplying the length, width, and depth of each cavity by a factor to estimate the 
ellipsoid volume [41].

Figure 1. 
The European hernia society (EHS) classification for incisional abdominal wall hernias divides the abdomen into 
a medial zone and a lateral zone. The medial zone, defined as medial to the lateral margin of the rectus sheath, 
is subdivided into five subzones (subxiphoid, epigastric, umbilical, infraumbilical, and suprapubic). The lateral 
zone is subdivided into four subzones (subcostal, flank, iliac, and lumbar).
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The degree of domain loss has been calculated differently by various authors. 
When the ratio of hernia sac volume to residual abdominopelvic cavity volume is 
calculated and if it is 25% and above, preoperative abdominal expansion is required 
[45]. When the ratio of the hernia sac volume to the entire peritoneal volume is 
calculated and if it is higher than 20%, it predicts how hard the closure will be [46]. 
Hernia reduction may lead to serious complications such as persistent hypertension in 
the abdominopelvic cavity, abdominal compartment syndrome due to visceral edema 
and postoperative fluid resuscitation.

3. Management

3.1 Acute incarcerated or strangulated hernias

Acute incarcerated or strangulated incisional hernias require immediate surgi-
cal repair (Figure 2). The aim of emergency surgery is to resolve the acute problem 
(intestinal necrosis or obstruction) and to perform a safe and durable repair. The 
optimal technique of hernia repair depends on the patient’s anatomy, stability, 
comorbidities, and the degree of operative site contamination. Once the source of the 
contamination is controlled, surgical repair of the hernia can be done only with suture 
repair, mesh repair, or incremental repair (placement of absorbable mesh and leaving 
the hernia to be repaired electively). There is no consensus because the clinical situa-
tion is heterogeneous [47].

The best practice for a ventral hernia in a contaminated area is safe and, when-
ever possible, suture-only or incremental repair. Hernia repair with synthetic mesh 

Figure 2. 
Management of ventral hernias.
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has been proved to be safe and effective in the hands of powerful surgeons in these 
complex cases [48]. The role of biological and biosynthetic networks has not yet been 
defined.

Asymptomatic incisional hernias – Patients with asymptomatic or minimally 
symptomatic ventral hernias can be followed nonoperatively if they are hesitate to 
have a surgery [49, 50]. However, these patients should be informed that the lifetime 
risk of acute presentation can be high and for most patients, nonsurgical follow will 
fail after the first 2 years [49, 51, 52].

Symptomatic incisional hernias – Surgical repair is recommended for patients 
with symptomatic ventral hernias. However, in patients with comorbidities such as 
smoking, diabetes, obesity, and obstructive pulmonary diseases, surgery can be tem-
porarily delayed. Such restrictions are relative contraindications and can be relieved 
by preoperative optimization [53].

3.2 Surgical treatment of incisional hernias

Incisional ventral hernia < 1 cm – Usually occurs at laparoscopic trocar sites. 
Mesh repair is recommended for all ventral incisional hernias, including those less 
than 1 cm. Repairing such hernias with stitches will likely result with a recurrent 
hernia.

Ventral hernias from 1 to 10 cm – The most common incisional hernias in daily 
practice fall into this category. Mesh reinforcement is required for these hernias. 
The surgical approach and mesh selection depend on the clinical situation and the 
surgeon’s preference. Open or minimally invasive mesh repair can be performed 
for incisional hernias which are 1 to 4 cms. While open repair is preferred in frail 
patients, minimally invasive repair is preferred in patients who are at risk of develop-
ing obesity or other wound infections. Minimally invasive mesh repair is performed 
for ventral hernias which are 4 to 10 cm [54].

Large (>10 cm in width) or complex hernias – Large or complex incisional 
hernias are difficult to repair [55]. These hernias can be repaired using minimally 
invasive underlay, open inlay, or component separation techniques.

Underlay meshes are used on standard laparoscopic repairs. Although it has 
advantages such as less pain, healing fast, and having lower infection rate, swell-
ing continues at the defect site when intra-abdominal pressure increases. Repair of 
large defects with mesh has been shown not to reduce abdominal and back pain and 
respiratory problems when compared to component separation, which restores the 
dynamic muscle component to the abdominal wall.

In patients with large incisional hernias and patients with space gap, we recom-
mend using advanced techniques such as component separation to achieve primary 
fascial closure prior to mesh augmentation, rather than using inlay mesh to bridge a 
facial defect.

The decomposition, pioneered by Ramirez [56], is used to repair the large and 
complex midline abdominal wall defects and has the advantage of restoring abdomi-
nal wall function. Component separation involves dividing the anterior or posterior 
rectus sheaths and/or portions of the lateral oblique muscle to allow the rectus 
abdominis muscle to advance by about 10 cm from each side to allow a fascial closure 
under physiological tension [56–58].

The decision to separate its components is made based on physical examination 
and cross-sectional imaging. Depending on the width of the hernia and the surgeon’s 
experience and preference, any dissection technique can be chosen.
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Typically, hernias less than 7 cm do not require a component separation 
(Figure 3) and can usually be repaired with an open, laparoscopic, or robotic 
approach with intraperitoneal mesh, or with an open or robotic approach with 
retrorectus mesh, as described by Rives and Stoppa. Such hernias can also be 
repaired using open techniques with onlay mesh [58].

Hernias that are 7 to 10 cm typically do not require a component separation for 
the midline facial approach and can be repaired laparoscopically with a large piece 
of intraperitoneal mesh or with an open retromuscular approach. If necessary, an 
open or robotic TAR can be added to ensure closure of the posterior rectus sheath. 
A ratio of rectus width to hernia width > 2 reliably predicts that the fascia can be 
closed with a Rives–Stoppa repair alone, with no further myofascial loosening in 
nearly 90% of cases [59].

Hernias larger than 10 cm might require separation of the anterior or posterior 
component for both the rectus approach (midline closure) and posterior facial 

Figure 4. 
Mesh locations: (A) onlay, (B) sublay, (C) underlay, and (D) inlay. The blue line depicts mesh location.

Figure 3. 
Determining the need for component separation in ventral hernia repair.
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approach, depending on the compliance of the abdominal wall. This can be accom-
plished with open anterior component separation or open or robotic TAR.

Location of the mesh – Mesh can be placed over the fascia (onlay), between 
the rectus muscles and the peritoneum/posterior rectus sheath (sublay), under the 
peritoneum (underlay or intraperitonealonlay), or between the fascial margins 
(inlay) [60] (Figure 4). While onlay and sublay techniques use an open or robotic 
surgical approach, an underlay technique can be performed open, laparoscopically, or 
robotically. The mesh bridging inlay technique is used only when the facial defect is 
too large to be primarily closed with any other technique.

Randomized studies have proved that both recurrence and complication rates were 
higher with onlay andinlay meshes than with sublay and underlay meshes [61].

Mesh sizes – The mesh used for ventral hernia repair should cover >5 cm from 
each side for open repair of ventral incisional hernias and > 5 cm for all laparoscopic 
repairs. For laparoscopic repair, other guidelines suggest that the radius of the mesh 
should be four times the radius of the fascial defect being addressed [62].

4. Open anterior component separation technique

Posterior rectus sheath is cut 1 to 2 cm from lateral to the medial border of the 
rectus muscle, starting from the costal margin and continuing below the arcuate line 

Figure 5. 
Component seperation technique: A(Hernia sac), B(external oblig muscles be divided), C(Posterior rectus sheath 
is cut 1 to 2 cms from lateral to the medial border of the rectus muscle), D(After adequate myofascial relaxation is 
achieved, the fascia should be closed with a slowly absorbable monofilament suture), E(mesh location).
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where the posterior sheath becomes continuous with the peritoneum and transver-
salis fascia. Next, the external oblig muscles should be divided. It is made through 
an incision about 1 to 2 cm length from lateral of the linea semilunaris. The external 
oblig muscle is not always divided in its entire length; instead, the length of the cleav-
age can be adjusted according to the location of the facial defect in the midline.

Releasing the underlying internal oblig/transversus abdominis muscle apparatus 
from the divided external oblig muscle reveals an avascular plane. The midline facial 
approach should be attempted after each myofascial relaxation, not after the division 
of both the posterior rectus sheaths and the EO muscles. Further myofascial relax-
ation should be avoided after a tension-free midline approach that has been achieved. 
After adequate myofascial relaxation is achieved, the fascia should be closed with a 
slowly absorbable monofilament suture. After a sufficiently large mesh is fixed to the 
external oblig muscle edge, an absorbent drain is placed on the mesh and the skin is 
closed (Figure 5).

5.  Separation technique to open posterior components (rives: stoppa 
retrorectus dissection and transverse abdominis release (TAR))

The operation begins with a large midline laparotomy that includes the patient’s 
previous scar. During myofascial dissection, intra-abdominal adhesions are com-
pletely dissolved and the internal organs are released from the abdominal wall and 
a wide towel is laid on the intestine. After the towel is placed, the edges of the facial 
defect are determined and the length/width is measured.

Five Kocher clamps are then placed on the medial edge of a rectus. Using a toothed 
forceps, the posterior rectus sheath is retracted and cut just beside the rectus mar-
gin to expose the underlying muscle hub. The entire medial edge of the posterior 
rectus sheath should be separated and the medial edge of the rectus muscle should 
be exposed. The retrorectus area is developed using firm but gentle traction on the 
anterior and posterior rectus sheaths and cautery to control small epigastric perfora-
tors. The lateral extension of this space is marked by large neurovascular bundles 
and deep lower epigastric vessels, especially in the upper and lower directions of this 
dissection, before the vessels progress toward the rectus muscle hub. Typically, there 
is one large medial neurovascular perforator that can be sacrificed in the superior 
third of the retrorectus space, but the remainder should be preserved if possible. 
Neurovascular bundles define the lateral extension of the retrorectus space, and 
their preservation prevents accidental division of the lineasemilunaris, a devastating 
complication of this technique. At this point, if the posterior rectus sheath is suf-
ficiently medialized to the midline and the contralateral dissection allows isolation of 
the internal organs, then the Rives–Stoppa dissection alone is sufficient. If the release 
is not sufficient until this stage, transverse abdominis release is started. The posterior 
lamella of the internal oblique (IO) and transversus abdominis (TA) muscle departs 
just from medial to the neurovascular bundles marking the lineasemilunaris. After 
the transversusabdominis muscle is completely separated from the transversus fascia 
from cranial to caudal, the posterior rectus sheath is reapproximated and the mesh is 
placed on it and fixed. After the anterior rectus is approached in the sheath, a drain is 
placed and the skin is closed (Figure 6).

Anterior component separations should not be performed in conjunction with 
posterior component separation (e.g., TAR) as this might significantly destabilize the 
abdominal wall and cause permanent disability.
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Separation into both anterior and posterior components can also be done laparo-
scopically or robotically.

6. Presurgery assistants

Preoperative adjuvants (such as botulinum toxin injection or tissue expansion) 
were used to facilitate fascial and/or abdominal wall closure when the ratio of hernia 
volume to peritoneal volume was above 20–25%.

Botulinum toxin – Botulinum neurotoxin type A (BoNT-A) can be used preopera-
tively to relax the lateral abdominal wall muscles [63].

There is no consensus on which patients would benefit from BoNT-A injections 
prior to ventral hernia repair. However, many authors indicate that preoperative 
BoNT-A can be used in patients with a hernia volume to peritoneal volume ratio > 20 to 
25% [64]. This should be done at least 2 weeks before attempting ventral hernia repair.

Tissue expanders – Tissue expansion is done by placing a silicone balloon under 
subcutaneous tissue or fascia followed by an injection of saline to inflate the balloon 
to expand the local tissue in preparation for local reconstruction. It should begin at 
least 6–12 weeks before hernia repair. Complications such as device infections or flap 
necrosis may occur in 15% of patients [65, 66].

Figure 6. 
Transversus abdominis release (TAR): A(Retrorectus plane dissected), B(Transversus Abdominis muscle fibers 
divided), C(Plane of dissection), D(Sublay mesh placed).
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Abstract

Ventral hernia is one of the common anterior abdominal wall hernias after 
groin hernias. These hernias can be classified into primary hernias and secondary 
(incisional) hernias. Ventral hernia repair is a very common procedure performed 
in everyday surgical practice. Ventral/Incisional hernias are a frequent long-term 
complication of abdominal surgery. Roughly half of the incisional hernias develop 
within the first 2 years after abdominal surgery, and more than 70% manifest within 
3 years. The recurrence rate of these hernias after primary suture repair exceeds 50%. 
However, after the prosthetic materials (meshes) were introduced in the repair proce-
dure, this rate was reduced to 10–20%. The optimal approach with the best short- and 
long-term outcomes remains controversial. An increasing interest in laparoscopic 
surgery and its accessibility as well as the availability of innovative techniques have 
influenced the choice of repair. This chapter provides an overview of ventral hernias, 
their causes, risk factors, symptomatology, diagnosis, and different approaches to 
ventral hernia management, focusing mainly on laparoscopic surgery. Additionally, 
several controversies related to the technique will be discussed, such as mesh fixa-
tion, whether the hernia defect should be fixed or not, and mesh overlap. Pre- and 
 post-operative care will also be covered.

Keywords: hernia, ventral, incisional, abdominal wall hernia, laparoscopic techniques, 
mesh

1. Introduction

Ventral hernias are common conditions encountered by general surgeons, charac-
terized by abdominal contents protruding through a weakness in the anterior abdomi-
nal wall. If left untreated, they can lead to discomfort, pain, and life-threatening 
complications. This chapter provides an overview of ventral hernias, covering their 
causes, diagnosis, and surgical management, as well as the latest advances in surgical 
techniques for repairing them.

Ventral hernias can manifest into two main categories: primary hernias, which 
include epigastric, umbilical, paraumbilical, and Spigelian hernias, and secondary 
hernias resulting from prior surgical procedures (known as incisional hernias).

The European Registry for abdominal wall hernias (EuraHS) released a classifica-
tion system in 2012 [1] that categorizes ventral hernias based on their size:
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• Small-sized hernia: This category encompasses hernias with a defect size of less 
than 1 cm.

• Medium-sized hernia: Hernias falling into this group have defects ranging from 
1 cm to 4 cm in size.

• Large-sized hernia: This classification pertains to hernias with defects larger than 
4 cm in size.

2. Anatomy of the abdominal wall

A good understanding of the abdominal wall’s anatomy is crucial for effectively 
managing hernia repair.

Rectus abdominis muscles form the central core of the abdomen. They are flanked 
laterally by the Linea semilunaris and separated medially by the Linea alba. These 
muscles originate from the xyphoid and the costal margin at the upper end, and they 
connect to the pubic symphysis at the lower end.

The anterior and posterior rectus sheaths are created by the ongoing extension of 
the external and internal oblique muscles.

There are three abdominal muscles that make up the lateral bulk of the abdominal 
wall: the transversus abdominis, the internal oblique, and the external oblique.

Upon coming together at the lateral margin of the rectus abdominis muscle, they 
give rise to the linea semilunaris and rectus sheath.

Transversus abdominis muscle fibers are responsible for forming the posterior 
rectus sheath in the upper one-third of the abdomen, while in the lower two-thirds, 
these fibers terminate on the lateral side of the rectus muscle, and the posterior rectus 
sheath is exclusively constituted by the transversalis fascia (Figures 1 and 2).

The fibers of the internal oblique muscle possess an oblique orientation and 
culminate at the linea semilunaris. Within the upper part of the abdomen, the ante-
rior and posterior rectus sheath is formed by the anterior and posterior layers of the 
internal oblique muscle, while in the lower third of the abdomen below the arcuate 

Figure 1. 
Anatomy of the anterior Abdominal Wall. Axial view of the Abdominal Wall above the arcuate line.



49

Controversies in Laparoscopic Ventral Hernia Repair
DOI: http://dx.doi.org/10.5772/intechopen.1003103

line, the transversalis fascial layer the exclusive component of the posterior rectus 
sheath, as the posterior component of the internal oblique shifts anterior to the rectus 
abdominis muscle.

The external oblique muscle fibers are oriented at a right angle to the internal 
oblique fibers, and they assume a comparable anatomical arrangement in relation to 
the rectus sheath.

Based on the blood supply, the abdominal wall is divided into zones as follows.
Zone 1

• Located in the central upper abdomen.

• Blood supply from the descending superior epigastric artery, a derivative of the 
internal mammary artery in the upper direction, and the ascending inferior 
epigastric artery, arising from the external iliac artery in the lower direction, 
delivering blood to the periumbilical perforator vessels.

Zone 2

• Located below the arcuate line.

• Blood supply is derived from branches of the inferior epigastric artery medially, 
and superficial circumflex iliac artery laterally.

Zone 3

• Located lateral to the Linea semilunaris and above the arcuate line.

• Blood supply is derived from the musculophrenic artery superiorly, and the deep 
circumflex iliac artery inferiorly.

The abdominal wall nerves run between the transversus abdominis and inter-
nal oblique muscles. The top nerves arise from spinal roots T6-T12, while the 
L1 nerve root innervates the lower area via the ilioinguinal and iliohypogastric 
nerves.

Figure 2. 
Anatomy of the anterior Abdominal Wall. Axial view of the Abdominal Wall below the arcuate line.
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3. Causes of ventral hernia

Several factors play a role in the formation of hernias. Hernias can be linked to 
various medical conditions, including connective tissue disorders, as well as collagen-
related abnormalities.

The majority of hernias are associated with disorder of a collagen metabolism, 
where the type I to III collagen ratio plays a key role. A lower ratio, around 5 on 
average, increases the likelihood of hernia development [2].

Common risk factors include:

• Weakness in the abdominal wall: aging, or previous abdominal surgeries.

• Pregnancy can strain and weaken abdominal muscles, making women more 
susceptible.

• Obesity: Excess weight stresses abdominal muscles.

• Chronic cough: increases intra-abdominal pressure.

• Straining during bowel movements.

• Trauma or abdominal wall injury.

• Smoking: Impaired body healing and increased hernia risk are linked to smoking.

3.1 Symptoms

The symptoms of ventral hernias can differ, and some individuals may not exhibit 
any symptoms:

• A bulge or lump in the abdominal region, especially while standing or straining.

• Discomfort or pain in the affected area.

• In certain instances, the hernia may become incarcerated, resulting in the 
entrapment of abdominal contents. This situation can lead to intense pain, 
nausea, and vomiting, necessitating urgent medical attention.

3.2 Diagnosis

The identification of an abdominal lump during a physical examination typically 
validates the diagnosis. For obese patients, feeling the lump by palpation might be 
challenging, and using ultrasound (US) or computed tomography (CT) can be useful 
for confirming the diagnosis.

4. CT Imaging in ventral hernia

CT serves as a valuable tool for the preoperative assessment of most patients, 
providing information about the size and position of the hernia defect, its relation to 
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nearby surrounding structures, involvement of the bowel, and loss of domain. It is a 
relatively lower cost compared to magnetic resonance imaging (MRI) [3].

This imaging technique is especially crucial for atypical ventral hernias situated 
away from the midline, such as parastomal and spigelian hernias.

Some studies have explored the use of ultrasound for diagnosing and monitoring 
incisional hernias, yielding positive outcomes. Ultrasound is an appealing imaging 
option due to its cost-effectiveness and reduced radiation exposure for patients who 
often undergo multiple irradiation procedures.

However, ultrasound has limitations such as being highly dependent on the user’s 
expertise, inability to accurately assess the size of larger hernias, and limited capabilities 
in evaluating other factors like mesh location, bowel patterns, and occult hernias [4].

Preoperative considerations:

• Patient selection:

• Indications:

Symptomatic hernia, risk of incarceration: narrow-necked large hernias contain-
ing bowel on CT [5].

• Relative contraindications [5]

Hernia size: large >10 CM OR small <3 cm,
High BMI, multiple previous scars,
Hernia in unusual locations [6]: e.g. subxiphoid [5], flank, suprapubic [7] in which 

high-grade experience is required to place and fix mesh subfascial and avoid injuring 
vital structures or posterolateral hernias where is difficult to anatomically obtain 
mesh landing zone,

Strangulation/incarceration. These are considered as relative contraindications.

• Special circumstances [5, 8] in which it is difficult to obtain safe laparoscopic 
repair:

1. Loss of domain.

2. Presence of skin graft or abdominal wall flaps (e.g. TRAM flap).

3. Presence of enterocutaneous fistula.

4. Loss of abdominal wall muscles like in gunshots.

5. Recurrent hernia that require large mesh removal are considered as absolute 
contraindications of laparoscopic ventral hernia repair.

• Medical comorbidities [5, 8]:

Severe COPD, congestive Heart failure and child C Liver Cirrhosis are absolute 
contraindications of laparoscopic ventral hernia repair.

• Patient Optimization [8]:
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• Weight reduction

◯ Stop smoking.

◯ Treat constipation

Techniques [8, 9]:

• General anesthesia

• Antibiotics during induction according to the local hospital policy.

• Supine position and abdominal prep +/− incise drape (e.g. Ioban)

• Ports positioning:

◯ Commonly three ports are placed at the left side of the abdomen +/− assistant 
port at the right side of the abdomen

• Camera and mesh insertion port: 10–12 mm port at left upper quadrant midcla-
vicular line below the tip of 11th rib mainly inserted in open Hasson technique 
fashion. Other options include Veress needle and optical port.

• Another 2 x 5 mm ports were inserted under vision in the anterior axillary line.

• Surgical field/space:

◯ Intraabdominal (in IPOM), most commonly.

◯ Preperitoneal space (in TAPP) [10]: peritoneum incised 7–8 cm distance from 
linea alba parallel to the midline and 12–15 cm long craniocaudally, preperito-
neal space developed around the hernia and to the contralateral side prior to 
hernia reduction.

◯ Retro rectus space (in eTEP) [6]: 15 mm subcostal incision, balloon space used 
to create retro rectus space to pubic bone medial to linea semilunaris to pre-
serve neurovascular bundles, brief intraperitoneal entry to dissect and inspect 
the hernia contents, retro rectus space creation continued to the contralateral 
side.

◯ Oblique muscle complex (in endoscopic component separation) [11]: create 
space between external and internal oblique, perforator sparing technique 
used to release external oblique from its origin obliquely, mainly used as 
adjunct for open ventral/incisional hernia repair but can also be used for 
laparoscopic repair.

• Adhesiolysis and hernia reduction: Care not to injure the bowel and also meticu-
lous hemostasis (consideration of open conversion largely depend on the opera-
tive experience but generally significant bowel injury or bleeding that is difficult 
to control laparoscopically should be an indication of early conversion).
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• Hernia defect measurement and closure: Hernia defect can be measured lapa-
roscopically using tape or externally sometimes with the aid of a spinal needle 
passed close to the edge of the fascial defect. Hernia defect is then closed either 
laparoscopically or transfacially using a fascial closure instrument or endo close.

• Mesh placement and fixation:

◯ Allowing 4–5 cm overlap around the hernia defect.

◯ Fixation: tacks +/− anchoring sutures. Tacks can be absorbable or non-
absorbable. The general consensus is to use absorbable tacks although there is 
no strong evidence to support it [12]

• Location of the mesh:

◯ Intraperitoneal Onlay Mesh (IPOM): It is the commonest mesh placement 
technique. Easier but higher mesh complications rate. Other techniques: 
reduce mesh complications rate but technically difficult).

◯ Transabdominal preperitoneal (TAPP) [10]: It is suitable for medium-sized 
hernia (2–4 cm according to European Hernia Society [13].

◯ Extended totally extra peritoneal (eTEP) [6] which can be done as Rives 
Stoppa.

◯ Preperitoneal mesh placement procedure or accompanied with posterior 
component separation (i.e. Transversus abdominis release).

Types of mesh:
Three main types of Mesh:

1. Composite

• Polypropylene collagen (Parietene, Sofradim, Trevoux, France).

• Polypropylene polytetrafluoroethylene (Composix, CR Bard, Cranston, NJ, 
USA)

• Monofilament polyester collagen (Sympotex, Medtronic, UK)

2. Expanded polytetrafluoroethylene (Dual mesh, Gore-Tex, Gore Medical, 
Flagstaff, AZ, USA)

3. Polypropylene covered with oxidized regenerated cellulose (Proceed (Ethicon).

Complications [5, 8]:

1. Bowel injury (enterotomy) 2–6%: Intra op management depend on the degree of 
injury or contamination. Option will be:

• Repair the injury (lap or open) + repair the hernia with or without mesh.
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• Repair the injury (lap or Open) + delayed hernia repair either less than 1 week 
or after 6–8 weeks.

• Delayed enterotomy usually as result of delayed diathermy injury or tacks 
injury and should be managed by laparotomy, repair /excise or divert the 
injury + mesh removal.

2. Seroma formation: more than 90% of patients develop seroma which is likely to spon-
taneously resolve. Therefore treatment is reserved to symptomatic seroma (1–24%) 
or persistent seroma for more than 8 weeks (3–4%) which can be managed with 
sterile aspiration or drainage, rarely chronic seromas might require mesh removal.

3. Post-Operative Ileus (1–3%): usually managed expectantly, reduced bowel 
manipulation may reduce the incidence of post-op adynamic ileus.

4. Infections:

• Surgical site infections: 2.8% can be treated with dressing and antibiotics.

• Skin Cellulitis: 2–4% could be as a result of an inflammatory reaction caused 
by the mesh or infected mesh, treated with antibiotics. Low evidence of 
prophylactic antibiotic use.

• Mesh Infection: 0.6% difficult to treat and may require mesh excision, the 
following strategies can be adopted:

◯ Antimicrobial therapy + image-guided drainage of abscesses.

◯ Mesh salvage, debridement + vac therapy with antimicrobial therapy, 
especially of mesh is well incorporated.

◯ Mesh removal, for septic patients or when the above measures failed.

• Fistula formation [14]:0.1% usually as a result of chronic mesh erosion, unrec-
ognized enterotomy or anchoring suture injury. Treated with mesh removal 
and surgical repair.

5. Chronic pain more than 6 weeks post-operative, 1.3–3.3%, usually as the result 
of tacks or anchoring stitch, rarely as a result of neuroma development. It can 
be managed with, NSAID, nerve blocks, local anesthetic or steroid injections. 
Surgical removal of anchoring stitches or tacks.

Post-operative care [8]:

• Adequate analgesia: range from simple analgesia to PCA.

• DVT prophylaxis should be initiated within 24 hours.

• Patient education: lifestyle adjustments to reduce hernia recurrence, recognize 
signs of infection or hernia recurrence
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5. In summary

The abdominal wall’s anatomy is crucial for effective hernia repair.
Blood supply zones in the abdominal wall are defined based on location and 

vascular sources.
Diagnosis involves physical examination, ultrasound, or computed tomography 

(CT) imaging.
CT imaging is cost-effective and useful for assessing hernia size, location, and 

relation to nearby structures. Ultrasound is another option but has limitations. 
Understanding ventral hernias and their diagnosis is essential for effective manage-
ment and surgical repair.

Preop considerations for hernia surgery include patient selection, indications, 
hernia size, high BMI, previous scars, and hernia in unusual locations. Special 
circumstances include loss of domain, skin graft or abdominal wall flaps, enterocuta-
neous fistula, loss of abdominal wall muscles, and recurrent hernias requiring large 
mesh removal. Patient optimization includes weight reduction, stopping smoking, 
and treating constipation.

Operatively Surgical fields include intraabdominal (IPOM), preperitoneal space 
(TAPP), retro rectus space (eTEP), and oblique muscle complex (endoscopic compo-
nent separation). Hernia defect measurement and closure are done laparoscopically 
or externally, and the hernia defect is closed either laparoscopically or transfacially.

Mesh placement and fixation are performed using intraperitoneal Onlay Mesh 
(IPOM), transabdominal preperitoneal (TAPP) and extended totally extraperitoneal 
(eTEP). Mesh types include polypropylene + collagen, polypropylene+polytetrafluor
oethylene, monofilament. Polyester+collagen, expanded polytetrafluoroethylene, and 
polypropylene covered with oxidized regenerated cellulose.

Complications include bowel injury (enterotomy). The option 0f treatment 
depends on the degree of injury or contamination.

In conclusion, laparoscopic ventral hernia repair is a challenging process that 
requires careful patient selection and optimisation together with the availability of 
surgical experience. Therefore, complex laparoscopic ventral/incisional hernia repair 
should be reserved to centers where high volume of these surgeries are conducted in 
regular bases.

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 5

Management of Ventral Hernia 
in Obese Patients: Before or After 
Bariatric Surgery?
Bachir Elias, Carine El Hajj and Caline Zeaiter

Abstract

Obesity is a known risk factor for ventral hernias and their recurrences. The timing 
of ventral hernia repair in obese patients who are candidates for bariatric surgery is still 
a debatable topic. To this date, there is no consensus, neither for the timing nor for the 
surgical repair technic. In this chapter, we will review briefly what was already dis-
cussed about this dilemma and explore our experience with our retrospective study. If 
asymptomatic, the ventral hernia should be repaired after bariatric surgery when there 
is stabilization of the weight loss. Laparoscopic approach is recommended to allow an 
exploration of the trocars sites and a second look after obesity surgery. An algorithm 
for ventral hernia management in obese patients is proposed.

Keywords: ventral hernia, ventral hernia repair, bariatric surgery, technique of hernia 
repair, management of hernias in obese patients

1. Introduction

Obesity is a risk factor increasing the occurrence of primary and secondary 
ventral hernia; as well as the risk of complications when operating hernia, espe-
cially the risk of recurrence. On the other hand, when ventral hernia becomes 
symptomatic in obese patients with incarceration or strangulation, there is an 
increased risk of major complications or delayed diagnosis because obese patients 
can have little or no major clinical symptoms. Concerning bariatric surgery, hernia 
of the abdominal wall can make the operation more complicated while increasing 
also the operative time.

In order to manage ventral hernia in the bariatric population while having the lowest 
risk, it is mandatory to choose the best time to operate a hernia during the management 
of the obesity of this group. After studying 47 ventral hernias diagnosed during the 
preparation of 643 patients for their bariatric surgery and after a review of the literature 
that is relatively poor concerning this subject, we concluded that many factors are to 
consider during the management of ventral hernia in bariatric population; but, in 
general, if asymptomatic, ventral hernia should be repaired after bariatric surgery when 
here is the stabilization of the weight loss; and laparoscopic approach is recommended 
to allow an exploration of the trocars sites and a second look after obesity surgery.
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2. Ventral hernia repair in obese patients

There are many techniques for ventral hernia repair and many approaches. 
Whether to combine it or not with bariatric surgery, the repair is most of the time 
inevitable. Since obesity is a risk factor for an increased incidence and recurrences 
of ventral hernia, the timing of repair is essential to balance out between a late 
repair with an increased risk of hernia-related complication, an early repair with its 
increased risk of recurrence, and a concomitant repair with higher morbidity.

2.1 Definition of obesity

To be able to discuss bariatric surgery we need to start by defining obesity. Even 
though this is a common pathology, the medical expert failed to define obesity properly 
in the 10th edition of the International Classification of Diseases relating it to its defini-
tion of “excess of calories” which was considered as a demeaning description. However, 
they managed to change that in the 11th edition and defined this chronic pathology as [1]:

“Abnormal or excessive fat store secondary to different causes including energy 
imbalance, drugs, and genetic disorders.”

According to the WHO, 4 million deaths per year resulted in 2017 from being 
obese or overweight. Its prevalence has increased globally, especially for children 
and adolescents. In 2016, more than 650,000,000 adults over 18 years old were obese 
(WHO). Globally, this preventable and treatable disease kills more than malnutrition. 
Moreover, this disease is no longer a high-income region problem with rates increas-
ing even in the urban areas of low- and middle-income countries therefore it is now 
considered a global epidemic.

BMI or body mass index approximates the total body fat and it is equivalent to the 
weight divided by the square of the height in meters [2, 3].

This index is easy to calculate and consistent. It can correlate to the total fatness in 
the body but is not an accurate measure of body fat. For instance, muscular patients 
who are overweight will have a lower degree of adiposity compared to the same 
patients in the same category. Older adults will have a lower percentage of muscles 
and a higher percentage of fat in the same BMI category [3].

This Index is used to group patients into mainly 4 categories: Underweight 
(<18.5 kg/m2), normal range (18.5 to 24.9 kg/m2), overweight (25 to 29.9 kg/m2), and 
obese (≥30 kg/m2).

2.2  Abdominal wall hernia: definition, incidence, risk factor, classifications,  
and prognosis

2.2.1 Definition and incidence

An abnormal protrusion of abdominal contents through a weakness in the anterior 
abdominal wall is referred to as a ventral hernia. Abdominal wall hernias are quite 
prevalent, with a prevalence of 1.7% for people of all ages and 4% for people over 
the age of 45. It is estimated that more than 20 million hernias are treated annually 
throughout the world. About 75% of abdominal wall hernias are inguinal hernias, 
which have a lifetime risk of 27% in men and 3% in women. Inguinal hernias are the 
most prevalent type of ventral hernias. Umbilical, paraumbilical, epigastric, inci-
sional, and rarer hernias including Spigelian and traumatic hernias are further forms 
of ventral hernias. In the postoperative setting, patients have approximately 10% 
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risk of developing hernia following a midline laparotomy, 5% following a transverse 
muscle splitting incision, and less than 1% following laparoscopic repair.

2.2.2 Classification and risk factors

Ventral hernias can be mainly classified as primary or secondary: umbilical, 
epigastric, and hypogastric hernias are classified as primary while secondary ventral 
hernias occur following surgery, and are referred to as incisional hernias.

Inguinal and femoral groin hernias are not included in the classification of anterior 
abdominal wall hernias as primary or incisional hernias used by the European Hernia 
Society. The midline umbilical and epigastric hernias, as well as lateral spigelian 
hernias, are subclasses of primary hernias (or “ventral” hernias). Parastomal hernias 
are a specific type of ventral hernia with a variety of treatment options, despite 
the fact that they are incisional by definition. Before this consensus definition, the 
literature on abdominal wall hernias had been hindered by inconsistent nomencla-
ture, and despite distinct etiology, epidemiology, and surgical outcomes, incisional 
and primary ventral hernias continue to be combined in studies [4]. Congenital or 
acquired causes of ventral hernias can be distinguished with acquired hernias being 
more frequent, and frequently brought on by previous surgery, trauma, or repetitive 
stress on vulnerable areas of the abdominal wall.

A big contributing cause of acquired ventral hernias is obesity, which weakens the 
abdomen’s fascia by stretching it.

In a study published in 2021 and entitled “Abdominal Wall Hernias: An 
Epidemiological Profile and Surgical Experience from a Rural Medical College in 
Central India,” predisposing factors in a majority of the patients were:

• Chronic cough (55%)

• Prostatic problems (23%)

• Chronic constipation (20%)

• Previous surgeries (10%)

• Obesity (1.2%)

• Ascites (1.1%)

• Multiparity (6.1%)

• Transabdominal gynecological surgeries (4.0%)

• Excessive crying (25% of the pediatric population)

• Chronic respiratory infections (23% of the pediatric population) [5]

2.2.3 Prognosis

The type, size, and potential for reducing risk factors that contribute to the 
development of a hernia are only a few of the variables that affect the prognosis of a 
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certain hernia. The prognosis is usually favorable with prompt diagnosis and treat-
ment. However, if the hernia is not identified or if problems develop while treating 
the condition, morbidity may result.

An incarcerated, obstructed, or even strangulated intestine with a poor blood sup-
ply is a potential hernia consequence. Missing this could lead to peritonitis and bowel 
perforation, both of which are potentially fatal. Therefore, surgical intervention is 
necessary to stop additional complications such as sepsis and perforation.

It is crucial to remember that surgery to repair a hernia can put the patient at risk 
for adhesions or infection. Hernias can also recur in the same place even after surgical 
correction [6].

Medical illiteracy, financial constraints, and societal inhibitions might cause 
delayed presentations and higher postoperative morbidity and mortality in rural parts 
of developing nations. To guarantee that early diagnosis and the finest procedures are 
available to various social strata, efforts must be made to conduct area-wise surveys, 
educate the populace, and reduce costs [7].

2.3 Indications for bariatric surgery

Bariatric surgery includes several procedures to target weight loss. They may target 
intestinal absorption or restrict the meal volume or do both. Before proceeding with 
any bariatric procedure, a multidisciplinary team will evaluate the patient’s nutri-
tional status, psychological state, and lifestyle. Like any surgical procedure, it comes 
with multiple post-operative morbidities and mortality risk.

Bariatric surgery is indicated when [3]:

• BMI > 40

• 35 < BMI < 39.9 with an obesity-related comorbidity (Table 1: HTA DM GI reflux 
osteoarthritis.)

• BMI > 30 with an uncontrollable DM II or dysmetabolic syndrome X.

More than 300,000 procedures were performed in 2011 [3]. In the USA, 2000000 
patients had a bariatric procedure between 1993 and 2016. Within that period, the 
evolution of bariatric surgery started, and there was a switch from open procedures 
to laparoscopic procedures. Due to technological advances and the escalation of the 
surgical experience, the postoperative morbidity and mortality rates decreased by 
around 10% from 1998 to 2016 (11.7–0.04). It is debatable whether these procedures 
should be offered before the start of the subordinate health impairments or limited to 
those who already suffer from comorbidities. However, all agree that these procedures 
should not be considered cosmetic interventions [8].

2.4 Review of different approaches to bariatric surgery

Currently, we have four common bariatric procedures that work on reducing the 
gastric space and or limiting the intestinal length:

• Gastric banding reduces food intake. It consists of banding the upper part of the 
stomach and connecting it to a subcutaneous port. Filling this port with saline 
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will control the stricture of this band. This reversible and minimal invasive 
technique had its side effects like vomiting and solid food intolerance.

• Sleeve gastrectomy [3, 8] popularity has increased because of its feasibility and 
satisfying results. It consists of removing the lateral part of the stomach and 
fundus keeping just a small portion of the lesser curve and the antrum. It reduces 
the stomach’s capacity by almost 90% and preserves the pylorus and the totality 
of the intestines. It is simple to perform laparoscopically and eliminates the risk 
of many postoperative complications. Since the intestines are intact the risk of 
internal herniations is totally absent.

• Gastric bypass is a popular alternative developed 40 years ago that maintained its 
popularity since Wittgrove managed to perform this procedure laparoscopically 
[3, 8]. In the long run, this procedure can generate life-threatening complications 
such as ulcers or internal hernias and many nutritional deficiencies. The Roux en 
Y gastric bypass consists of creating a small gastric pouch by resecting the stomach 
horizontally than vertically. Then two anastomoses are made a gastro jejunal and 
a jejuno-jejunal anastomosis to create two limbs a biliary and an alimentary limb. 
The omega loop bypass or mini bypass consists of creating a mini gastric pouch 
and then a gastrojejunal anastomosis at the 200 cm mark from the Treitz angle.

• The duodenal switch was created by Hess [8] and it combines a gastric sleeve 
with a small bowel bypass. The sleeve gastrectomy is performed then the 
duodenum is transected away from the pylorus. The small bowel at 2.5 to 3 m 
from the ileocecal valve is transected then a 1.5 m alimentary limb is generated 
anastomosed to the gastric end of the duodenum. The distal part of the duode-
num drains with the biliopancreatic secrection into the alimentary limb at 1.5 to 
1 m from the ileocecal valve. Up to 70% of the small bowels are isolated in this 
procedure from the foodstream [8]. This results in a more significant reduction 
of fat absorption compared to other techniques, which leads to a more durable 
weight loss. By preserving the pylorus, this technique allows patients to eat with 
a lower risk of dumping [8]. Fat-soluble vitamins are required postoperatively. 
Since this technique is difficult to perform laparoscopically, its use is limited.

Other bariatric techniques include:
Gastric plication is a technique that resembles the gastric sleeve however without 

any resection. It reduces gastric volume with easier reversibility however this tech-
nique is more difficult, and it remains under investigation [8].

All these techniques should be performed, unless major contraindications, by lapa-
roscopic approach which reduces the postoperative pain, respiratory complication, the 
formation of large hernia, decreases the hosiptal stay and improves esthetic outcomes.

2.5 Indications for ventral hernia repair

Among all surgical issues, abdominal wall hernias are among the most frequent. 
Inguinal hernia repairs account for over 770,000 of the nearly 1 million abdominal 
wall hernia operations performed annually in the United States. [9].

Through a thorough clinical examination and review of the patient’s medical 
history, abdominal wall hernia can be accurately diagnosed. However, in challenging 
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or complex cases, imaging modalities, such as CT scan, ultrasound, and MRI, can be 
helpful. According to one study, a clinical examination has a sensitivity of 75% and a 
specificity of 96% for hernia diagnosis.

Ventral hernia repair is generally indicated for a variety of reasons, but the most 
prevalent ones include symptom relief, cosmetic improvement, and averting morbidi-
ties, such as pain, incarceration, enlargement, and skin changes, that are linked to the 
defect. In low- and moderate-risk individuals, elective surgery enhances the functional 
status and quality of life associated with hernias, but emergency repair increases mor-
bidity and death. Older age, female sex, and umbilical hernia defects measuring from 2 
to 7 cm or incisional hernia defects measuring up to 7 cm were significant risk factors for 
urgent repair. For incisional and umbilical hernias, watchful waiting is safe, but it causes 
substantial crossover rates (11–33%) and a significantly higher incidence of intraopera-
tive perforations, fistulas, and mortality for emergency surgery. Older patients with 
incisional hernias typically have poorer outcomes following incisional hernia surgery. 
Advanced age was a significant risk factor for both umbilical hernias and ventral/inci-
sional hernias requiring emergency repair; and an independent risk factor for poor early 
outcomes (readmission, reoperation, or death within 30 days). In patients with modifi-
able risk factors, watchful waiting is advised for medical improvement [10].

It is advised that symptomatic hernias be surgically addressed. The laparoscopic 
approach (standard or robotic method) should ideally be used especially for defects 
with a diameter of less than 15 cm.

2.6 Review of different approaches to ventral hernia

Surgery is the most typical treatment for ventral hernias. Hernias that are asymp-
tomatic can be treated on an elective basis, while those that are strangulated need to 
be operated on right away. Incarceration without strangling is not a surgical emer-
gency. Binder, truss, or corset use for non-surgical management of abdominal wall 
hernias is not thought to be successful. However, if a patient is not a good surgical 
candidate, this might be their only option.

Hernias have been repaired using a variety of surgical methods over the years. The 
use of a mesh with 3 to 5 cm of overlap, careful management of the mesh, limiting 
surgical site infections, and adopting an approach with the closure of the fascia if 
possible are further considerations, with a tension-free closure being the most crucial. 
The most straightforward strategy is a primary open repair without mesh, which 
should normally only be used for fascia abnormalities smaller than 2 cm. There are 
various alternatives for an open repair with mesh, including the kind of mesh and the 
placement of the mesh [6].

When compared to open techniques, laparoscopic ventral hernia repair consis-
tently shows lower overall complication rates, shorter hospital stays, and quicker 
return to work. The majority of the current literature demonstrates that the recur-
rence rates are marginally lower in laparoscopic repair, despite the fact that this 
relationship has not always been statistically significant. Laparoscopy has drawbacks, 
including a larger risk of visceral harm and greater technical difficulty. Due to more 
surgical freedom, robotic ventral hernia procedures have also gained popularity. From 
a technological perspective, closing the fascial defect robotically is far simpler than 
trying to do it using traditional laparoscopic tools. Due to the possibility of main-
taining smaller incisions, the advantages of laparoscopy are maintained. At present 
moment, no landmark trials have shown that robotic surgery is superior to laparos-
copy; instead, it is often more expensive and requires longer operating durations.
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2.6.1 The rives-stoppa repair

The retrorectus dissection plane is used in the Rives-Stoppa repair, which was first 
reported in the 1980s. This procedure is quite durable while preventing the develop-
ment of subcutaneous flaps. The procedure allows for additional mobilization by 
releasing the posterior rectus sheath from the rectus muscles. This is normally done 
by dissecting bluntly toward the semilunar line while incising the posterior rectus 
sheath within 0.5 cm of its medial border. Then, the mesh is frequently positioned 
anterior to the posterior fascial plane, in a retromuscular manner [11].

Additionally, the abdominal wall musculature is preserved during this procedure, 
which is important for a successful abdominal wall reconstruction because it pre-
serves both its functional and anatomical integrity. The restricted lateral dissection 
performed in this procedure, however, limits its use despite its stellar track record. 
The Rives-Stoppa repair, however, is inherently inappropriate in some circumstances. 
These include nonmidline ventral hernias lateral to the linea semilunaris, insufficient 
medial advancement of the posterior rectus sheath and musculature, and insufficient 
retrorectus space required for mesh placement. These restrictions have led to the 
development of new operating procedures.

2.6.2 Transversus abdominis release combined with posterior component separation

The transversus abdominis release has been useful in correcting nonmidline, 
complicated faults that the Rives-Stoppa repair is unable to fix. In this method, mesh 
overlap and lateral mobilization are added to the Rives-Stoppa repair’s retrorectus dis-
section plane. The posterior rectus sheath is incised, exposing the underlying trans-
versus abdominis muscle, typically 0.5 cm medial to the semilunar line. After that, 
the underlying fascia is separated from the muscle plane, if necessary as far laterally 
as the psoas muscle [11].

2.6.3 Anterior component separation

A dissection anterior to the rectus muscles is used for anterior component separa-
tion. The external oblique fascia, which is located just lateral to the lateral aspect of 
the rectus muscles, is severed during the procedure to create a subcutaneous plane. If 
tension-free approximation is not initially achieved, further dissection to the anterior 
axillary line’s margin can be done. This procedure allows for efficient midline repair 
while allowing for significant medial mobilization of the abdominal wall muscles [11].

3. Discussing literature about the management of hernias in obese patients

Obesity is in fact a risk factor for the occurrence and the recurrence of ventral 
hernias. Many hernia repair techniques failed to treat hernias in obese patients [12]. 
Obesity is also a risk factor for increased wound infections, increased intra-abdominal 
pressure, and slow healing [13]. The incidence of recurrence can reach 35%, however, 
laparoscopic intraperitoneal onlay mesh repair can reduce this rate to 12% [13]. Weight 
loss can contribute to the reduction of hernia recurrences, however, recurrences may 
occur faster than reaching the optimal weight loss [12, 13]. Moreover, significant 
weight loss means a higher risk of internal hernias and need for re-intervention. 
Therefore, weight loss can compromise the efficacy of an early hernia repair.
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There are no guidelines for the type or timing of hernia repairs however many 
retrospective studies discussed these issues.

A small study done on 23 patients who had a concomitant bariatric surgery with a 
laparoscopic intraperitoneal onlay mesh repair showed a low rate of recurrence over 
3 years of follow-up [13]. This suggested that concomitant onlay mesh repair is a good 
alternative to delayed repair. However, the sample size was small and 4 patients had 
seromas postoperatively which is 7% more risk compared to the maximal incidence of 
seromas cited in the literature [13, 14].

A French nationwide retrospective study conducted between 2007 and 2018 
concluded that hernia repair before bariatric surgery should be avoided to avoid the 
higher risk of reoperation that is associated with it [15]. Operating hernias before 
bariatric surgery had the highest recurrence rates compared to hernia repair postbar-
iatric surgery or concomitant to bariatric surgery [15, 16].

Hernias suture repairs concomitant to bariatric surgery did not have a high recur-
rence rate due to the fact that usually suture repairs are indicated for smaller hernias 
that are less likely to reoccur [15]. A retrospective analysis of a UK-based sample of 
bariatric patients showed that the reoccurrence rate of concomitant repair is sufficiently 
low to suggest it for non-diabetic patients who are at a higher risk of infections [17].

The biggest dilemma resides in the fact that bariatric surgery with ventral hernia is 
challenging but obesity is a risk factor for recurrences [18]. Also, hernia repair during 
bariatric surgery is technically more difficult and can increase morbidity without 
annulling the risk of recurrences [18]. Since bariatric surgery is considered as clean 
contaminated, synthetic meshes offer better results in hernia repair but put patients 
at risk of infections [18].

Finally, a very diplomatic answer was given by Sait MS and Al. when question-
ing the timing of hernia repair in morbidly obese patients [19]. As suggested in their 
review, a case-by-case decision should be used since out of the 179 articles reported 
and the 5 main articles used to answer the questions, conflicting results dominated 
the research. The only common fact was that hernias should be repaired to avoid 
occlusion, synthetic mesh usage does not increase site infection in case of concomitant 
repair, and that randomized controlled trials are needed to reach a consensus [19].

4. Our study sample presentation and results

4.1 Objective

The objective of the study is to determine the best moment to operate a ventral 
hernia in obese patients during the management of their obesity.

4.2 Materials and methods

A retrospective study was conducted over the past 4 years. About 643 patients 
treated for morbid obesity were included: a ventral hernia (primary and incisional) 
was noted at the first consultation in 47 patients. All patients were asymptomatic. 
The mean time from the first consultation to bariatric surgery is 9 months. Thirty 
five patients were operated on 1 year after bariatric surgery called the “after bariatric 
surgery group,” five patients were operated on before bariatric surgery, four patients 
were in an emergency pattern for incarcerated or strangulated hernia, and three 
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ventral hernia closed without mesh during bariatric surgery; this was “before bariat-
ric surgery group.” The laparoscopic approach was used in 30 patients. Tension-free 
technique was used in 42 patients.

4.3 Results

Technically, it was easier to operate on patients after the weight loss.
Wound infection, hematoma, and pulmonary infection were seen in five patients, 

and there was no significant difference between the two groups concerning post-
operative complications. No mortality was seen.

After at least 1 year of follow-up, one recurrence (2.8%) was noted in the “after 
bariatric surgery group” and seven recurrences (50%) in the “before bariatric surgery 
group.” One recurrence of the 7 was noted after 2 months of the primary repair and 
the others occurred after the weight loss. Two asymptomatic trocars site hernias were 
repaired at the same time when laparoscopic approach was used.

5. Conclusion

There is a need for a large prospective study to evaluate the perfect timing with the 
optimal repair technique to have a golden standard solution for ventral hernias repair 
and obesity surgery dilemma.
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According to the algorithm, we propose that, if asymptomatic, the ventral hernia 
should be repaired after bariatric surgery when there is stabilization of the weight loss 
usually after the first year. Laparoscopic approach is recommended because it allows 
an exploration of the trocars sites and a second look after obesity surgery.
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Chapter 6

Hernia as a Complication of 
Metabolic Bariatric Surgery
Athanasios Pantelis and Mohit Bhandari

Abstract

Metabolic Bariatric Surgery (MBS) is increasingly gaining ground, given that it 
constitutes the most effective treatment of obesity and associated health problems, 
with enduring results and a well-documented safety profile. Nevertheless, certain 
issues may rise in the medium and long term. Among them, there is a heterogeneous 
group of complications under the umbrella term “post-bariatric hernia”, including 
internal hernias, abdominal wall hernias, and hiatal hernias. Internal hernias con-
stitute the most studied category, but evidence on the other categories is not lacking. 
This chapter will attempt to cover diagnostic, treatment, and preventive aspects in 
the management of hernia post-MBS following a comprehensive, evidence-based 
approach. In brief, with regards to the prevention of internal hernias, suturing of 
all defects is strongly recommended for Roux-en-Y Gastric Bypass (RYGB), but 
the evidence is less clear when it comes to newer bypass procedures, such as One-
Anastomosis/Mini Gastric Bypass (OAGB/MGB) and Single Anastomosis Duodenal-
Ileal Bypass (SADI). As far as abdominal wall hernias are concerned, there is no clear 
evidence of the advantages of suture closure against non-closure. Finally, with respect 
to hiatal hernias post-MBS, the caveat rests in the documentation of de novo versus 
pre-existing hiatal hernia, which mandates meticulous preoperative evaluation of 
symptoms and potentially further endoscopic documentation.

Keywords: bariatric surgery, metabolic surgery, internal hernia, Petersen’s defect, 
mesenteric defect, Brolin’s space, mesocolic defect, trocar site hernia, port site hernia, 
incisional hernia, hiatal hernia, de novo hiatal hernia

1. Introduction

Metabolic bariatric surgery (MBS) is the most effective and sustainable treatment 
for obesity and associated health problems, such as type 2 diabetes mellitus [1–6]. 
Most importantly, MBS has shown a favorable safety profile over time [7], even at 
the extremes of age [8–10], even during pandemic periods with high epidemiologi-
cal burden [11], and even for patient groups that are traditionally considered as high 
perioperative risk [12].

Nevertheless, there is no surgery without complications, as such bariatric opera-
tions bear an overall mortality risk of 1% and are accompanied by a number of early 
and late complications [13, 14]. The most studied early complications are anastomotic 
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or staple-line leaks and hemorrhage, whereas the most referenced medium-term and 
late complications are malnutrition following hypoabsorptive procedures, gastro-
esophageal reflux after sleeve gastrectomy, and anastomotic ulcers. Another cluster of 
complications following bariatric surgery falls into the umbrella term “hernia”. Hernia 
post-MBS can take several forms but may be summarized into three cardinal catego-
ries: internal, abdominal wall, and hiatal.

The pathophysiology underlying post-MBS hernia remains elusive, and only 
extrapolations can be made about this complex issue, including but not limited to 
factors such as disrupted healing; nutritional deficiencies; diabetes mellitus; chronic 
constipation; chronic or vigorous cough; tissue subluxation and connective tissue 
disorders; alterations in intra-abdominal pressure; creation of visceral space defects 
that naturally would not exist; altered peristalsis and disrupted bowel transit; neu-
rohormonal, immunologic, and inflammatory mediators; genetic and epigenetic 
influences; and so forth [15].

Most importantly, patients with hernia post-MBS may present in acute distress 
and their condition may mandate immediate surgical exploration, with incarcerated 
internal hernia being the most striking example. Consequently, the subject of hernia 
post-MBS expands well beyond the scope of bariatric surgery and may concern the 
general surgeon [16, 17].

This chapter will attempt to clarify the diagnostic challenges, treatment modali-
ties, and prevention strategies regarding hernia post-MBS in a comprehensive and 
evidence-based manner.

2. Internal hernia following metabolic bariatric surgery

Internal hernias constitute the most widely studied category of hernia post-MBS. 
Most surgeons are familiar with the term “Petersen’s defect”, but this constitutes only 
one of many potential sites of herniation following Roux-en-Y gastric bypass (RYGB) 
and bariatric surgery in general.

2.1 Epidemiology and pathophysiology of internal hernia post-RYGB

Beginning with the epidemiological features of Internal Hernia (IH) post-MBS, 
according to the literature 42–61% of all cases of Small Bowel Obstruction (SBO) 
after RYGB are due to IH. This may indicate a relative increase of small bowel obstruc-
tion with the establishment of laparoscopic versus open approach in bariatric surgery, 
which in turn leads to the formation of less adhesions and allows for greater mobility 
of the small bowel. The crude incidence of IH post-RYGB is 5%, ranging 0.3–6.2%, 
but the true incidence is hard to assess, for reasons of short-term follow-up and/or 
loss to follow-up. In a large review comprising 9527 patients after RYGB and cover-
ing a period of 8 years, Koppman et al. showed that the incidence of IH ranged from 
0.3% for antecolic to 2.4% for retrocolic fashioning of the Roux limb [18]. Among 
them, there are two seminal studies with regards to sample size and study design. The 
first was authored by Higa et al. in 2003 and comprised 2000 RYGB patients over the 
period 1998–2001 [19]. There were 63 cases and 66 IH in total (3 cases had hernia in 
multiple sites), with the most common site of herniation being the transverse meso-
colon (67%), followed by the jejunal mesentery (21%), and Petersen’s space (7.5%). 
The authors documented a progressive decline in the incidence of IH throughout the 
duration of this study. The second study by Paroz et al. included 607 patients who 
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underwent RYGB between 1999 and 2006 [20]. There were 25 cases of IH, 2 imme-
diate postoperative and 23 late. In contradistinction to the study of Higa et al., the 
authors of this study found a peak of IH incidence at 36 months and a mean time of 
presentation at 29 months postoperatively, followed by a progressive decline toward 
the end of the study at 72 months. Additionally, the most common site was the jejuno-
jejunal window (56%), followed by Petersen’s space (27%), and mesocolic window 
(17%). By contrast to both of these studies, a more recent research showed that 
Petersen’s space is the most common site of IH (67.6%), followed by jejuno-jejunal 
window (24.3%), whereas multi-site hernia incidence was as high as 8.1% [21]. This 
indicates that not only is hernia post-MBS a heterogeneous topic, but there is inherent 
heterogeneity in the specific subcategories depending on each study period, which 
may reflect changes in surgical technique.

With regards to pathophysiology of IH, RYGB has been the most extensively 
studied bariatric operation because it entails a multitude of bowel loop mobilizations, 
dissections, and thus potential herniation sites, and also because it used to be the most 
commonly performed bariatric operation globally until recently [22]. The most com-
mon IH sites following RYGB include: 1) the transmesocolic window (when a trans-
mesocolic Roux limb is fashioned), which is surrounded by the incised transverse 
mesocolon, thus allowing passage of the ascending Roux limb; 2) Petersen’s window 
(or retro-alimentary limb space), which is defined by the transverse mesocolon poste-
riorly and the mesojejunum of the Roux limb anteriorly, and is located just caudally 
to the Roux limb’s passage through the transmesocolic window (if one exists); 3) the 
mesojejunal window (or Brolin’s space), which is defined by the mesojejunum of the 
biliopancreatic limb lying anteriorly and the mesojejunum of the Roux limb lying 
posteriorly; and 4) the jejuno-jejunal window, which is located between the Roux limb 
and the distal part of the biliopancreatic loop [23–26] (Figures 1–3). Complex hernias 
and hernias concomitant with volvulus and intussusception have also been described 
[19, 27, 28].

2.2 Prevention of internal hernia following RYGB

Considering prevention, the two major areas of debate are the construction of 
the Roux limb in an antecolic versus retrocolic fashion, and the closure versus non-
closure of the mesenteric defects. Currently, the trend is to create the Roux limb in 
an antecolic fashion and close all mesenteric defects. This was first supported in a 
meta-analysis of 45 articles by Geubbels et al., which included a cumulative number 
of 31,320 post-RYGB individuals [29]. IH with the antecolic approach without defect 
closure yielded a 95% CI of 0.02 [0.01–0.03] in the random-effects model (I2 91.3%), 
while the respective figures were 0.03 [0.02–0.05] (I2 90.0%) for the antecolic 
approach with closure of only the mesojejunum, and 0.01 [0–0.03] (I2 85.4%) for 
the antecolic approach with closure of all deficits. These results have recently been 
validated, in a comprehensive review by Vilallonga et al. [30].

The main advantages of an antecolic Roux (alimentary) limb are that there is 
one defect less in total and that the risk of mesocolic stenosis is non-existent. This 
comes at a cost of increased distance and increased tension at the gastro-jejunal 
anastomosis, which in turn may lead to a high incidence of leaks and strictures. 
However, fashioning an antecolic Roux limb may not be always technically feasible, 
especially in cases of short mesojejunum and thick mesocolon. In such cases, the 
creation of a transmesocolic window is mandatory and this essentially leads to 
one additional defect, which in turn potentially increases the relevant risks of IH 
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Figure 1. 
Schematic representation of potential sites of internal herniation following Roux-en-Y gastric bypass. 1) 
Transmesocolic window. This potential site of internal herniation exists only if a transmesocolic Roux limb has 
been fashioned, which nowadays happens in the minority of the cases. 2) Petersen’s window (or retro-alimentary 
limb space) defined by the transverse mesocolon posteriorly (dotted line) and the mesojejunum (asterisk) 
of the Roux limb anteriorly. 3) Mesojejunal window (or Brolin’s space) defined by the mesojejunum of the 
biliopancreatic limb anteriorly and the mesojejunum of the Roux limb posteriorly. 4) Jejuno-jejunal window, 
between the Roux limb the biliopancreatic limb. For details, please refer to the text. GP – Gastric pouch; GR – 
Gastric remnant; RL – Roux limb; CC – Common channel. Vector graphic designed by Athanasios Pantelis.

Figure 2. 
Closure of internal defects in a case of robotic RYGB. A. Closure of the jejuno-jejunal defect (indicated by an 
asterisk), in continuity to closure of the mesojejunal defect (not clearly visible due to transparent suture material, 
trajectory indicated by arrows). The arrowheads indicate the course of the suture thread. RL – Roux limb; 
BPL – Biliopancreatic limb. B. Closure of Petersen’s defect (indicated by an asterisk). The symbol “x” indicates 
the mesentery of the Roux limb and the symbol “xx” indicates the transverse mesocolon. GR – Gastric remnant. 
Images courtesy of Dr. Mohit Bhandari, archives of Mohak bariatrics and robotics, Indore, MP, India.
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and mesenteric stenosis [31]. Challenging this statement, in a large cohort of 1500 
patients post-RYBG, Ribeiro-Parenti et al. compared antecolic versus retrocolic 
RYGB group and found that the latter had a significantly lower gastro-jejunal 
stricture rate, with no increased risk of IH, provided that the mesenteric defect 
was closed [32]. The risk for IH was greater for both groups in the first 4 postop-
erative months (maximum 4.5% in the antecolic group and < 1% in the retrocolic 
group), while the risk for gastro-jejunal stricture ranging approximately 25–35% 
for the antecolic group versus <15% in the retrocolic group, depending on the tim-
ing post-operatively. In total, there were 20 cases of IH in the antecolic group [12 
without closure of defects (10.9%) and 8 with closure of all defects (1.7%)] and 11 
cases in the retrocolic group (1.2%, all mesenteric defects closed in all cases). At a 
higher level of evidence, two meta-analyses have attempted to unravel the relation-
ship between IH and positioning of the Roux limb. The first meta-analysis by Al 
Harakeh et al. included 4 studies in each group (antecolic vs. mesocolic), with 
4805 vs. 2238 patients, respectively [31]. Mesenteric defects were closed in 45% of 
cases in each group. The antecolic group had an incidence of 1.4% regarding SBO 
vs. 5.2% in the retrocolic group (p < 0.001), whereas the respective incidences for 
IH were 1.3% vs. 2.3% (p < 0.001). The second meta-analysis by Rondelli et al. 
included 7 retrospective studies and 3 prospective ones [33]. In the retrospective 
wing, the results did not demonstrate statistical significance for any group [95% 
CI = 3.49 (0.71, 17.19), p 0.12] and were highly heterogeneous (I2 88%), but the 

Figure 3. 
The bariatric surgeon should be considerate of internal defects not only at primary operations, but also at 
reoperations. A case of type 1 biliopancreatic limb distalization due to weight regain following banded RYGB. 
A. the mesenteric defect. The principle of closing any potential site of internal herniation is common between 
primary and revisional bariatric surgery. B. the process of closing the defect with non-absorbable suture. The 
hashtag signifies the mesentery of the Roux limb, while the asterisk indicates the jejunal mesentery. C. the same 
suture is used in continuity in order to close the jejuno-jejunal defect created between the Roux limb and the 
biliopancreatic limb. D. the final picture after the closure of defects. RL – Roux limb; BPL – Biliopancreatic 
limb; CC – Common channel. Images courtesy of Dr. Mohit Bhandari, archives of Mohak bariatrics and robotics, 
Indore, MP, India.
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prospective wing showed a statistically significant superiority of antecolic versus 
retrocolic Roux limb fashioning with regards to IH prevention [95% CI = 5.95 (1.35, 
26.19), p 0.02], accompanied by moderate heterogeneity (I2 47%). In brief, it can 
be concluded that when performing RYGB, an antecolic Roux limb is advised when 
this is technically feasible, otherwise in the case of transmesocolic fashioning of 
the limb the mesocolic defect should be closed.

The other hot topic on IH prevention is defect closure. In a recent study of 2093 
RYGB cases, Amor et al. compared a cohort of 1676 patients who underwent defect 
closure (period: 2005–2013) with 421 historic controls without defect closure 
(period: 1998–2004) [34]. The former group comprised 13 IH cases versus 7 cases 
in the non-closure group (0.78% vs. 1.66%, respectively; p 0.0021). In this study, 
both mesenteric (jejuno-jejunal) and Petersen’s defects were closed. In another 
recent study by Blockhuys et al. of 3124 post-RYGB patients, subgroup analysis 
showed that closure of both defects led to a proportion of cases without hernia of 
>99% (incidence 1.15%), which plateaued less than 1.5 year postoperatively [35]. 
On the contrary, the respective proportion after closing only the mesenteric defect 
was 96–97% (incidence 2.58%) and the plateau took place after approximately 
4 years postoperatively. Cumulatively, this strong evidence led Ianelli et al. to 
reasonably question whether routine closure of defects should still be a matter of 
debate [36], a viewpoint shared by most bariatric surgeons. Challenging this tenet, 
Nuytens et al. retrospectively studied post-RYGB patients, categorizing them into 
3 cohorts [37]. The first included 724 without closure, the second comprised 640 
patients in whom only the mesenteric defect was closed, and the third consisted of 
139 patients who had both of their defects closed. Indeed, there was a decreasing 
incidence of IH across groups (71.4% vs. 48% vs. 42.9%, respectively), however 
the authors documented an inversely increasing incidence of adhesions (21.4% in 
group 1 vs. 48% in group 2 vs. 57.1% in group 3), a phenomenon which negated 
the beneficial effects of closing the defects. This article raised a heated discussion, 
with authors commenting that these results could be attributed to confounding 
factors, technical issues, and lead time or follow-up bias [38–41]. Another impor-
tant factor that needs to be taken into consideration is the risk of reopening of the 
mesenteric defects, presumably due to rapid weight loss and loosening of the mes-
enteric sutures, as it has recently been stressed out by Lazaridis et al., underlining 
that it may affect almost half of the cases in the long run despite routine closure 
[42]. Thus, the question should not be whether the mesenteric defects should be 
closed, but what should be the optimal method of closure (loose running sutures 
vs. tight approximation with barbed sutures, the place of biocompatible glues, the 
benefits of endoscopic suturing devices etc.) [36, 41, 43].

Given the variability of outcomes regarding IH post-RYGB, which is partly 
attributable to the large variation in IH definition, and in an attempt to homog-
enize data and reporting, two main classification systems have been developed 
[44]. The one is AMSTERDAM classification proposed by Geubbels et al. and is 
based on purely clinical criteria (presence of IH, presence of other pathology, 
remission of complains post-laparoscopy, etiology of symptoms) [45]. The other 
is the SDL (space - direction - limb) classification system, and, as indicated by the 
acronym, the criteria include predominantly anatomical definitions: P (Petersen’s) 
and/or B (Brolin’s) regarding space; L (right-to-left) or R (left-to-right) regarding 
direction; and A (alimentary), B (biliopancreatic), C (common channel), and/or 
E (entero-enterostomy/emergency), regarding limb [46]. A detailed analysis of 
these classification systems is beyond the scope of this chapter, nevertheless their 
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implementation could benefit standardization and this in turn would result in 
research and practices of higher quality.

2.3 Diagnostic aspects

The diagnosis of IH post-RYGB is notoriously challenging, because the symp-
toms may be non-specific and the patient may have been experiencing them over a 
long period. A high index of suspicion should be kept in any post-bariatric patient, 
particularly during the first 1–3 years postoperatively and in cases of massive or 
excessive weight loss. Imaging studies may be helpful especially during exacerbations 
of symptoms. Even in this case, the differential between IH and adhesions may be dif-
ficult. Moreover, in up to 20% of patients with IH, imaging studies are non-diagnostic 
or even normal.

In the seminal study by Higa et al., the cases of frank bowel obstruction consti-
tuted 52.3% of IH cases, followed by non-specific abdominal pain (41.3%), whereas 
a striking 6.3% of patients were totally asymptomatic [19]. In the other seminal study 
by Paroz et al., all patients with IH had experienced colicky pains, both in the elective 
and in the acute setting, whereas only 20% had nausea and/or vomiting in the elec-
tive setting, in contrast to 50% of patients with IH presenting acutely [20]. In a more 
recent study, acute abdominal pain was the first manifestation of IH for 75.7% of 
patients, followed by chronic abdominal pain (16.2%), and ischemic bowel necrosis 
(8.1%) [21]. In a recent study by Tartamella et al., the clinical features that differed 
significantly between IH cases (IH) and positive controls (PC) were the quality of 
pain (colicky: IH 31%, PC 19%, p 0.008, continuous: IH 69%, PC 12.5%, p 0.024), 
the intensity of pain according to the visual analogic scale (mean value for IH 8.9, 
mean PC 6.2, p 0.0049), and the use of analgesics (IH 100%, PC 18.7%, p < 0.0001) 
[47]. Most importantly, there was a significant correlation between excess weight loss 
(EWL) at 3 months postoperatively and occurrence of IH after RYGB as compared 
to controls (p 0.002). The difference in correlation with EWL between IH cases and 
controls was dampened over time.

The clinician is advised to pay attention to details, as this may facilitate the origin 
of IH. Internal herniation of the biliopancreatic is expected to manifest as closed-loop 
syndrome, with a distended gastric remnant and possibly referred left shoulder pain 
secondary to irritation of the diaphragm, tachycardia, or eructation [44]. Conversely, 
obstruction of the alimentary (Roux) limb may lead to clinical presentation more 
typical of SBO (nausea, vomiting, retention of gas and feces). Laboratory tests 
should also be critically appraised, as an elevation of amylase or lipase (in the range 
of hundreds instead of thousands) may falsely direct diagnostic rationale toward 
pathologies of pancreatic or biliary origin [44].

Imaging with CT scan may be a useful adjunct in the diagnosis of IH. There is a 
constellation of eponymous and characteristic imaging findings: mesenteric swirl, 
which carries great variability in terms of sensitivity (61–100%) and specificity 
(67–94%), and also depends on the degree of swirling (<90o practically precludes IH, 
whereas >270o is diagnostic in almost 100% of cases); the mushroom sign; the eye of 
the storm; a collapsed Roux limb anterior to a dilated loop of small bowel; an intestinal 
loop anterior to the superior mesenteric artery; a jejuno-jejunostomy located to the 
right of the midline; a tassel of intestinal loops aggregated in a specific space within 
the abdominal cavity; remarkable dilatation of the stomach with gastric content 
(in cases of IH involving the Roux limb); and so forth. In a retrospective review of 
594 patients who had undergone antecolic RYGB, Al-Mansour et al. showed that 
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mesenteric swirl was the most prevalent finding (55.6%), followed by bowel dilata-
tion/obstruction (25%), mesenteric edema, and free abdominal fluid (11.1% each) 
[21]. Interestingly, in 16.7% of patients no abnormal sign could be retrieved.

Recently, a panel of experts issued a bundle of guidelines, based on the Operative 
management in Bariatric Acute Abdomen (OBA) Survey outcomes (the OBA guide-
lines) [48]. Most recommendations are based on low quality of evidence, nevertheless 
this is one of the first comprehensive attempts and could be utilized as a roadmap 
for future research and care pathways. According to the OBA guidelines, tachycar-
dia ≥110 bpm, fever ≥38°C, hypotension, respiratory distress with tachypnea and 
hypoxia, and decreased urine output, altogether constitute alarming clinical signs 
in patients presenting with acute abdominal pain and a previous history of bariatric 
surgery. Additionally, persistent nausea and vomiting are alarming clinical signs for 
IH, volvulus, and gastrointestinal stenosis, among other entities. They also state that 
the most common clinical presentation of IH post-RYGB is acute onset, crampy/
colicky epigastric pain. Besides, the triad of persistent epigastric pain, pregnancy, and 
a history of RYGB should prompt further evaluation for IH. Regarding lab investiga-
tions, there is no diagnostic biological marker, but high CRP and leukocytosis may 
serve as predictors of abdominal emergencies in general post-RYGB. Finally, the use 
of contrast-enhanced CT with oral contrast is strongly recommended, whenever 
possible and in suitable patients (i.e. non-pregnant, hemodynamically stable). 
Nevertheless, no investigation should delay surgical exploration in the presence of 
high index of suspicion and alarming clinical symptoms and signs, regardless of the 
findings of imaging studies.

2.4 Management

The cornerstones of treating IH after bariatric surgery are a high index of clini-
cal suspicion based on a detailed history and prompt reduction of an incarcerated 
internal hernia before bowel ischemia settles in. It is also very important to determine 
which operation has been performed, because, for instance, RYGB is much more 
likely to be associated with IH as compared to sleeve gastrectomy.

A critical decision that the surgeon is called to make is the operative approach. 
In a cohort of 166 patients, Ianelli et al. reported laparoscopic access in 142 cases 
(85.5%) versus open in 24 cases (14.5%). Henceforth, the majority of published series 
of explorations for IH have implemented the laparoscopic approach. This is reflected 
in the recent OBA guidelines as well, which dictate exploratory laparoscopy in the 
first 24–48 hours in stable patients with abdominal pain and inconclusive clinical 
and radiological data [48]. Furthermore, exploration should proceed in a systematic 
distal-to-proximal fashion [ileo-cecal valve→ jejuno-jejunostomy→ mesojejunal 
space→ Petersen’s space→ transverse mesocolon (in cases of retrocolic RYGB)→ 
remnant stomach] [48]. If an IH is found, the next step should be the assessment of 
the viability of the involved bowel. In cases of ischemic necrosis, the least possible 
enterectomy should be undertaken, followed by anastomosis of well-perfused bowel 
ends. A useful adjunct for assessing the viability of the remnant bowel could be 
Indocyanine (ICG) Fluorescence Angiography, although the doses, timing, and routes 
of administration have not been standardized yet. Closure of all mesenteric defects 
with non-absorbable sutures (running or interrupted) is sine qua non.

The flowchart in Figure 4 summarizes the general principles of IH management 
following RYGB in the form of an algorithmic flowchart.
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2.5 Internal hernia following bariatric surgery other than RYGB

Although RYGB is the bariatric operation most associated with IH, it is not the 
only one. There have been reports of IH following Biliopancreatic Diversion with 
Duodenal Switch (BPD-DS), one-anastomosis/mini gastric bypass (OAGB/MGB), 
and single anastomosis duodeno-jejunostomy with sleeve (SADI-S). There have also 
been counter-intuitive associations of IH with bariatric operations such as Adjustable 
Gastric Band (LAGB) and Greater Curvature Plication (LGCP). Relevant reports 
are expected to multiply in the future, as new techniques arise and as the number of 
reoperations increases.

OAGB/MGB is a simplified version of RYGB, in the context of which one anas-
tomosis (and consequently one defect) is spared. The first report of IH post-OAGB/
MGB was published in 2016 [49]. In 2017, Carbajo, the inspirer of OAGB, reported an 
incidence of 0.26% regarding SBO and 0% regarding IH in his series of 1200 OAGB 
cases [50]. One year later, however, Kamal Mahawar stressed out that IH post-OAGB/
MGB may be more common than previously reported [51]. Indeed, OAGB/MGB has 
less defects than RYGB, but Petersen’s hernia may occur. More recently, the analysis 
of a large series of 3368 consecutive OAGB patients yielded an incidence of IH as high 

Figure 4. 
A proposed algorithm outlining the principles for managing internal hernia after Roux-en-Y gastric bypass. 
Key: RYGB – Roux-en-Y gastric bypass; pt. – Patient; IH – Internal hernia; FAST – Focused assessment with 
sonography for trauma (bedside assessment for free intra-abdominal fluid).
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as 2.8% [52]. This is particularly important, in view of the fact that OAGB/MGB is 
continuously gaining ground over RYGB as being technically more feasible, safer, and 
equally effective with regards to weight loss and remission of associated disease.

If OAGB is a simplified version of RYGB, then SADI-S is a simplified version of 
BPD-DS. Classical BPD-DS is nowadays performed rarely, because, despite its excel-
lent bariatric outcomes, it was accompanied by a multitude of long-term complica-
tions principally owing to malabsorption and micronutrient deficiencies. However, it 
is not that rare for a surgeon to come across an old case of BPD-DS, or for a bariatric 
surgeon to implement BPD-DS as a revisional procedure for insufficient weight loss or 
weight regain. Summerhays et al. presented a case of IH after revisional laparoscopic 
loop DS [53]. The patient presented on the 64th postoperative day with mid- and 
left-sided abdominal pain and the CT scan revealed non-specific findings. Upon 
exploratory laparoscopy, the authors noted an 180o counterclockwise twist of the 
duodenal ileostomy, which caused rolling of the entire afferent limb underneath the 
anastomosis and over the right side of the abdominal cavity. More recently, Al-Tai 
et al. published a series of 121 DS operations (92 standard DS and 29 SADI-S) [54]. 
The incidence of IH was 5% (6 patients), all cases belonging to the group of standard 
DS with the mesenteric defects having been left open at the index operation.

IH after non-bypass procedures is even less common, but the incidence is not null. 
Hamed et al. gleaned the published literature of IH secondary to tubing problems, 
i.e. intestinal loops tangled around the gastric band, leading to IH, strangulation, and 
volvulus [55]. Besides, gastro-gastric herniation is a well-documented complication 
following LGCP [56, 57]. In this case, there is segmental herniation of the gastric wall 
between plication sutures secondary to increased intraluminal pressures. The take-
home message is that IH may complicate any bariatric operation that may potentially 
lead to the creation of anatomic spaces.

3. Abdominal wall hernia complicating metabolic bariatric surgery

The main focus of this section shall be Trocar Site Hernias (TSH – Figure 5A). 
According to a meta-analysis of 22 studies, the pooled median prevalence of TSH 
after laparoscopic surgery is 0.5% (range 0–5.2%, 95% CI 0.3–0.9) [58]. Obesity itself 
is commonly considered a predisposing factor for TSH, but the evidence is conflicting 
[59, 60].

TSH is a true yet underestimated complication after MBS, according to most 
authors. The first thing one needs to determine is the definition of TSH. Clinical 
symptoms may be feeble, vague, or even absent and clinical examination is notori-
ously misleading in post-bariatric individuals, for reasons of altered anatomical 
correlations, lipodystrophy of the subcutaneous adipose tissue, skin shagging, etc. 
In a recent study, Karampinis et al. attempted to systematize the diagnosis of TSH 
by means of Ultrasonography (USG), in a single-center cohort of 365 patients who 
had been operated over a 10-year period [61]. The incidence of TSH detected by USG 
in this series was 34%. Even though USG is a non-invasive, reproducible method 
without exposure to radiation, its implementation as a screening tool in this setting 
may lack cost-effectiveness and feasibility due to suboptimal adherence to follow-up 
on behalf of the patients. The same group of authors had performed a systematic 
review and meta-analysis one year earlier and found a pooled TSH incidence of 3.22% 
(range 0–39.2) among 68 studies that had met the inclusion criteria [62]. Overall, this 
evidence shows that THS may be much more common than originally thought.
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Given the high incidence of TSH post-MBS and the sequelae this may potentially 
have, the area of debate that naturally follows is whether the trocar sites should be 
closed or not. Port site closure refers to fascial closure. In general, small port sizes are 
less likely to be associated with TSH. Conversely, according to a recent international 
Delphi consensus, the panel provided strong recommendation for closure of all 
15 mm port sites and advised considering fascial closure for 10–12 mm ports [63]. 
Additionally, they recommended against drain placement through ≥10 mm sites, 
because this practice increases the risk of TSH after removal of the drain [63]. Beyond 
diameter, the type of trocars may also play its role. Bladeless trocars are thought to 
be associated with less risk of TSH compared to cutting ones, nevertheless there has 
been evidence that challenges this statement [64, 65]. Specifically regarding bariatric 
surgery, in a series of 624 procedures without fascial closure, Pilone et al. reported a 
TSH prevalence of 1.6% [66]. For LSG and BPD (totally 82 procedures) they used two 
5 mm trocars and three 10–12 mm, whereas for LAGB (542 procedures) they used two 
5 mm trocars, one 10–12 mm trocar, and one 15 mm trocar. Furthermore, in a meta-
analysis of 36 relevant studies, the incidence for TSH after RYGB was 0.4% for fascial 
non-closure and 1.1% for closure (p < 0.05), the respective figures after LAGB were 
0.4% versus 0.8% (p 0.54), and the overall TSH incidence was 0.4% vs. 1% (p < 0.05) 
[67]. More recently, in the meta-analysis of Karampinis et al., the incidence of TSH 
after weighting the included studies was 1.13% for fascia closure versus 0.77% for 
no closure, but this difference was statistically non-significant [62]. Analyzing their 
own series one year later, the same authors confirmed a non-significant difference in 
the incidence of TSH between fascial closure and non-closure (37% vs. 34%, p 0.37), 
with the additional disadvantage of a statistically significant elongation of operative 
time in the fascial closure arm [61].

Basta et al. developed a risk-stratification predictive model for TSH based upon 2161 
bariatric operations with a total TSH incidence of 2.4% [68]. This study highlighted 

Figure 5. 
A. a case of trocar site hernia (TSH) 1.5 year following single-incision sleeve gastrectomy (SILS-LSG). B. In the 
same patient, hiatal hernia (HH) was found incidentally during laparoscopy. This is considered a large defect of 
approximately 4 cm. Notably, the patient did not report any acid reflux symptoms preoperatively. Dashed lines 
indicate the contour of the gastric sleeve. The asterisk signifies the hepatogastric ligament, within which the course 
of left gastric vascular axis is clearly visible. The arrowhead points at a suture remnant that had been used to 
imbricate the staple line at the index operation.
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the following risk factors: open approach (hazard ratio [HR] = 10.3), malnutrition 
(HR = 3.10), prior abdominal surgery (HR = 2.89), and BMI >60 Kg/m2 (HR = 2.60). The 
patients were stratified into low-, moderate-, and high-risk accordingly. The incidence 
of TSH in the low-risk group was 0.6%, whereas the respective incidence in the high-risk 
group was 15.2%. Such models need further clinical validation, which will confirm their 
usefulness for preventing TSH as adjuncts in the decision-making process.

Among the factors predisposing to hernia, obesity has been recognized as one of 
the most consistent ones, resulting in an increased risk for both primary and inci-
sional hernia [69]. A detailed reference to Abdominal Wall Hernia (AWH) repair in 
the context of MBS is beyond the scope of this chapter, nevertheless we shall provide 
a general outline for the purpose of comprehensively covering the topic of hernia 
post-MBS. According to a recent comprehensive review by Vilallonga et al., when 
obesity and AWH co-exist there are 3 options regarding operative strategy [70]:

• First perform the MBS (with or without reduction of the hernia contents) and 
then proceed to AWH repair. Interestingly, the risk of SBO in case of reduction 
might be as high as 35.7% [71], whereas without reduction the respective risk is 
0–5% [72].

• First perform AWH repair and then proceed to MBS. Beyond the technical dif-
ficulties that this approach may present, there is also an increased risk of surgical 
site infection (2–26%) and recurrence (5.5–44.4%), depending on the timing of 
the bariatric operation.

• Perform AWH repair and MBS simultaneously. The advantage of this single-
stage approach is that the anesthetic risk is minimized. From a technical point 
of view, hernia repair in this context can be done in 3 different ways: If primary 
closure of the hernia defect is performed, the risk of SBO is 2.6%, while the risk 
of recurrence is as high as 25.7% [73]. If a synthetic mesh is applied, the risk of 
SBO minimizes to 0–0.6%, and this is also true regarding recurrence (0.6–6.6%) 
[74, 75]. Finally, if a biological mesh is implemented, the risk of SBO practically 
disappears, whereas the risk of recurrence is 14.3%.

According to a consensus joint statement issued by the American Society for 
Metabolic and Bariatric Surgery (ASMBS) and American Hernia Society (AHS) in 
2018, management should depend on whether both obesity and AWH are amenable 
to laparoscopic repair [69]. If they are, then a combined approach is recommended, 
whereas if they are not, a staged approach is encouraged, where weight loss should 
take place before AWH repair, either surgically or non-operatively (very low/low-
calorie diet, lifestyle modifications, pharmacotherapy, endoscopically). This will 
presumably render the patient fit for hernia repair surgery, while minimizing peri-
operative risk and optimizing postoperative outcomes at the same time. In any case, 
further research is necessary, given that relevant evidence is still weak, based primar-
ily on retrospective study designs.

4. Hiatal hernia following metabolic bariatric surgery

Hiatal Hernia (HH) after MBS is the least studied category, and the main reason 
is the lack of concrete definition. One must be very careful when evaluating the 
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incidence of HH after MBS, in that it should be clear whether HH pre-existed bariat-
ric surgery or it is a true case of de novo HH post-MBS. This is particularly relevant in 
view of the fact that obesity is an independent risk factor for HH and that the preva-
lence of HH in individuals living with obesity is as high as 40% [76, 77]. Preoperative 
diagnosis of HH is strongly recommended by experts, with routine upper gastrointes-
tinal endoscopy plus manometry in selected patients with positive screening demon-
strating a sensitivity of 100% for diagnosing HH and a negative predictive value of 
95% [78, 79]. Besides, although HH and Gastroesophageal Reflux Disease (GERD) 
are closely interconnected, they should not be used interchangeably. Consequently, 
clinical symptomatology and ensuing diagnosis of HH may not be straightforward, 
both in the pre- and the post-MBS setting.

4.1 Hiatal hernia and sleeve migration following sleeve gastrectomy

Saba et al. attempted to map the incidence of de novo hiatal hernia following LSG 
in a cohort of 74 patients [80]. HH was defined surgically by measuring the crura 
after the completion of LSG. HH was present at the time of surgery in 37 patients 
(72.5%), whereas only 24 patients (47.1%) had been diagnosed with GERD preopera-
tively. GERD was documented in 56.8% of patients with HH versus 21.4% of patients 
without HH (p 0.01). HH post-LSG was observed in 60% of patients with a follow-up 
of <18 months, whereas the respective prevalence in patients with >18 months of 
follow-up was 80% (p 0.02). In other words, the risk of developing HH after LSG 
increased over time. More recently, Almutairi et al. published a series of 142 post-LSG 
patients who were followed up for 24 months [81]. Interestingly, the incidence of 
GERD was 33.1%, whereas that of de novo HH was only 3.5%. Figure 5B depicts one 
such case of de novo HH post-LSG.

An entity closely associated with HH, which is recognized with increasing fre-
quency after LSG, is Intrathoracic (or trans-hiatal) Sleeve Migration (ITSM) [82–84]. 
Termine et al. published their experience with ITSM in a series of 1954 post-LSG 
patients with a minimum follow-up of 24 months [85]. The incidence of ITSM was 
7% within a mean period of 24.16 ± 13.6 months. Patients with GERD due to ITSM 
who did not respond to conservative treatment were converted to RYGB with pos-
terior cruroplasty (n = 15, 16%). Most importantly, surgeons are advised to keep a 
high index of suspicion, as this complication may present in the acute setting, in the 
immediate and short-term postoperative period (within 2 weeks of LSG) [84–86]. 
Clinical presentation may range from intolerance of oral intake, nausea, and vomit-
ing to a dramatic symptomatology of gastric incarceration, with severe dehydration, 
electrolyte disturbances, and sepsis.

4.2 Hiatal hernia after Roux-en-Y gastric bypass

The evidence on HH post-RYGB is based on case reports and case series, among 
which the largest one includes 7 patients [87–90]. In this context, HH constitutes 
a late complication, with patients presenting 2–14 years following the index RYGB 
procedure. Several mechanisms have been proposed to contribute to this condition, 
including rapid weight loss after MBS which is associated with relaxation of the 
phrenoesophageal ligament of Laimer and widening of the hiatus, creation of a 
large pouch with an ensuing higher intragastric pressure, extended dissection of 
the cardia and the left crus, or a small pre-existing hernia that enlarges over time 
[90–92].
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4.3 Hiatal hernia after gastric banding

In the section of internal hernia (§ 2.5), we mentioned published cases of visceral 
entanglement around adjustable gastric bands. Another relevant complication of 
gastric banding is worth mentioning in this section, that of gastric necrosis due 
to paraesophageal (type II) hernia [93]. In this case report, it is not clear whether 
the gastric band was responsible for the herniation itself or contributed only to the 
inability of the stomach to resume its anatomical position within the abdominal cav-
ity. In any case, no generalizations can be made on the basis of one case report. On the 
other hand, a high index of suspicion should be reserved in all post-bariatric patients, 
regardless of the specific type of operation.

5. Conclusions

Hernia after metabolic bariatric surgery is a heterogeneous group of complica-
tions. Based on bibliographic records, internal hernias are the most common. 
Regarding internal hernias, the closure of all defects after Roux-en-Y gastric bypass 
is highly recommended. With the advent of one-anastomosis gastric bypass the 
risk for internal herniation is lower but not null. For trocar site hernia prevention, 
fascial closure has not proven its advantage over non-closure. Lastly, regarding 
hiatal hernia, its documentation before any bariatric operation is of paramount 
importance, for this is the only way to distinguish between pre-existing and de 
novo hernias.
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Chapter 7

Hiatal Hernia Surgery
Igors Ivanovs

Abstract

Hiatal hernia is a protrusion of abdominal organs through enlarged esophageal 
hiatus. Hiatal hernia is a relatively common pathology but, in most cases, it remains 
asymptomatic. Four types of hiatal hernia exist. Type I or sliding hernia, type II or 
true paraesophageal hernia, type III or mixed hernia and type IV or giant hernia. 
Diagnosis of hiatal hernia usually is done by upper endoscopy and upper gastroin-
testinal (GI) barium examination. Treatment of hiatal hernia type I coincides with 
concomitant gastroesophageal reflux treatment, while treatment of hiatal hernia 
type II, III and IV is mainly surgical. The surgical approach to repair hiatal hernia 
could be either transabdominal or transthoracic. Currently, laparoscopy is the best 
method for hiatal hernia repair. Surgery consists of two main steps: hiatal hernia 
plasty and fundoplication. Despite modern technologies the recurrence rate in 
large hiatal hernia repair remains high, therefore reinforcement of the diaphragm 
with mesh is recommended. There are controversies about the materials and 
 techniques used.

Keywords: hiatal hernia, paraesophageal hernia, diaphragmatic hernia, fundoplication, 
laparoscopic surgery

1. Introduction

Hiatal Hernia (HH) is a protrusion of abdominal organs into the thoracic cavity 
through an enlarged esophageal hiatus. Most HH are asymptomatic, therefore the 
exact incidence of HH is difficult to determine. It is estimated that HH prevalence in 
western populations is about 15 to 20% [1]. Risk factors for HH are obesity, elevated 
intra-abdominal pressure and increasing age. The pathogenesis of HH is still not very 
clear [2]. Four types of HH are defined by gastroesophageal junction (GEJ) and stom-
ach localization. Type I or sliding hernia when GEJ “migrates or slides off” into the 
mediastinum, type II or true paraesophageal hernia—when GEJ is intra-abdominal, 
but stomach fundus is above diaphragm, type III is mixed hernia—the combination 
of the previous two types and type IV is giant hernia. Type I (sliding) of HH is the 
most common type, involving about 90–95%. HH type I is mostly asymptomatic. If 
symptoms exist, they coincide with concomitant Gastroesophageal Reflux Disease 
(GERD) symptoms. Treatment of HH type I is based on GERD treatment and indica-
tion for surgery depends on GERD. HH type II, III and IV are Paraesophageal Hernias 
(PEH) and are more dangerous than type I because of the possibility of strangulation. 
They are estimated to occur in only 5–10% of all HH cases [3]. Symptoms of PEH are 
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connected not only with GERD symptoms, but also with the hernia volume effect on 
intrathoracic organs—the respiratory system, cardiovascular system and the esopha-
gus. The patient could complain of dysphagia, dyspnea, or arrhythmias etc. However, 
many PEH are without symptoms—it is estimated that only about 50% of PEH are 
symptomatic [4]. Surgery is usually indicated in symptomatic PEH. Laparoscopic 
transabdominal access is currently the best option for HH repair. Even huge PEH can 
be operated laparoscopically with good results, controversies exist regarding surgical 
methods and materials. This chapter summarizes the latest information about surgical 
treatment of HH.

2. Classification

Hiatal hernias (HH) are divided into four types:
Type I (sliding HH) – characterized by displacement of the gastroesophageal junc-

tion (GEJ) > 2 cm above the diaphragm (Figure 1).
This type of HH is seen most in clinical practice.
Type II (true paraesophageal hernia) – is characterized by a defect in the 

Phrenoesophageal Membrane (PEM) where the gastric fundus migrates above the 
diaphragm. In this pathology, the GEJ remains in its correct intra-abdominal position 
(Figure 2).

Type III (mixed paraesophageal hernia) – is characterized by a combination 
of both previous types—type I and type II. In this situation, both the GEJ and the 
gastric fundus (or body and even antrum—depending on HH size) migrate above the 
diaphragm into the thoracic cavity (Figure 3).

Type IV (giant paraesophageal hernia) – is characterized by a large defect in the 
PEM, where not only is the stomach located above the diaphragm, but also other 
intra-abdominal organs (e.g., the colon, spleen, pancreas and small intestines etc.) 
(Figure 4).

Types II, III and IV are also named as paraesophageal hernias (PEH). HH type I 
and PEH differ in clinical presentation, complications and in management.

Figure 1. 
Hiatal hernia type I. GEJ (red) is above the diaphragm.
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Figure 2. 
Hiatal hernia type II. GEJ (red) is below the diaphragm.

Figure 3. 
Hiatal hernia type III.

Figure 4. 
Hiatal hernia type IV.
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3. Clinical presentation

3.1 Sliding hiatal hernia (type I)

HH type I is often asymptomatic and found incidentally. If symptoms exist, they 
are associated with symptoms of GERD and could be categorized into typical and 
atypical symptoms.

Typical symptoms are heartburn, regurgitation, water brush, chest pain, dyspha-
gia, belching and bloating. The most common signs are heartburn and regurgitation. 
Heartburn is described as a retrosternal burning sensation and refers to most specific 
symptoms of GERD. Regurgitation is described as food or gastric juice coming up 
from the stomach. GERD could cause erosions and ulcers in the esophagus. Chronic 
inflammation led to peptic strictures and Barrett’s esophagus (when normal esopha-
geal epithelium is replaced with metaplastic columnar cells). Patients with Barrett’s 
esophagus have a higher risk of esophageal cancer development.

Atypical or extra-esophageal symptoms are hoarseness, throat pain, chronic 
cough, shortness of breath, asthma and dental erosion. The main reason for respira-
tory extra-esophageal symptoms is microaspiration of gastric content during reflux 
episodes. Dental erosions are the result of chemical irritation of the enamel by gastric 
acid [5]. Extra-esophageal symptoms are much more difficult to identify and diag-
nose because they could also have other causes, such as from pulmonary, dietary, or 
allergic conditions. Moreover, extra-esophageal symptoms do not often decrease with 
proton pump inhibitor therapy and can lead to other complications [6]. Therefore, if 
such symptoms cannot be explained by other pathology than GERD, it is an indication 
to proceed with surgical treatment.

3.2 Paraesophageal hiatal hernias (type II, III, IV)

PEH can be asymptomatic and have intermittent or constant symptoms. Most 
common symptoms of PEH are postprandial retrosternal pain, epigastric pain, full-
ness, retching, nausea, regurgitation. On the other hand, specific GERD symptoms 
like heartburn are less common. Compression of the mediastinum by an intratho-
racic stomach can cause cardiac dysfunction—e.g., arrhythmias and respiratory 
dysfunction—dyspnea.

PEH can lead to acute problems due to mechanical obstruction in the stomach. The 
most common of such complications are:

Gastric volvulus – which occurs with large hiatal hernias, and can cause dysphagia, 
obstruction and even strangulation of the stomach with necrosis. Clinical signs are 
severe acute retrosternal or epigastric pain and vomiting [7].

Bleeding – usually from gastric erosions or ulcers caused by mechanical compression 
of the diaphragm. This pathology has a specific term—Cameron Lesions. A Cameron 
Lesion is an ulcer, localized to the gastric body mucosa in patients having PEH. It can 
cause acute upper GI bleeding or chronic GI bleeding with iron-deficiency anemia [8].

4. Diagnostic workup

The main option for HH diagnosis is barium swallow (Figure 5). This method 
provides the highest rate of hiatal hernia detection [9]. The method is very useful in 
clinical practice because of its simplicity and wide accessibility.
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Other diagnostic options include upper gastrointestinal (GI) endoscopy, 
Computed Tomography (CT), manometry and pH-metry.

Upper GI endoscopy is the obligatory diagnostic tool prior to hiatal hernia sur-
gery. It provides visualization of mucosa in the esophagus and stomach, evaluation 
of possible lesions and defects. Biopsy helps to differentiate benign and malignant 
lesions as well as dysplasia or metaplasia. Unfortunately, recent studies show that 
upper endoscopy has less sensitivity for HH diagnosis and false positive results lead to 
overdiagnosis because of stomach distention during endoscopy [10].

Computed tomography is a good option to evaluate anatomical landmarks, size 
and position in PEH (Figure 6). CT images allow access to other pathologies outside 
PEH—e.g., masses in the thoracic and the abdominal cavity. CT helps to differenti-
ate PEH from other pathologies, especially in symptomatic hernias. Although CT is 
not involved in standard workup, it is frequently used as an additional option prior 
to surgery [11]. CT may be especially useful in emergencies and for patients having 
suspected complications. In sliding HH, CT has limited additional information and is 
not routinely used.

High-Resolution Esophageal Manometry (HRM) uses a high-resolution catheter 
to measure intraluminal esophageal pressure. This method shows high sensitivity 
for HH diagnosis and helps to evaluate esophageal motility [12]. HRM plays a par-
ticularly crucial role prior to surgery in planning types of surgical treatment. HRM 
can be used to rule out motility disorders such as achalasia, which can mimic reflux. 
Unfortunately, this method is not generally available in clinical practice as HRM 
equipment is less accessible.

PH-metry is based on sensors placed in the esophagus. These sensors detect pH 
changes during a 24-hour period. This helps to detect and calculate acid refluxes in a 
24-hour period, as well as to understand the connection between clinical symptoms and 
refluxes. PH-metry, before surgery, helps to differentiate “real” GERD from other similar 
conditions and avoid unnecessary operations. Recently a new method of Multichannel 
Intraluminal Impedance pH-metry (MII-pH) has been developed. Reflux monitoring 

Figure 5. 
Barium swallow shows large PEH with intrathoracic stomach localization.
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using MII-pH technology is a relatively new technique and is currently considered 
the “gold standard” for GERD diagnosis. The movement of intraesophageal fluids is 
detected by MII-pH by measuring differences in electrical conductivity. Thus MII-pH 
can detect both acid and non-acid refluxes [13]. As GERD is frequently combined with 
HH type I, this method is used for the standard diagnostic workup in HH type I. In HH 
type II, III, IV, reflux symptoms are less common. Consequently, the significance of 
MII-pH in PEH is reduced, as negative results do not change the management procedure.

5. Medical management

Treatment of GERD with sliding HH (type I) is mostly conservative and based 
on diet, lifestyle changes and medical therapy. The objective of this chapter is not to 
review principles of medical treatment. Readers are referred to other sources regard-
ing this topic. Our goal is to review the principles of surgical therapy in HH.

6. Surgical management

6.1 Indications for surgery

6.1.1 Sliding hiatal hernia (type I)

Asymptomatic sliding HH does not require specific therapy or surgical repair [14].
Surgical therapy for HH type I should be considered for:

1. Patients who have objective diagnosis of GERD (based on preoperative evalua-
tion) and have inadequate symptom control by medical therapy.

2. Extra-esophageal GERD complications (confirmed on preoperative evaluation 
and exuded other reasons).

Figure 6. 
Computed tomography of the PEH (3 projections). Most parts of the stomach are located above the diaphragm.
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3. Patients with GERD and severe peptic complications like recurrent esophageal 
ulcer, peptic stricture, Barrett’s esophagus.

4. Patients with adequate control of GERD symptoms, but request surgery to avoid 
long-term prescription and side effects of medications.

6.1.2 Paraesophageal hiatal hernias (type II, III, IV)

Asymptomatic PEH, even large, is not an absolute indication for surgery [14]. The 
patient’s age and comorbidities should be taken into consideration.

For such patients, the strategy called “watchful waiting” is reasonable, because 
the annual risk of strangulation is less than 2% [15]. However, elective procedures 
encounter much less mortality compared with emergency procedures which have an 
average mortality rate about 17% [15].

For symptomatic PEH, surgical therapy should be considered in all cases. Age 
should not be a barrier to repair symptomatic PEH [14].

6.2 Surgical approaches

There are three main surgical approaches for HH repair: laparoscopic (currently 
the best), open transabdominal, open transthoracic.

6.2.1 Laparoscopic approach

Laparoscopic HH repair has good postoperative results with low mortality and 
morbidity rate. Additional preferences of laparoscopy include shorter hospital stays, 
less postoperative pain and better cosmetic results. Nowadays laparoscopy is the 
preferred approach for most hiatal hernia repairs [14].

6.2.2 Open transabdominal approach

The open transabdominal approach has similar results with laparoscopy but has 
a higher morbidity rate and longer hospitalization. Based on this, an open approach 
is reserved for patients when laparoscopy is not possible or is technically challeng-
ing. Indications for open abdominal surgery include patients who have had multiple 
upper abdominal surgeries in the past, patients who cannot tolerate laparoscopy and 
for technical considerations (e.g., complicated PEH, emergency situations, lack of 
experience).

6.2.3 Open transthoracic approach

Open transthoracic approach involves the longest hospital stays, the greatest 
need for mechanical ventilation postoperatively and the greatest risk of pulmonary 
embolism [16]. The advantages of the transthoracic approach are better visualiza-
tion and greater ease of performing esophageal mobilization and the procedure for 
esophageal-lengthening. Given that, the open transthoracic approach is reserved for 
patients with large PEH (type IV) who are not candidates for transabdominal repair. 
However, in experienced hands, the laparoscopic transabdominal approach has been 
successful also with patients having giant PEH (type IV).
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6.3 Surgical techniques

Considering recommendations, the majority of HH should be treated laparo-
scopically. This chapter will address laparoscopic techniques. The principles of open 
surgery are similar.

6.3.1 Patient position and port placement

The patient is placed in a modified low lithotomy position. Attention should be 
taken to correct thigh position relative to patient body—thigh should be at the same 
level as anterior abdominal wall, not elevated above (Figure 7).

The surgeon stands between the patient’s legs. The reversed Trendelenburg 
position is used to facilitate exposure of the diaphragm and to displace the stomach 
inferiorly. Five ports are used in standard situations: the camera port is placed 1–2 cm 
to the left of the midline and 8–10 cm below the sternum. The second port is placed at 
the midclavicular line 2–3 cm below the left costal margin. Two additional 5 mm ports 
are placed. The fifth port could be placed in two different positions depending on the 
liver retractor. For a Fan Liver Retractor, port position is at the linea axillars anterior 
below right costal margin. For a Nathanson Liver Retractor, a small subxiphoid inci-
sion is performed (Figure 8).

There are four critical steps in laparoscopic HH repair [17] (Video 1):

1. Excision of the hernia sac.

2. Sufficient mobilization of the intrathoracic esophagus to restore it intra-abdominal 
length.

3. Repair of the diaphragmatic crura.

4. Fundoplication.

Figure 7. 
The Patient’s position for laparoscopic HH repair. The thigh is not elevated above the abdominal wall.
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6.3.2 Excision of the hernia sac

Dissection is started from the left or right diaphragmatic crus by dividing the 
phrenogastric membrane. The dissection is continued superiorly into mediastinum 
and the hernia sac is divided from mediastinal tissue. Short gastric vessels are divided 
to facilitate right crus dissection. A retroesophageal window is created and a drain is 
placed around the esophagus. This helps to retract the esophagus inferiorly and facili-
tate mediastinal dissection. After dissection, excision of the hernia sac is performed.

6.3.3  Sufficient mobilization of the intrathoracic esophagus to restore its intra-
abdominal length

Aggressive mediastinal dissection is crucial to achieve sufficient length of the 
intra-abdominal esophagus (at least 3 cm). During dissection, care should be taken to 
avoid damage to the vagal nerves. Incomplete mobilization of the esophagus can lead 
to constant tension in the hiatal region and recurrence of the problem. In most cases, 
sufficient length could be achieved by deep intrathoracic mobilization of the esophagus. 
The esophagus must be mobilized to the level of the inferior pulmonary veins. In rare 
cases, the achievement of sufficient length is not possible (short esophagus). In such 
situations Collis gastroplasty could be the optimal choice. This maneuver elongates the 
esophageal length by the creation of a tube from the cardia part of the stomach. Usually, 
proximal resection of the stomach is performed with staplers. The 52-French bougie is 
inserted in the esophagus before resection to attain an optimal neo-esophagus diameter.

Figure 8. 
Port placement (5 ports). Two ports (blue) could be placed in two different positions—Depends on liver retractor.
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6.3.4 Repair of the diaphragmatic crura

The crura are sutured together using non-absorbable sutures. It could be an 
interrupted suture or a continuous suture. The use of the continuous suture technique 
fits with principles of abdominal wall closure—the continuous small-bite technique 
[18]. The use of barbed continuous sutures helps to facilitate closure in large defects. 
Closure starts inferiorly where right and left crura join together and proceed supe-
riorly up to the esophagus. The 52-French bougie is placed in the esophagus and 
should pass easily after repair. Crus closure should not be very tight, so that the closed 
laparoscopic instrument could freely pass between the esophagus and the crura.

6.3.5 Prosthetic mesh for crura repair

A controversy exists about the use of mesh for crura repair. From one point of 
view, the only suture repair of PEH has a high radiology recurrence rate—up to 59% 
[19]. On the other hand, mesh implantation could lead to serious complications like 
mesh erosion and esophageal stenosis [20]. Different types of meshes exist on the 
market: synthetic non-absorbable, synthetic absorbable and biologic meshes.

Synthetic non-absorbable meshes are the most popular and differ in materi-
als, knotting structure and weight. A common feature of such meshes is that they 
remain as a foreign body around the esophagus, constantly causing massive fibrosis, 
which decreases the possibility of recurrence. However, extensive fibrosis can lead to 
esophageal stenosis. Mesh migration could cause mesh erosion in the esophagus, mesh 
infection, sepsis and mediastinitis. Mesh related complications have been reported to 
range from 1.3 to 20% [21]. To redo surgery in the presence of non-absorbable mesh is 
a very challenging procedure, even in experienced hands due to dense adhesions and 
fibrosis.

Biological meshes cause less extensive fibrosis, and fewer complications. No 
erosions in the esophagus have been reported after biological mesh implantation. 
This is because of complete mesh resorption after some time. In one study, a long-
term follow-up of 59 months showed no biological mesh related complications 
[22]. Unfortunately, the biggest disadvantage of biological meshes is the high rate 
of radiological recurrence—up to 54%, similar to that for sutured repairs [22]. This 
makes implantation of biological meshes questionable.

Synthetic absorbable meshes have short-term absorption (e.g., Vicryl ™) or 
long-term absorption (e.g., Phasix ™). Recently, slow absorbing synthetic meshes 
have appeared on the market (e.g., Phasix ™). Resorption times for these meshes are 
long—about 12–18 months. During this period the meshes cause dense fibrotic tissue 
to form, which should hold the diaphragmatic crura in desirable positions. On the 
other hand, the meshes will completely disappear with no foreign body formation. 
This means that esophageal mesh erosion or infection is not possible. In recent studies 
[23], these meshes show promising results in large PEH repair operations.

6.3.6 Fundoplication

Fundoplication is the procedure of creating a wrap with gastric fundus around the 
esophagus to make a one-way valve, that allows food passage to the stomach but does 
not allow reflux coming up to the esophagus. Fundoplication is an important part 
of the operation that improves the quality of life after surgery and decreases GERD 
symptoms.
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There are three main methods of fundoplication: posterior 360°—Nissen, poste-
rior 270°—Toupet and anterior 180°—Dor.

Posterior 360° fundoplication (Nissen fundoplication) is the most widely used 
type. To achieve a complete fundoplication and wrap the fundus around the esopha-
gus, the division of the short gastric arteries is performed. A mobilized part of the 
fundus is drawn posterior to the esophagus toward the right, so that it completely 
wraps around the esophagus and meets the left part of the fundus anteriorly. Both 
parts of the fundus are stitched together and also attached to the anterior wall of the 
esophagus with 3 permanent stitches. The length of complete fundoplication is about 
2–3 cm. The 52-French bougie is placed in the esophagus during fundoplication, so 
that the wrap should not be too tight.

Toupet fundoplication (posterior 270°) is a partial posterior fundoplication. The 
initial steps of this procedure are similar to Nissen fundoplication, with the difference 
being that fundus fixation is performed using stitches to the right and left walls of the 
esophagus, leaving the anterior wall free and creating a 270° wrap. For this method, 
usually 6 stitches are necessary (3 on each side).

Dor fundoplication (anterior 180°) is a partial anterior fundoplication. The 
initial steps are similar to posterior fundoplication, but mobilized fundus is wrapped 
anteriorly from the esophagus and fixed with stitches to the left and right walls of the 
esophagus. Anterior fundoplication is less physiological than posterior, because the 
Hiss angle is not created.

Both posterior fundoplications (Nissen and Toupet) have better long-term GERD 
symptom control than anterior fundoplication (Dor) [24, 25]. Dysphagia is the most 
common postoperative complication after fundoplication. Usually, it is transient 
and resolves after 3 months. In some studies, the incidence of dysphagia after Nissen 
fundoplication is as high as 70% [26]. Toupet fundoplication has less postoperative 
dysphagia when compared to Nissen fundoplication [27]. Another common complaint 
after fundoplication is inability to belch or vomit, including excess flatulence and 
abdominal bloating. These complaints were found in up to 60% of the patients and 
did not depend on type of fundoplication [28].

7. Adverse outcome and failure after hiatal hernia surgery

In most cases, failure of the fundoplication depends on 3 factors: wrong indica-
tions and preoperative workup, technical issues, or wrong postoperative workup.

7.1 Wrong indication and preoperative workup

In many cases, indication for HH type I surgery is relative. Based on this, preop-
erative workup plays an important role in patient selection for surgery. All complica-
tions and side effects should be taken into consideration before surgery. Objective 
studies of GERD—pH monitoring, manometry, upper GI endoscopy and barium 
swallow—are important to evaluate preoperative condition and make decisions for or 
against surgery. Sometimes, CT provides additional information about surrounding 
organs and helps to make correct diagnosis. Anamnesis and previous history of medi-
cal therapy are also important.

Obesity is an important factor influencing the result of HH surgery. It has 
been shown that obese patients have a higher risk of HH recurrence. In such 
cases, a decision could be made in favor of Roux-en-Y bypass with hiatoplasty as 
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a  primary operation. This surgery could solve both problems—decrease GERD 
 symptoms due to low acidity in redundant stomach and decrease the patient’s weight.

Tobacco usage is a well-known risk factor for hernia surgery failure. It causes 
wound and connective tissue healing problems, as well as chronic cough which leads 
to constant mechanical irritation of the repaired area. Therefore, nicotine addiction 
should be eliminated or reduced preoperatively.

PEH surgery is more complicated, takes a longer time and has more side effects. 
Moreover, many patients with large PEH are elderly and have multiple comorbidi-
ties. It is good to remember that asymptomatic PEH is not an absolute indication for 
surgery because severe complications like volvulus are rare [14]. In some complicated 
or acute cases, hernia reduction with gastropexy alone (without HH repair) could be 
a safe alternative for high-risk patients [29].

7.2 Technical issues

Hernia sac dissection is essential to release the tethering of the esophagus and 
achieve sufficient length of the abdominal esophagus. It is recommended to perform 
sac excision. However, in large hernias, it can be difficult. It can predispose vagal 
injury and lead to gastroparesis. For this reason, some authors advocate sac dissection 
without excision or with only partial sac excision [30].

Crural reinforcement with mesh in large PEH decreases short-term recurrence. 
Unfortunately, there is lack of long-term data for or against the use of mesh and about 
type of mesh [14].

Fundoplication plays an essential role in HH surgery and should be done routinely 
in all cases, except for morbid patients with gastropexy only [14]. Currently, posterior 
fundoplication has better outcomes when compared to anterior fundoplication in 
terms of symptom control. Posterior fundoplication is recommended in most cases.

7.3 Postoperative workup

Early postoperative vomiting, belching, or gagging suddenly increase intra-
abdominal pressure and are predisposing factors for recurrence. Aggressive treatment 
and prophylactic medications (e.g., ondansetron) in the early postoperative period 
are recommended for these factors [14].

Gastric distension and gastroparesis can lead to dangerous complications in the 
early postoperative period, especially after large PEH surgery. Placement of the naso-
gastric tube usually helps in most cases. Percutaneous endoscopic gastrostomy can be 
indicated sometimes. Gastric distension usually decreases spontaneously after a short 
time. In refractory cases, gastrojejunostomy or pyloroplasty could be the solution [31].

Early postoperative dysphagia is a common complication after HH surgery. 
Attention should be paid to slow diet advancement from liquids to solids. If dysphagia 
persists longer than 3 months and weight loss of more than 10 kg occurs, an interven-
tion for the dysphagia should be performed.

8. Recurrent hiatal hernia

Recurrence rates after HH surgery vary. We can distinguish symptomatic recur-
rence and radiologic recurrence. Radiologic recurrence is confirmed by a barium 
esophagogram. It shows HH larger than 2 cm above the diaphragm. Some sources 
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declare that radiologic recurrence after PEH repair is up to 59% [19]. In most cases, 
radiologic recurrence is asymptomatic or mild and does not require revisional surgery. 
However, in 5% of cases, symptoms are significant and intervention is needed [32]. 
In most cases, symptoms are dysphagia, regurgitation, nausea, burning, early satiety, 
chest pain or postprandial dyspnea. In some cases, mechanical pressure can lead to 
Cameron’s ulcer of the mucosa and bleeding.

Gastric motility should be taken into consideration before surgery. Poor gastric 
emptying and hypomotility could lead to gastrostasis, bloating, nausea and severe 
reflux. In these cases, gastric series with barium helps the diagnosis of the problem. 
Endoscopy with Botulinum toxin injection in the pylorus may decrease symptoms for 
3–6 months. The definitive therapy for this problem is pyloroplasty or another gastric 
drainage procedure (pyloric dilatation, peroral pyloromyotomy etc.) [33].

When surgical intervention is decided, thorough planning should be done. 
Revisional HH surgery is challenging. The surgical approach could be transabdominal 
or transthoracic. It depends on the surgeon’s experience and preference. Laparoscopy 
could be safely performed in most cases, however, dissection should be done with 
caution. Postoperative adhesions can lead to organ damage and are found in up to 
30% of cases [34]. Failure of pervious fundoplication is a common reason for recur-
rence. Thus, any previous fundoplication should be completely undone and then 
reconstructed. During reconstruction using the gastric fundus and not the gastric 
body is essential.

Obese patients with BMI > 35 kg/m2 should be advised for revision using the bar-
iatric procedure. It is known that obesity is an independent risk factor for HH recur-
rence. On the other side, Laparoscopic Roux-en-Y Gastric Bypass (LRYGB) decreases 
weight and gives good control over GERD symptoms [35]. Thus, revisional surgery 
combination with laparoscopic Roux-en-Y gastric bypass could be a preferred option 
for prevention of future recurrences. In addition, it is known that HH reconstruction 
in combination with LRYGB does not lead to increased morbidity and mortality in 
comparison with LRYGB alone [36].

9. Novel techniques in hiatal hernia surgery

Linx ™, a new mechanical device for GERD treatment was recently presented and 
approved [37]. The Linx ™ is constructed from biocompatible titanium beads with 
magnetic cores hermetically sealed inside. The bead can move independently and 
the diameter of this device changes during esophageal movements. So, patients can 
swallow and eat without any resistance but for reflux to occur, the intragastric pres-
sure should overcome the magnetic sphincter pressure. This is an alternative for the 
fundoplication procedure and could be used in small hiatal hernia surgery, as the only 
solution or as additional step after crural closure. This procedure is less invasive and 
less complicated than fundoplication. A study of the first 1000 implants worldwide 
showed 5.6% of cases needed endoscopic dilatation and 3.4% required reoperation. 
The main reason for removal of the devices was dysphagia and the recurrence of 
reflux [38]. Another study showed full thickness erosion of the esophageal wall and 
endoluminal penetration of the device in 1.2% of the patients, with medium-term 
follow-up of 48 months [39]. Based on this, the potential erosion rate could be higher 
in longer follow-up studies. This device implantation provides simple solution to the 
GERD problem in hiatal hernia surgery, but potential long-term complications of 
foreign body implantation limit the wider use of this device in clinical practice.
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10. Conclusion

HH is a widespread problem in western populations. Treatment is multidisci-
plinary and requires the involvement of many specialists. While management of HH 
type I is mostly conservative and based on diet, lifestyle changes and medical therapy, 
symptomatic PEH (HH type II, III, IV) treatment is surgical. Recent advances in 
minimally invasive surgery (i.e., laparoscopic surgery) have significantly improved 
the results of surgical procedures, however, many controversies still exist in HH man-
agement (e.g., sutured repair or mesh placement). The development of new materials 
and procedures, the standardization of guidelines and surgical methods will continue 
to improve treatment results and the quality of life for patients in the future.
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Chapter 8

Incarcerated Inguinal Hernia in the 
Elderly: Surgical Implication
Fabrizio Ferranti

Abstract

Inguinal hernia is a very common clinical condition, and its incidence is higher in 
elderly patients. Different factors are involved in the etiology of the disease, either 
congenital or acquired. Most inguinal hernias are asymptomatic but may develop 
complications such as incarceration. Diagnosis, in uncomplicated cases, is easy and 
based on physical examination. Imaging studies are helpful when the diagnosis is 
unclear, especially if bowel strangulation is suspected. Elective surgical hernia repair 
is considered the treatment of choice. However, in elderly patients with a high surgi-
cal risk, a watchful-waiting approach is advisable. The choice of surgical technique 
depends on the experience of the surgeon and the contamination of the surgical 
field. The classical approach is Lichtenstein open tension-free mesh repair, although 
laparoscopy has been proposed. The use of mesh in incarcerated inguinal hernia is 
disputed because of the increased risk of postoperative wound infection. General 
anesthesia is usually preferred in particular if bowel ischemia is suspected and intes-
tinal resection may be required. However, local anesthesia is expanding its indication 
since it provides effective anesthesia with less postoperative complications.

Keywords: inguinal hernia, incarceration, elderly patient, emergency hernia surgery, 
risk factors

1. Introduction

Inguinal hernia is a common clinical condition with a lifetime occurrence of 
27–43% in men and 3–6% in women [1, 2]. Its incidence is higher in elderly people 
due to conditions frequently associated with old age such as constipation, chronic 
obstructive pulmonary disease (COPD), and prostatism, which are considered risk 
factors for hernia formation [3, 4].

Inguinal hernia is generally asymptomatic, or minimally symptomatic in most 
patients [5], although in 5–15% of cases may complicate with incarceration [6, 7]. 
Moreover, around 15% of incarcerated inguinal hernias may evolve into bowel stran-
gulation, a life-threatening condition requiring intestine resection [8, 9].

Patients operated on for complicated hernia have poor outcomes with high 
postoperative complications and mortality, ranging from 6 to 43% [7, 10] and from 
1 to 7%, respectively [8, 11]. Therefore early diagnosis and prompt surgical repair 
are critical factors in improving the prognosis of these patients [12, 13]. In typical, 
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uncomplicated cases, diagnosis is easy and can be made by physical examination 
alone [14, 15]. However, if clinical features are doubtful and patients present symp-
toms referring to intestinal obstruction, imaging studies play an important role in 
clearing the diagnosis and in assessing the viability of incarcerated intestine [16–20].

Although inguinal hernia repair is one of the most common operations performed 
worldwide, with over 20 million operations per year [21], several methods of treat-
ment have been proposed including conservative approach (watchful-waiting 
strategy), manual reduction for incarcerated hernia, and, of course, surgical repair, 
either open or laparoscopic [22–25].

This chapter aims to describe the diagnostic process, highlight the importance of 
early detection of bowel ischemia, and summarize the treatment options, especially 
surgery, its indications, and results.

2. Epidemiology

Groin hernia is the most common abdominal wall hernia and includes inguinal 
and femoral types, with the former accounting for 96% of cases [2, 26]. The incidence 
of inguinal hernia is higher in males than in females, with male-to-female ratio of 9:1, 
whereas femoral type is more common in women [27, 28].

It is estimated that one-fourth of adult men in the United States have a recog-
nizable groin hernia that accounts for 4.7 million ambulatory visits annually [29]. 
Moreover, it is more common on right side and in 10% of cases is bilateral [15, 28, 30]. 
Inguinal hernia may evolve into incarceration with an estimated risk ranging from 
0.03–3% over a person’s lifetime [31–33]. Primary hernias are strangulated more than 
recurrent and the small ones more than the large hernias, with a ratio of 5:1 [12, 34].

Incarceration occurs more frequently during the first 3 months after the diagnosis, 
with no difference in gender [31]. Overall 5.8–13% of patients operated on for ingui-
nal hernia are treated emergently [1, 32, 33], and around 10–20% of these patients 
will need a bowel resection [6, 34]. Interestingly, complicated hernia in elderly people 
shows an increased incidence of necrotic bowel compared with young adults for the 
same time duration of symptoms [28, 32].

The most frequent anatomical structure found in incarcerated inguinal hernia sac 
is the intestine, in around 75% of patients, followed by omentum in the remaining 
25% [15, 35]. However, other unusual structures have been described such as ovarian 
in 2.9% of cases, urinary bladder in 0.36% [36], sigmoid diverticulum [37], appendix 
epiploica [38], Meckel’s diverticulum [39], and even gallbladder [40]. The presence of 
a vermiform appendix is reported with an incidence of 1% [41], and, although rarely, 
the appendix may become inflamed (Amayand’s hernia) [42].

3. Etiology

Hernia is a multifactorial condition, and several causes may play a role in its 
development. Risk factors are usually divided into patient and external factors 
[Oberg]. Patient risk factors are considered male gender, old age, and low body mass 
index [43–45]. Other factors such as constipation, prostate hypertrophy, and COPD 
are all conditions that increase intra-abdominal pressure that strains the layers of the 
abdominal wall and may weaken its strength [34, 46]. There is a strong correlation 
between the processus vaginalis and hernia formation [47]. An indirect inguinal 
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hernia is supposed to be due to a persistent patency of processus vaginalis [48, 49]. 
Furthermore, an indirect hernia is more common on the right side because the right 
testis descends later than the left, leaving the right processus vaginalis patent for more 
time [50]. Patients with collagen vascular disease and connective metabolism disor-
ders (Marfan syndrome, Ehlers-Danlos, and aneurysmal disease) are at increased risk 
of hernia formation [51–53]. When comparing different inguinal hernia types, direct 
hernia shows local collagen tissue alteration and different abdominal fascia architec-
ture, factors that affect the elastic properties of transversalis fascia leading to hernia 
formation [54, 55].

Among external risk factors, smoking is supposed to increase the risk of recur-
rence [43], but its role in primary hernia formation is uncertain [44, 56]. Increased 
intra-abdominal pressure seems to be related to abdominal wall hernia formation, 
but its effective role is still under scrutiny [33]. Some physical activities, such as 
jumping, or great physical exertion, are strongly related to hernia formation [57–59]. 
However, in other circumstances, factors, such as leisure physical activities, lifting 
heavy loads, or standing for a long time, although they provoke an increase in intra-
abdominal pressure, do not seem to be responsible for hernia development [60].

4. Classification

Abdominal hernia is defined as an abnormal protrusion of a peritoneal sac through 
the muscoloaponeurotic structures covering the abdominal wall [61]. Classification 
of abdominal wall hernia is generally based upon anatomic location of the bulge and 
includes groin, umbilical, epigastric, Spigelian, and obturatoria hernias [30, 62]. 
In addition, groin hernias can be classified according to etiology (congenital or 
acquired), anatomic location of the bulge (inguinal and femoral), defect size (small, 
medium, and large), and integrity of anatomic groin structure [63–66]. Some of these 
classifications are complex and difficult to remember; thus, surgeons, in their day-to-
day practice, separate inguinal hernias essentially in two types, indirect (lateral) and 
direct (medial), by their relationship with the inferior epigastric vessels at surgical 
exploration [64, 67]. Direct hernia protrudes medially to inferior epigastric vessels, 
whereas indirect type laterally to the vessels [68].

Incarcerated hernia is defined as a hernia in which the sac content cannot be 
reduced into the abdomen due to a narrow opening orifice or because of adhesions 
between the sac and its content [23, 69, 70].

Hernia becomes strangulated when the blood supply of the sac content is compro-
mised, and the tissue progresses to necrosis [71].

Unfortunately, the two terms “incarcerated” and “strangulated,” which refer to 
different clinical conditions, are often used interchangeably with the undesirable 
consequence of negatively affecting the therapeutic decision-making process [72, 73].

5. Diagnosis

The majority of uncomplicated inguinal hernias are easily diagnosed. Typically, 
a patient complains of pain or dull discomfort in the groin region that exacerbates 
during daily living activities [74, 75]. On physical examination, the hernia appears as 
a lump in the groin which becomes more evident when the patient performs a Valsalva 
maneuver or gives a cough [76]. In uncomplicated cases, the lump may go away 
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spontaneously, when the patient is lying down, or after a gentle manual pressure over 
the hernia. Overall, clinical examination in the elective setting results is quite accurate 
and shows a sensitivity ranging from 74–92% and a specificity of 93% [14].

If the patient complains of moderate–severe groin pain, a complicated hernia 
should be taken into consideration [15, 23]. Incarcerated hernia may also present with 
symptoms of bowel obstruction such as nausea, vomiting, diffuse abdominal pain, 
and bloating [15, 77]. When bowel ischemia has occurred, the patient may show signs 
of local or general peritonitis, including abdominal tenderness, absent bowel sounds, 
fever, tachycardia, and systemic inflammatory response syndrome (SIS) [78]. On 
physical examination, incarcerated hernia will appear erythematous, indurated, swol-
len, painful to palpation, and irreducible [79, 80]. Therefore, early diagnosis of incar-
cerated hernia is paramount to improving the patients’ prognosis [81, 82]. A delay 
in hospital admission of more than 48 hours increases postoperative morbidity and 
mortality by 24 and 7 times, respectively [83, 84]. Furthermore, patients hospitalized 
after more than 24 hours following incarceration encompass 81.8% of death cases 
[85]. Sometimes a delayed diagnosis, especially in elderly people, may be ascribed to 
inadequate awareness of the problem by the patient who does not seek medical advice 
[86]. However, in other circumstances, the diagnostic delay may be due to physician 
mistakes [87]. A study showed that strangulated hernias were misdiagnosed in 3% of 
patients by general physicians and in 15% by hospital registers [88].

In patients with incarcerated inguinal hernia, it is important to rule out bowel 
ischemia [89, 90]. Several clinical, radiological, and laboratory criteria have been ana-
lyzed in order to predict this complication. Among laboratory parameters, D-dimer 
level correlates well with bowel ischemia, and this parameter’s high value should 
increase the suspicion of bowel infarction [91]. On univariate analysis, an elevated 
serum lactate level greater than 2.0 mmol/L [92] is strongly associated with intestine 
ischemia, although the test shows a low specificity [93, 94]. Moreover, lactate levels 
may be false normal up to 8 hours after the onset of bowel necrosis [95]. White blood 
count (WBC), blood fibrinogen, and serum creatinine phosphokinase (CPK) have 
been considered valuable predictive parameters for ischemic events occurring in 
different tissue of the body [96]. Fibrinogen level is increased in patients with incar-
cerated hernia and seems to show a positive correlation for bowel resection, need for 
intensive care, and higher risk of mortality [97]. Similar results have been found for 
CPK [96] and WBC count [80, 98]. In patients who complain of severe groin pain and 
show an increased level of fibrinogen and high WBC count, a prompt surgical hernia 
exploration is recommended [99]. Hyponatremia, defined as sodium level less than 
135 mg/dl, should raise a strong suspicion of bowel necrosis [100]. Furthermore, the 
combination of hyponatremia and clinical features of bowel strangulation should dis-
suade the surgeon from any attempts to perform Taxis maneuver [101]. To conclude, 
procalcitonin (PTC) is considered a reliable diagnostic serum parameter in several 
conditions such as infections, systemic inflammatory response syndrome (SIRS), 
acute pancreatitis, and multiorgan dysfunction syndrome (MODS) [102]. In incarcer-
ated inguinal hernia, PTC is significantly higher in patients with bowel ischemia com-
pared with those without ischemia and in patients with necrosis compared with those 
without it. Thus, elevated levels of PTC should rise the suspicion of bowel necrosis, 
and repeated measurements of PTC may help the surgeon to decide if operate and the 
timing of surgery [89].

Overall, no single serum marker is sensitive or specific enough to diagnose intes-
tinal ischemia, and only the association of two or more factors has proved helpful in 
predicting the progression of incarcerated hernia toward bowel necrosis [69, 103].



115

Incarcerated Inguinal Hernia in the Elderly: Surgical Implication
DOI: http://dx.doi.org/10.5772/intechopen.1001884

Imaging studies are useful in doubtful diagnosis and in patients with complicated 
inguinal hernia, particularly if bowel ischemia is suspected [14, 19, 75, 104]. Without 
intra-abdominal complications, groin ultrasound (US) should be the initial imaging 
modality to evaluate a suspected incarcerated inguinal hernia [105, 106]. Sonographic 
signs of incarceration include free fluid in hernia sac and within the dilated bowel 
loop, intestine thickened wall (> 2,5 cm), and “back-and-forth” peristalsis sign 
[20, 107, 108]. Moreover, sonographic reduction of Doppler color flow within the 
bowel loops, the absence of peristalsis, and free air in the intestinal wall are signs of 
strangulation [104, 109].

Multidetector computed tomography (MDCT) is considered the modality of 
choice in incarcerated inguinal hernia since it supplies the surgeon with decisive 
information to clear a doubtful diagnosis, to detect signs of peritonitis, and to evalu-
ate bowel necrosis and its severity [18, 110–113]. Analysis of the overall diagnostic 
performance of MDCT for detecting ischemic bowel has shown contrasting results, 
with a sensitivity reaching almost 100% and, by contrast, specificity reported in some 
studies as low as 61% [114, 115]. The low specificity rate is probably because some 
CT signs found in ischemic bowel are also observed in other conditions, especially 
in inflammatory bowel diseases and peritonitis in which no vascular compromise 
is involved [16]. CT diagnosis of bowel ischemia is based on the presence of two or 
more of the following signs: bowel wall thickening, a high attenuation of the bowel 
wall on unenhanced CT, mesenteric edema, fluid in the hernia sac, asymmetric bowel 
wall enhancement on IV contrast-enhanced CT, and pneumatosis in advanced stage 
[103, 116, 117]. In conclusion, in patients with incarcerated inguinal hernia, MDCT 
allows identifying patients at high risk of bowel necrosis, regardless of surgical risk, 
and requiring an emergent surgical repair [110, 118–120].

6. Treatment

Inguinal hernia is a common problem occurring in about 15% of adult men [121], 
and inguinal hernioplasty is probably the most common operation performed by a 
general surgeon [122].

The definitive therapy for inguinal hernia is surgery; generally, patients are 
referred for surgical treatment after diagnosis [23, 123]. The main reason for this 
strategy is the fear of hernia incarceration, which requires emergency operations 
[124–128]. In addition, elective surgical hernia repair is a safe and effective treatment 
for rare and minor complications, as well as in elderly patients [129, 130].

By contrast, several studies have shown that emergent inguinal hernia repair has 
a high morbidity and mortality rate, estimated at around 30 and 13,4%, respectively 
[84, 87, 131, 132].

Therefore, in contemporary practice, the majority of patients, regardless of age 
and symptoms and who are healthy enough, are referred to surgery [23, 133, 134].

Lichtenstein mesh tension-free technique is the procedure of choice [2, 135–138] 
due to its safety and efficacy with a low recurrence rate ranging from 0.002 to 
0.48% [87].

However, many elderly people have several comorbidities and present a high 
surgical risk. A watchful-waiting approach is warranted for this group of patients, 
particularly if they are asymptomatic or minimally symptomatic [134, 139, 140].

Proponents of this strategy argue that the risk of incarceration is low, occurring in 
only 2–4% of patients followed up as long as 11.5 years and that only 7% of operations 
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are performed emergently [24, 141, 142]. Furthermore, there is no difference in pain 
relief between patients operated on and those treated with a watchful strategy [143].

However, despite these positive results, it should be remembered that around 
two-thirds of patients treated with a watchful-waiting approach cross over to surgery 
within 10 years mainly because of pain or incarceration of hernia [144–146].

Things change when a hernia becomes incarcerated since this complication is life-
threatening and needs prompt treatment [147–149].

In high-surgical risk patients without signs of strangulation, a manual non-
invasive reduction of incarcerated hernia, performed under analgesia/sedation (Taxis 
maneuver), is considered a safe and reliable treatment [4, 72, 150]. The procedure 
can also be performed under US guidelines increasing the safety and efficacy of the 
technique [151]. The success of this approach is reported in 70% of cases, and it is also 
considered the treatment of choice in pediatric patients [149]. The advantage of the 
manual reduction procedure is to avoid emergency operations in critically ill patients 
with an increased risk of morbidity and mortality [72, 150]. In addition, definitive 
surgical repair can be scheduled early after a successful Taxis maneuver (“two-stage 
procedure”), providing better anatomical conditions for operation [47, 152].

Unfortunately, a manual reduction procedure may carry the risk of reducing 
necrotic bowel into the abdomen, the event that leads to diffuse peritonitis which 
needs an emergent surgical treatment [153, 154]. However, cases are rare, and since 
bowel strangulation occurs with a very narrow hernia orifice, the risk of reducing a 
necrotic bowel is very low [149].

In current practice, the role of manual reduction is still under debate, and, 
anyway, the procedure should be considered a temporary treatment due to the high 
incidence of re-incarceration [154]. Furthermore, the technique is not even men-
tioned in a recent update of different society’s guidelines for the emergency repair of 
abdominal wall hernias [4, 71, 155].

Incarcerated inguinal hernia associated with intestinal obstruction and/or 
suspected bowel ischemia represents a mandatory indication for emergent surgery 
[23, 71, 147]. Unfortunately, complications after urgent repair, particularly in elderly 
patients, are common, and the reported morbidity and mortality are high, ranging 
from 19 to 30% and from 1.4 to 13.4%, respectively [131, 156, 157].

Several factors have been investigated in order to predict surgical risk and outcome 
in this group of patients [84, 85, 158]. Age over 70 years is considered a negative 
prognostic factor, and it is estimated that postoperative mortality increases 1% with 
every year of age [8, 159, 160]. However, old age “per se” seems not to be respon-
sible for poor outcomes, but only if it is associated with comorbidities [133, 161] or 
with a “frailty” status [162]. Cardiovascular disease, diabetes mellitus, COPD, and 
obesity are also associated with increased postoperative complications [6, 163, 164]. 
Furthermore, patients with ASA (America Society of Anesthesiologist) III-IV class 
show mortality 2,5 times higher than those with ASA I-II class [100, 134, 160]. 
Smoking seems to hinder the oxygenation of the surgical field, impairing the wound-
healing process [56, 165, 166].

However, among risk factors, probably the most important is the necrosis of 
incarcerated bowel, which demands intestine resection [6, 83, 84, 157]. It is estimated 
that bowel resection increases mortality by 3 to 4 times [28], although this result 
is disputed by other studies, which show that intestinal resection is a predictor of 
morbidity but not of mortality [7, 85, 167].

Intestinal ischemia includes different grades of severity, ranging from reversible 
stage to transmural necrosis with possible wall perforation [168]. This “acute bowel 
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injury,” also in an early phase of its development, leads to bacterial translocation, 
absorption of bacterial endotoxin, systemic inflammatory response syndrome 
(SIRS), and may progress to multiorgan dysfunction syndrome (MOS) [71, 169, 170]. 
Therefore, early diagnosis of ischemic bowel and prompt surgical treatment assume 
great clinical value in these patients [151, 171].

Incarcerated inguinal hernia may be treated with different surgical approaches, 
and the choice of the technique depends on several factors including anesthetic 
considerations, surgeon’s expertise, suspect of bowel necrosis, and contamination 
of the surgical field [147, 148]. The most common technique, especially in elderly 
patients, is the open anterior mesh tension-free repair. In this regard, the Lichtenstein 
procedure has gained great acceptance and has become the technique of choice in 
emergency settings and high-risk patients [172–175]. The mesh guarantees excellent 
repair results, but its use in complicated hernia is controversial due to the increased 
risk of wound infection [176–179]. However, several studies have shown that mesh 
can be safely implanted in complicated hernia without increased risk of wound 
infection, even in the case of bowel resection [156, 180, 181]. The choice of mesh is 
crucial for the success of the operation [182, 183]. Polypropylene is the ideal mate-
rial to be used in contaminated fields since its macroporous structure allows contact 
among bacteria and the patient’s immune system cells, allowing the recovery from 
 infection [184, 185].

In conclusion, the mesh can be safely used in clean and clean-contaminated 
surgical fields (CDC Class I-II), whereas its use in cases of bowel perforation and in 
grossly contaminated-dirty surgical fields (CDC Class III-IV) is not recommended 
[23, 71, 186].

When mesh is contraindicated, a primary tissue repair is required. Several tech-
niques can be employed such as Bassini, Shouldice, and Mc Vay procedures [187–189].

The Shouldice technique is considered the most effective procedure, particularly 
in specialized centers [22, 190]. However, all “pure tissue repair” techniques are 
burdened with high postoperative morbidity and can show a recurrence rate as high as 
34%, especially when employed in an emergency setting [87, 191].

Therefore, to obviate the poor results of the suture tissue repair technique and 
perform a mesh tension-free repair also in a contaminated field and, at the same time, 
trying to avoid the risk of wound infection, the use of absorbable mesh has been 
proposed [192, 193].

The laparoscopic approach has recently become popular, and it is considered a 
reliable procedure for the repair of bilateral inguinal hernia and recurrent hernia, and 
also for unilateral inguinal hernia [194–198]. Furthermore, a series of studies have 
confirmed that the laparoscopic approach can be safely performed in old-age patients 
with an ASA I-II class without increasing the incidence of complications and mortal-
ity [25, 199, 200]. However, some concerns still exist regarding emergent laparoscopic 
repair of incarcerated inguinal hernia, and little evidence exists about the technique’s 
efficacy [4, 201]. In addition, it is reported that the laparoscopic procedure has 
some limitations. A minimally invasive approach requires general anesthesia, is 
time-consuming, has a long learning curve, is not cost-effective, and entails specific 
complications such as bladder, vascular, and visceral injuries, which are unusual in an 
open approach and sometimes result in the death of the patient [202–205]. Only 10% 
of all inguinal hernia repairs are estimated to be performed via laparoscopic approach 
in the United States [202, 203].

However, several studies have shown that minimally invasive technique presents 
several advantages over open repair, even for the treatment of incarcerated inguinal 
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hernia [206–209]. For example, laparoscopy allows a careful reduction of herniated 
bowel, an accurate assessment of its viability, reduces the postoperative pain, and 
allows faster recovery, and, finally, the procedure shows a lesser or similar recurrence 
rate compared to the open approach [210–212].

Among laparoscopic techniques, either transabdominal pre-peritoneal repair 
(TAPP) or totally extraperitoneal approach (TEP) is a feasible and reliable method 
[213, 214], although an increased risk of recurrence is reported for TEP repair [203].

An interesting use of the laparoscopic technique is the hernia sac laparoscopy, 
also known as hernioscopy [215]. This method, defined as a mixed laparoscopic-open 
surgical approach, can be employed to assess the viability of the intestine in case of 
spontaneous reduction of the sac content during an open emergent inguinal repair 
before the assessment of the viability of the intestine [216, 217]. This event, which 
occurs in about 1% of patients during anesthetic induction, poses the risk of leaving 
the necrotic bowel inside the abdomen with the consequent development of peritoni-
tis [218]. In this circumstance, hernioscopy is a reliable and accurate method to assess 
the viability of the retracted intestine, and allows to avoid unnecessary laparotomy in 
high-risk patients [219, 220].

The choice of anesthetic methods is an important issue in inguinal hernia repair, 
especially in elderly patients and in complicated hernias [221–223]. Virtually, all 
anesthetic techniques such as general, regional (epidural and spinal), and local 
anesthesia can be used [224–226]. However, epidemiological data show that nearly 
80% of inguinal hernia repairs are performed under general anesthesia, although 
the evidence to support this choice is low [21, 227]. Furthermore, these data contrast 
those originating from specialized centers where local anesthesia is used in more than 
95% of patients [228, 229].

The choice of anesthetic technique depends on several factors including patient or 
surgeon preference, technique feasibility in a given patient, and intra- and postopera-
tive pain control [230]. However, general anesthesia is usually preferred in emergency 
inguinal repair since the technique provides the surgeon with optimal operating 
conditions in terms of immobility and muscular relaxation [231]. Furthermore, gen-
eral anesthesia remains the method of choice in anxious or uncooperative patients, 
in morbid obesity, and in cases where intestine ischemia is suspected, and bowel 
resection could be performed [5, 71, 222].

Regional anesthesia offers some advantages compared with general technique. 
For example, control of postoperative pain favors the regional approach; nausea and 
vomiting are less frequent, just like deep vein thrombosis and pulmonary edema 
[232–234]. However, regional anesthesia is burdened with common complications 
such as postdural puncture headache, hypotension, and urinary retention [233]. 
Furthermore, meta-analysis does not show definitive data concerning the advantage 
of regional over general anesthesia [235].

Local anesthesia has become a popular technique for inguinal hernia repair, 
and it is strongly recommended in elderly patients and in those with comorbidi-
ties [236–238]. Moreover, European Hernia Society Guidelines (EHS) suggest that 
this technique should be used in patients with ASA III or IV class. Local anesthesia 
has advantages over general and regional anesthesia such as less postoperative 
pain, shorter hospital stay, early mobilization, and avoiding urinary retention and 
cognitive dysfunction [231, 237, 239]. Despite these advantages, the role of local 
anesthesia for inguinal hernia repair is still under debate, especially in emergency 
settings [225, 240, 241]. Incarcerated hernia has a complicated local anatomy, 
 tissues are swollen, the patient often complains of pain, and muscle relaxation is not 
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satisfactory [242]. Furthermore, local anesthesia is considered a risk factor for recur-
rence [240]. For these reasons, the technique is rarely used in emergencies, although 
some studies have shown the feasibility and safety of local anesthesia for treating 
incarcerated inguinal hernia in high-risk patients [236, 237, 241].

7. Conclusion

Incarcerated inguinal hernia represents a serious clinical problem. Moreover, its 
incidence is high in elderly people with several comorbidities and presents a high 
surgical risk. An early diagnosis is of paramount importance in order to establish a 
prompt and tailored patient treatment. Surgical open tension-free repair is still the 
treatment of choice, especially in high-risk patients, and should be performed under 
general/regional anesthesia if bowel necrosis is suspected. The laparoscopic approach 
has grown in popularity and is currently considered a valid option to open surgery for 
incarcerated inguinal hernias in old-age patients.

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
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Chapter 9

Open Hernia Repair
Kumar Hari Rajah and M. Somanathan

Abstract

Inguinal hernias are a common clinical condition that is present to the surgical 
clinic and open inguinal hernias repairs are one of the most common operations 
that are performed by general surgeons. Open inguinal hernia repairs have evolved 
from tension repairs like the Bassini and darning repair to the shouldice repair. As 
these procedures were under tension and hence the recurrence rates were high. The 
Lichtenstein repair was a tension free repair that uses mesh, revolutionized hernia 
repair as the procedure was simple and the recurrence rates were low whether the 
procedure was performed by a junior or senior surgeon. The Lichtenstein repair is 
now the most popular repair for inguinal hernias. Variants to this include the plug 
and patch repair and the prolene hernia system, which uses various types of tension 
free mesh repairs. This chapter investigates the various open hernia techniques with 
emphasis on the tension free repairs which involve the use of mesh (Lichtenstein) 
and not the use of mesh (Desarda). The older tension repairs like the Shouldice and 
Bassini repairs are also reviewed.

Keywords: open hernia repair, Lichtenstein repair, Desarda repair, Shouldice repair, 
Bassini repair

1. Introduction

Inguinal hernias are protrusions that occur through the inguinal canal, and they 
are classified as direct and indirect inguinal hernias. They are far more common in 
males than females. They can also be classified as reducible or irreducible inguinal 
hernias [1].

The treatment of inguinal hernias has always been surgical repair and they can 
be divided into open and laparoscopic repair. The open inguinal hernia repairs are 
further classified into (1) Tension free repair and (2) Tissue-suture repair [2].

The tension free repair operations are Lichtenstein’s tension free repair, the prolene 
hernia system repair and the plug, patch technique and the desarda technique. The 
tissue suture repair includes the Bassini’s repair, The Mcvay’s repair and the Shouldice 
repair [3].

The Lichtenstien tension free repair is the most common open hernia operation 
that is performed as it is associated with low recurrence rate, and it is reproducible by 
all non-specialist surgeons [4].

In choosing the technique of hernia repair will depend on the patient character-
istics and the experience of the surgeon as well as understanding the evidence that is 
available to achieve the best outcome for the patient [5].
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1.1 Lichtenstein tension free repair

This technique was introduced by lichtenstein in 1984 and it is the most popular 
open hernia technique because it does not require a long learning curve and it has a 
low recurrence and complication rate [6].

The Lichtenstein procedure involves the placement of a prolene mesh over the 
posterior wall of the inguinal canal and anchoring it to the inguinal ligament with 
non-absorbable sutures and slit is made to accommodate the cord and the upper edge 
of the mesh is anchored with non-absorbable sutures. Sakorafas et al. conducted a 
retrospective study on 540 patients who underwent the Lichtenstein procedure for 
hernia repair and there were no complications like wound infection and the recur-
rence rate was 0.2% [7].

The advantage of this procedure is that it can be performed under local anesthesia and 
hence it is cost effective. The placement of the mesh over the posterior wall of the inguinal 
canal and adjustments to the size of the mesh and suture technique has been associated 
with the reduced rates of post operative complications. Just et al. in their prospective 
study in 1592 patients who underwent the Lichtenstein repair confirmed this [8].

The prospective study by Yamamoto et al. which performed this repair on 314 
patients and the results showed no mortality and decreased wound infection rate and 
they concluded that the lichtenstein repair can be safely performed by trainee sur-
geons with minimal complications [9].

Praviz et al. performed the lichtenstein hernia repair on 3480 patients with 
inguinal hernia and they were performed under local anesthesia. The postoperative 
wound infection rate was low, and the postoperative analgesia and recurrence was low 
and the stay in hospital and cost were low [10].

The Hernia surge group guidelines also concluded that the Lichtenstein tension 
free hernia repair is the preferred method of open hernia repair due to its low compli-
cations and recurrence rate [11].

Metzger et al. conducted a retrospective study on 440 patients who underwent 
inguinal hernia repair of which the Lichtenstein repair was the predominant repair, 
and the results showed this repair can be conducted as a daycare procedure as it is 
associated with reduced cost and post operative complications [12].

Alabi et al. conducted a systemic review on mesh fixation techniques in inguinal 
hernia. Twenty systemic reviews were included in the study and the conclusion was 
that glue fixation and non-suture fixation was associated with better outcomes with 
regards to recurrence and chronic pain when compared to suture fixation of mesh. 
Further randomized control trials with large sample sizes may be needed to further 
evaluate this [13].

Ladwa et al. also conducted a systemic review and meta-analysis comparing suture 
mesh fixation to glue mesh fixation. Seven trials including 1259 patients of which 628 
underwent suture mesh repair and 653 underwent glue mesh fixation. The results 
showed there were no differences with regards to recurrence rates and chronic pain, 
but further randomized trials may be needed to further evaluate the effectiveness of 
glue mesh fixation [14].

The Lichtenstein repair was also compared with the plug mesh repair by 
Wilasrusmee et al. who performed at study on 94 patients with inguinal hernias of 
which 25 underwent the plug mesh repair, 26 underwent the Lichtenstein repair and 
36 underwent the Bassani repair. There were no complication or recurrence rates in 
the plug mesh and Lichtenstein repair groups. This concluded that both the plug mesh 
and Lichtenstein repair were effective in the management of inguinal hernias [15].



139

Open Hernia Repair
DOI: http://dx.doi.org/10.5772/intechopen.1001890

Singh et al. also compared the Lichtenstein repair with the plug and patch mesh 
repair on 200 patients who underwent primary hernia repair. There were no dif-
ferences in the duration of surgery, post operative infection rates and chronic pain, 
hence it concluded that both procedures were effective in the treatment of primary 
inguinal hernias [16].

The prolene hernia system uses a special mesh with a three-dimensional theoretical 
effect of strengthening and maintaining the anterior and posterior wall of the ingui-
nal canal without tension. It consists of an underlay patch and overlay patch with an 
intervening connector. This procedure was associated with a shorter hospital stay and 
reduced post operative pain and is a viable alternative to the Lichtenstein procedure [17].

The use of the prolene hernia system in a regional hospital as demonstrated by 
Berende et al. in their retrospective study on 193 patients who underwent this type of 
hernia repair. The patients were followed up and the wound infection rates and recur-
rence rates were low demonstrating its use in non-hernia specific centers [18].

The Lichtenstein, prolene hernia system and the ultrapro hernia system were 
compared by a prospective randomized trial by Magnusson et al. in the management 
of primary inguinal hernias. Three hundred nine patients were involved in the study 
and the conclusion was that recurrence rates and chronic pain rates were the same in 
all the groups hence the Lichtenstein repair should be the first choice in the manage-
ment of primary inguinal hernias [19].

The Plug and Patch technique which was popularized by Rudkow and Robbins 
involves a cone shaped plug made of polypropylene that is inserted into the inguinal 
canal in an indirect hernia and followed by placement of a mesh patch that is sewn 
over the spermatic cord and laid on top of the posterior wall. This repair was prospec-
tively studied by Bringman et al. and it was associated with a recurrence rate that is 
equivalent to the Lichtenstein repair [20].

The conclusion from these studies is that the Lichtenstein hernia repair is a safe 
and effective treatment option for inguinal hernia (Figure 1).

Figure 1. 
The Lichtenstein repairs.
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1.2 Desarda hernia repair

This procedure was introduced by Dr. M.P. Desarda in 2001 and he performed 
a hernia repair by strengthening the posterior wall by incising the external oblique 
aponeurosis and the undetached strip is sutured to the inguinal ligament to form a 
new posterior wall. This procedure does not use any foreign material like mesh and 
hence it has a decreased risk of wound infection and chronic pain. Desarda et al. per-
formed a prospective study on 860 patients with inguinal hernias and all the patients 
underwent this type of hernia repair. The patients were followed up and there were no 
reported wound infection rates, and no recurrence were observed [21].

Desarda performed a further prospective study on 229 patients with this hernia 
repair and they were followed up and there were no reported recurrence or chronic 
groin pain with this hernia repair [22].

Gurgenidze et al. also performed a prospective study on 118 patients who under-
went a desarda hernia repair for inguinal hernia. The patients were followed up and 
the wound infection rates were low and there was no recurrence. This showed that the 
Desarda hernia repair was good in the management of inguinal hernias [23].

Khairy et al. performed the desarda hernia repair on 100 patients with inguinal 
hernias. All the procedures were done under spinal anesthesia and there were no post 
operative complications like wound infection and seroma formation. There was also no 
recorded recurrence on follow up of these patients. This study showed the advantage of 
using the desarda hernia repair technique in the management of inguinal hernias [24].

Bashir et al. performed the desarda hernia technique on 50 patients with inguinal 
hernias. This was a prospective study, and the patients were followed up and there 
were no wound infection rates and there were also no recurrence rates. The conclu-
sion from this study was that the desarda hernia repair was a safe and effective hernia 
repair technique [25].

Ge Hua et al. conducted a systemic review to compare the surgical outcomes of 
both the desarda repair and the Lichtenstein repair. Eight articles which included 4 
randomized control trials and 4 nonrandomized control trials were included in the 
study. A total of 1014 patients of which 500 underwent the desarda repair and 514 
underwent the Lichtenstein repair. The conclusion of this systemic review was that 
there was no difference in the surgical outcomes post operative wound infection, 
chronic pain, and recurrence rates. The limitation of this study was the small sample 
size and limited randomized control trials [26].

Pereira et al. also conducted a systematic review and meta-analysis on the desarda 
technique versus the Lichtenstein repair in the treatment of primary inguinal hernias, 
comparing both outcomes. Five randomized control trials including 536 patients 
were included in the study, 310 underwent the desarda repair and 226 underwent the 
Lichtenstein repair. The conclusion from this study showed that both procedures were 
comparable in terms of post operative infection rates and recurrence rates, but larger 
randomized control trials will be needed to evaluate the long-term outcomes of the 
desarda technique [27].

The conclusion from these studies is that the desarda technique is a good technique 
but further trials may be needed for further evaluation (Figure 2).

1.3 The shouldice repair

This repair was performed at the shouldice hospital, and it involves the division of 
the fascia transversalis and reconstruction of the posterior wall of the inguinal canal 
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done with continuous stainless-steel sutures. Two continuous suture lines are used 
starting from the pubic crest and extending up to the transversalis fascia, transverses 
abdominus and internal oblique muscle. These sutures start from the pubic crest and 
advance towards the internal ring and the same sutures are reversed back towards the 
pubic crest including the shelving edge of the inguinal ligament. The second suture 
line begins laterally including the internal oblique and transversus muscle, extending 
medially, and including the inner line of the external oblique muscle and extending 
towards the pubic tubercle and then reverses back to the internal ring while picking 
up the inner aspect of the external oblique aponeurosis [28].

Amato et al. conducted a review to evaluate the efficacy of the shouldice repair 
against other open techniques of open repair. Sixteen trials were reviewed with 2566 
shouldice repairs were done against 1121 mesh repairs and 1608 non mesh repairs. The 
conclusion of this review was that the shouldice repair was the best non mesh hernia 
repair, but recurrence rates were much lower in the mesh hernia repair group. Hence if 
mesh is not available, the shouldice repair is the best alternative for hernia repair [29].

Bracale et al. conducted a systemic review and network meta-analysis comparing 
the shouldice and desarda hernia repair in the treatment of primary hernia repairs. 
Fourteen randomized control trials involving 2791 patients and the conclusion of 
this study was that the recurrence rates were similar but the total operative time was 
reduced in the desarda group, hence the shouldice repair is still considered the best 
non-mesh hernia repair but the desarda repair is slowly emerging as an alternative 
non-mesh hernia repair [30].

Hay et al. conducted a multicentric trial on 1578 patients who underwent the 
shouldice repair for primary inguinal hernias. The patients were followed up to 
5 years and the mean recurrence rate was 5% and the post operative infection rates 
were negligible. This showed that the shouldice repair is considered the best non mesh 
inguinal hernia repair (Figure 3) [31].

1.4 Other hernia repairs

The Bassini hernia repair has long been regarded as the first inguinal hernia 
repair, it involves suturing the transversalis fascia and conjoint tendon to the 

Figure 2. 
Desarda hernia repair.
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inguinal ligament behind the spermatic cord and is frequently associated with 
a tanner slide (vertical relaxing incisions over the anterior rectus sheath). This 
procedure was the most popular procedure before the introduction of tension free 
repair with mesh. Its main indication now is for primary inguinal hernia repair in 
patients who do not want to use mesh. Wayne et al. in their study on the use of the 
bassini repair in the treatment of inguinal hernias showed a recurrence rate of 3.7% 
to 4.8%, but they are much higher than the Lichtenstein repair. Another downside 
of this procedure is the need to avoid excessive tension over the inguinal region by 
not lifting heavy objects [32, 33].

The darning technique is another operation that is performed for primary inguinal 
hernias, and it involves the approximation of the conjoint tendon to the inguinal liga-
ment with monofilament nylon from the pubic tubercle to the internal ring and back 
to the pubicle tubercle with forcibly bringing the tissues together. This procedure is 
relative tension free tissue repair with studies done by Olalekan et al. which showed a 
recurrence rate of 1.5% [34].

The advantage of the darning technique is the cost and early recovery, but 
the recurrence rate is still higher when compared with the Lichtenstein repair as 
demonstrated by the prospective clinical trial that was conducted by boonnithi 
et al. [35].

The Lotheissen/McVay repair is a tissue repair which is complex and rarely per-
formed nowadays. The repair involves the splitting of the transversalis fascia and dis-
secting the cooper ligament. The hernia is repaired by suturing the transversalis fascia, 
transverses abdominus and internal oblique to the pectineal ligament (Figure 4) [36].

Figure 3. 
The shouldice repair.
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2. Conclusion

Open inguinal hernia repair has evolved over time from pure tissue-based repair 
to mesh repair. The introduction of the tension free Lichtenstein repair with its low 
recurrence rate and low cost of operation has revolutionized the management of 
inguinal hernia repair and has become the most common open inguinal hernia repair. 
The Lichtenstein repair is easy to learn for junior surgeons and can be applied in vari-
ous settings. It has replaced all tissue-based repair. The shouldice repair is the open 
tissue based inguinal hernia repair that is associated with the lowest recurrence rate 
and is indicated in patients where insertion of mesh is contraindicated. The Desarda 
repair is slowly emerging as an alternative for tension free inguinal hernia repair, 
but more studies are required to evaluate its recurrence rate. The Lichtenstein repair 
continues to be the most popular open inguinal hernia operation that is being per-
formed worldwide as it can be performed under local anesthesia and hence be able to 
reduce the cost of the procedure. It is for this reason that open inguinal hernia repairs 
will continue to be a common surgical procedure that is being performed by general 
surgeons.
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Abstract

The inguinal hernia is the commonest type of hernia in children. Either scheduled 
or as an emergency, hernia surgery is performed daily in every pediatric surgical 
institution worldwide, regardless of age or gender. In this chapter, we discuss the 
embryology of the inguinal canal and its pathophysiological association with hernia 
formation. We also present the most frequent clinical and diagnostic issues of the 
pediatric hernia. The management of strangulated hernia, differential diagnosis, 
and the particular uncommon hernia types are presented as well. We finally present 
the evolution of hernia surgery from the classical operative methods to the modern 
laparoscopic techniques.

Keywords: pediatric inguinal hernia, pediatric hernia surgery, laparoscopic hernia 
surgery uncommon inguinal pediatric hernias, strangulated inguinal hernia, open 
inguinal pediatric hernia surgery, pediatric hernia complications

1. Introduction

Inguinal hernia is the most common congenital disorder in daily pediatric surgical 
practice. It may be managed in a tactical manner or appear as an organ and life-
threatening event that requires urgent treatment in cases of testis, ovary, or intestinal 
entrapment (incarceration and strangulation of hernia). In this chapter, the particular 
characteristics, the diagnosis, and the current management of inguinal hernia in 
children are described in detail.

2. Incidence

A hernia is defined as a protrusion of an organ or tissue, through an abnormal 
opening. Congenital inguinal hernia is one of the most frequent congenital condi-
tions, most commonly encountered from birth until the age of 6 years [1]. It may be 
divided into two types, the indirect (prevailing in childhood, 99% of cases) and the 
direct which is rare in children. The accurate incidence of indirect inguinal hernia 
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is unknown as an effect of factors, such as prematurity, associated disease, and 
medical accessibility. However, indirect inguinal hernia is observed approximately 
in 1–5% of the term males, who outnumber females with a predominancy of 80% 
[2]. It is mostly encountered on the right side (60%). A total of 10% of the cases are 
bilateral [1–3].

There is a higher incidence of indirect inguinal hernia in preterm infants as well 
as in conditions of increased intra-abdominal pressure. Abnormal abdominal content 
as with ascites or during peritoneal dialysis, as well as abnormal abdominal wall 
disorders, such as exomphalos, gastroschisis, and bladder exstrophy, may increase the 
incidence of indirect inguinal hernia. Prematurity also seems to increase the incidence 
(2–30%) and the frequency of incarceration (1–6% during the first 6 months of life). 
Therefore, correction is strongly advised before hospital discharge [4]. Cystic fibrosis, 
congenital collagen conditions such as Ehlers-Danlos syndrome, mucopolysac-
charidoses (Hunter-Hurler syndrome), and congenital hip dislocation are frequently 
associated with higher incidence of hernia rates. Cystic fibrosis has higher inguinal 
hernia incidence, up to eight times the general population and mucopolysaccharidoses 
are associated with a recurrence rate of 50%. Recurrence may be a primary symptom 
of the disease in these patients [4, 5]. Direct inguinal hernia is rare in children, mainly 
diagnosed during surgery, and may be a result of inguinal floor trauma after surgical 
reconstruction of indirect hernia or as a result of higher intra-abdominal pressure.

3. Bilateral inguinal hernia

The incidence of bilateral inguinal hernia is not clearly defined. This occurs 
because the consideration of the patent processus vaginalis as a potential for caus-
ing actual hernia is still under debate. However, there are predisposing factors, such 
as gender, age, and the side of the precedent hernia, which seem to favor bilateral 
presentation and the necessity of simultaneous treatment of both sides [5]. Female 
gender, left-sided hernia, and prematurity seem to favor postoperative contralateral 
hernia appearance. Collagen disorders, cystic fibrosis, and ventricular-peritoneal 
shunts are followed by higher bilateral rates and present higher risk of anesthesia 
complications.

Bilateral management is recommended in preterm infants due to high incarcera-
tion risk, and in infants and young children with the prementioned disorders, in 
patients with a history of incarcerated hernia, and in patients under increased 
anesthetic risk. The final medical decision is patient-personalized in cooperation with 
the parent and in accordance with the current data.

4. Embryology and pathophysiology

To fully understand the inguinal hernia embryology and pathophysiology, some 
evidence of the inguinal canal formation and the testicular descent should be recalled.

4.1 Formation of the inguinal canal

The dynamic development of the inguinal canal is closely connected to differ-
entiation of the gonads and their migration into the scrotum. The inguinal canal is 
established in both sexes even though testicular descent occurs in the male, while in 
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the female the ovary remains inside the pelvis as the Fallopian tube acts as a barrier. In 
the female, the gubernaculum becomes the round ligament [6].

4.2 Testicular descent

The intra-abdominal differentiation of the male gonad is followed by its descent 
through the inguinal canal, guided by the gubernaculum. The gubernaculum origi-
nates in two triangular mesenchymal condensations, the inguinal plica dorsal to the 
Wolffian duct and the inguinal crista opposite the plica [6, 7]. The growth and dif-
ferentiation of the gubernaculum is induced by insulin-like factor 3 (INSL3), which is 
secreted by Leydig cells [8, 9]. The pelvic portion of the gubernaculum is created by 
merging the mesonephric and inguinal portions. The inguinal portion continues to 
extend as far as the superficial inguinal ring, which is formed by the external oblique 
muscle. Condensation of the mesenchyme progresses caudally to form the scrotal part 
of the ligament. Notably, the gubernaculum is not connected to the gonads at any 
time during embryogenesis. At the end of this period, the vaginal process appears as a 
protrusion and evagination of the peritoneum that surrounds the pelvic and inguinal 
portion of the gubernaculum.

It is controversial as to whether the gubernaculum acts as a guide through the 
inguinal canal or actively pulls the testis into the scrotum. In contrast to males, in 
females it is remodeled into the round ligament in female fetuses. Herein, the vaginal 
process reaches only the initial section of the inguinal canal and the ovaries do not 
reach the abdominal wall [7].

At the 32–35th gestational week, the gubernaculum descends from the region of 
the internal inguinal ring, accompanied by a parietal peritoneal diverticulum, the 
future vaginal process (processus vaginalis), to its final destination in the scrotum, 
through the anterior wall muscles [6]. More specifically, it is accompanied by the 
transversalis fascia, and the internal and external oblique abdominal muscles, which 
form the final testicular layers in the scrotum. During further development, the 
vaginal process elongates and eventually envelops the gubernaculum.

The vaginal process normally obliterates around the 35th week of gestation and 
becomes the tunica and processus vaginalis. Failure of this obliteration leads to a per-
sistent vaginal process that may result in an inguinal hernia or a hydrocele depending 
on what the content is, either an intraperitoneal organ or a peritoneal fluid. In both 
cases, the final management target is occlusion of the processus vaginalis [6].

The testicular vessels and vas deferens are retroperitoneal structures that exit the 
internal ring behind the gubernaculum and the vaginal process. As a result, the future 
processus vaginalis lies anteriorly and slightly medially to the spermatic cord structures. 
When the processus remains patent, a potential hernia results, and may become an 
actual hernia when an intra-abdominal content exits the cavity into it. The sac of her-
nia can be extremely thin or thick according to the age of the patient, the symptoms, 
or the incarceration occurrence [6, 7].

5. Clinical presentation

Indirect inguinal hernia may present as an inguinal protruding mass toward the 
scrotum in boys or descending toward the labia in girls. It is easily observed in condi-
tions of enhanced intra-abdominal pressure and may spontaneously reduce after 
gentle lateral pressure.
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It is not unusual for a bulge to be felt by the patient during clinical examination. The 
silken cord sign may be revealed by careful palpation, as thickening and slipperiness of 
the cord structures during examination of the inguinal channel [10]. In general, a careful 
history in combination with a careful examination set the diagnosis [11].

When there is no sign during examination and only a pediatric note is available, a 
good history-referring to a recurrent inguinal bulge, which is spontaneously reduced 
or gradually becoming difficult in reducing, is adequate to proceed with surgery. An 
ultrasound may seem useful. A firm, tender mass occupying the inguinal canal and 
possibly extending to the scrotum may be the first sign of an inguinal hernia (possible 
acute obstructed hernia) and requires urgent management [11].

Direct inguinal hernia is rare, noticed as a protruding inguinal mass close to the 
epigastric vessels, either spontaneously or after provoked higher intra-abdominal 
pressure. A history of previously surgically corrected ipsilateral inguinal hernia may 
be noted.

6. Diagnosis

The clinical features, combined with a careful history and an inguinal ultrasound 
occasionally, set the diagnosis. Inguinal hernia should be differentiated from a hydro-
cele. Differential diagnosis includes the potential acute scrotum etiology in cases of a 
painful inguinal mass not previously noticed. All the potential inguinal mass situa-
tions include torsion of the testis or the testicular appendages (Sinopidis [12]), infec-
tion, and trauma. A careful history, a thorough physical examination, and a regional 
ultrasound may differentiate all these situations from a hernia.

The hydroceles are asymptomatic inguinal, scrotal, or inguinoscrotal, nonsensi-
tive masses that can be intermittently seen. An empty scrotum in the morning, which 
progressively enlarges throughout the day, is typical of a communicating hydrocele. It 
can be slowly reduced by sustained pressure during examination. The transillumina-
tion sign can be diagnostically helpful. Hydroceles are corrected with surgery only in 
children older than 12–18 months, when the process vaginalis is unlikely to close. The 
idiopathic scrotal edema appears as edema of the scrotum in total accompanied with 
external irritability and regional erythema. There is no processus vaginalis or testis 
interference. Finally, a tumor may occur, although a rarity [11].

7. Uncommon hernia types

Content of hernia sac usually includes omentum, small and large intestines, lateral 
ankle of bladder, and ovary in female [Scott]. Rarely, content may include the appen-
dix (Amyand’s hernia), Meckel’s diverticulum (Littré’s hernia), or only a part of the 
small intestine (Richter’s hernia).

7.1 Amyand’s hernia

Amyand’s hernia is a hernia that contains the vermiform appendix. It is extremely 
rare, with an incidence of 0.5–1%. It mainly occurs in the right inguinal region, but it 
may be found as well in the left inguinal area, due to mobile cecum, malrotation, or 
situs inversus [13]. The presence of a noninflamed appendix in the inguinal hernia 
is three times more common in children than in adults, due to the persistent patency 
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of the processus vaginalis in infancy and childhood [13]. The pathophysiology of 
acute appendicitis in the inguinal canal is under controversy. It is not certain whether 
a relationship exists between incarceration and inflammation, or whether it is inci-
dental [14]. Amyand’s hernia is usually diagnosed during surgical exploration of the 
groin, though ultrasound can prove helpful in children [14, 15]. Neonatal appendicitis 
is extremely rare (0.1% of appendicitis cases in infancy, which constitutes 2% of pedi-
atric appendicitis). Premature neonates account for 50% of these cases, and in one 
third of these, the inflamed appendix lies within a hernia. Enterocutaneous fistula 
secondary to appendicitis in an Amyand’s hernia is also extremely rare [14].

7.2 Littré’s hernia

Meckel’s diverticulum (MD) occurs as a result of incomplete obliteration of 
the omphalomesenteric duct during fetal development. It is typically found at the 
antimesenteric border of the ileum, usually located from 30 to 90 cm from the ileoce-
cal valve, presenting occasionally ectopic gastric or pancreatic mucosa, and remains 
asymptomatic in 91–96%. When symptomatic, it appears frequently as hemorrhage, 
perforation, inflammation, and obstruction [16]. Involvement of a MD in a hernia is 
known as Littré’s hernia (LH) [17]. In LH, a protrusion of the MD through a remain-
ing patent processus vaginalis is observed in less than 1% of MD cases, usually on the 
right side and it is difficult to diagnose before surgery. It is more frequent in boys, but 
overall rare in children [18]. LH has been divided into two distinct subtypes. A true 
one, which is more common, contains Meckel’s diverticulum. A mixed type contains 
a segment of small bowel in addition to MD and is less commonly reported [18]. The 
clinical preoperative diagnosis remains difficult, even in cases of strangulated ingui-
nal hernias, whereas obstruction can occur if the base of the diverticulum is broad 
enough to cause narrowing of the intestinal lumen [19].

7.3 Richter’s hernia

Richter’s hernia is formed when the antimesenteric border of intestine pro-
trudes into the hernial sac, but it never involves all the intestine. Such a protru-
sion through the inguinal canal is a rare clinical entity and evolves 12–36% of all 
presentations. The femoral ring (36–88%), postincision hernias (4–25%), spigelian 
hernias, and the umbilicus (extremely rare) are other possible locations [20, 21] 
The hernial sac usually contains a segment of the distal ileum, however any part 
of the gastrointestinal tract may be involved. Pediatric evidence is scarce, and our 
knowledge is mainly based on the adult population [20]. Clinical presentation 
is often misleading. An abnormal internal ring predisposes to strangulation and 
blood supply compromise, leading to ischemia and intestinal necrosis. Compared 
with patients with other hernias, patients with Richter’s hernias have greater pre-
operative delay, rate of bowel resection, length of hospital stay, and postoperative 
morbidity and mortality rates [21].

8. Complications

Inguinal hernias can be strangulated and incarcerated. Premature children are sus-
ceptible to hernia incarceration (up to 60% during the first 6 months of life) [11]. The 
intestine as well as the ovaries or the fallopian tube can be incarcerated. The patient 
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presents irritability and complains of groin pain. When the bowel is strangulated, 
cramping abdominal pain, vomiting nonbilious at first but rapidly progressing to 
bilious one, signs of ileus can be found. The physical examination reveals a firm, pain-
ful nonreducible mass in the inguinal area or even extending to the scrotum. Blood 
may be revealed in rectal examination in cases of intestinal necrosis. A history of 
known hernia in the affected area might be noted. Incarceration might sometimes be 
the first clinical presentation of an inguinal hernia. Incarcerated hernias with no signs 
of strangulation can be reduced nonoperatively in 80% of cases, followed by surgery 
in elective time. However, failure of reduction after three manual attempts or a hernia 
that remains unreduced after 2 h, including after attempt of gentle manual reduction, 
requires urgent surgical reduction and repair as further delay may jeopardize the sac 
contents, as well as the testis in the male [11].

9. Surgical management

Surgical repair is the definitive treatment of an inguinal hernia. Although such an 
operation is one of the most common methods in pediatric surgery, many issues arise, 
concerning the kind of anesthesia, the technique used in either elective or urgent 
fashion, the timing of the repair, especially for the preterm infants, and the contralat-
eral exploration during surgery for unilateral inguinal hernia.

10. Anesthesia

General anesthesia is a golden standard option in pediatric surgery. In expert hands, 
there is a very low risk of complications, with postoperative apnea being the most 
common. Moreover, the use of antidotes makes this technique more suitable for short 
duration procedures [22]. However, general anesthetics and sedatives have been accused 
of having possible, harmful effects on the developing brain of a child [23]. General 
anesthesia, especially in preterm infants, can cause apnea and bradycardia postopera-
tively, meaning a reduced blood flow to the brain [24]. Such a decrease in oxygen supply 
could negatively affect the development of the central nervous system [25]. Although 
not the most appropriate for small duration procedures, regional central anesthesia is 
gaining ground. It is more cost effective than general anesthesia [26], creates minimal 
cardiorespiratory disturbances [22, 27], prevents the complications of high-risk patients 
with difficult intubation, is better tolerated in patients with respiratory diseases [28], 
and decreases neuroendocrine stress as a response to surgery [29].

One of the major issues of spinal anesthesia is the high failure rate that can reach 
20% of the cases [30]. On the contrary, there is no mention of failure for general 
anesthesia. No fatal incidents have been reported during regional central anesthesia. 
The complications of this technique are usually minor. The most usual are post-dural 
puncture headache (2–4%), back pain (5–10%), and transient neurological symptoms 
(3–4%) [31].

11. Timing of operation

One of the most debated issues, concerning inguinal hernia repair in children, 
is the timing of operation, especially in preterm infants. It is common knowledge 
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among pediatric surgeons that in full-term infants and children of any age, without 
other comorbidities, an inguinal hernia should be repaired soon after diagnosis [32].

However, in preterm infants. The optimal timing to perform surgical repair 
(before or after hospital or neonatal intensive care (NICU) discharge) remains con-
troversial, due to the difficulty of balancing the risk of incarceration against the risk 
of intraoperative and postoperative complications [33, 34]. One of the first attempts 
to overcome this problem was the choice of many pediatric surgeons in the late 1990s 
and early 2000s, to opt for an operation when the child was at least 2 kg of weight, 
trying in such manner to minimize as possible the risk of strangulation concurrently 
with the risk of intraoperative and postoperative complications, although a lot has 
changed since then.

Some researchers argue that the risk of incarceration in infants is increased at 
least twofold, if the surgical repair gets delayed 14 days after diagnosis, reaching 
60% of the cases, especially in preterm infants [35, 36]. On the other hand, many 
studies have demonstrated no significant difference in incarceration rates between 
patients undergoing hernia repair before (18.1%) and after (11.3%) discharge 
[37–41]. Of note, weight (either at birth or at incarceration), prematurity, sex, 
and side did not significantly correlate with the incidence of incarceration [42]. 
Many surgeons have also reported that early surgery for inguinal hernia in preterm 
infants increases five times the risk for postoperative apnea and ventilator depen-
dence, with a maximum percentage of 4.7 in case of infants with postconceptional 
age less than 45 weeks [41, 43]. More specifically, respiratory problems were 
reported in 5.1 and 3.3% of the patients with early and late repair, respectively 
[37–40, 44]. Moreover, many surgeons have observed a 1–9% possibility of recur-
rence, if preterm babies were operated before discharge, due to the small anatomic 
area during surgery and the friable hernia sac [42, 45, 46]. Between preterm 
patients with early repair of inguinal hernia and those with late repair, the recur-
rence rate was 5.7% against 1.8% [37–40].

The European Pediatric Surgeons’ Association Evidence and Guideline Committee 
concluded that no significant differences were found for incarceration between early 
and late surgical intervention in preterm infants with inguinal hernia. However, the 
late repair of a hernia after discharge from the hospital or NICU in a preterm infant 
will have better outcomes in terms of respiratory complications and hernia recurrence 
[41]. To sum up, a hernia in healthy full-term children should be electively repaired 
soon after diagnosis. On the other hand, the perfect timing for the repair of a hernia 
in a preterm infant is not 100% clear and every single case should be considered 
according to the specific needs of the patient.

12. Contralateral exploration

The exploration and repair of a contralateral patent processus vaginalis is still 
a matter of debate. It has been reported that gender, age, and birth weight have no 
influence on the development of a contralateral metachronous hernia [47, 48]. Many 
surgeons prefer to explore and repair the contralateral side, especially if the patient 
has birth weight less than 1500 gr, if it is a female, and if the operation is scheduled 
for a left-sided hernia [42]. It can be understood that during laparoscopic surgery, 
the inspection of the contralateral side is very easy to perform, but in case of open 
surgery, the exploration of the other side implies an increased risk of vas deferens and 
vessels’ injury.
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According to literature, the likelihood of a patent processus vaginalis in the oppo-
site side ranges from 20 to 70% [36, 41, 49–51]. However, the overall presentation of 
a metachronous hernia in an initially asymptomatic contralateral processus vaginalis 
does not exceed 11.6% [41, 47, 48, 51–54]. Although the fact that such a percentage 
increases if the patient is preterm or less than 1 year of age, female, with a left-sided 
initial hernia, it must be underlined that the routine repair of a contralateral explored, 
asymptomatic patent processus vaginalis during laparoscopy or the choice to proceed 
to the opposite side during open surgery may result in overtreatment [42, 50, 53].

As regards laparoscopic procedures where the contralateral side is easily explored 
for a patent processus vaginalis, 20 procedures must be performed to avoid one 
metachronous inguinal hernia [51, 54]. For these reasons, European guidelines affirm 
that exploration and repair of the opposite site during surgery for unilateral inguinal 
hernia in children may prevent the development of a metachronous one, but such 
practice should not become the routine method because of the extensive heterogene-
ity among the currently available evidence [41].

13. Surgical technique through inguinal incision

The most common approach for repair of an inguinal hernia in children is through 
an inguinal incision. With the patient in supine position, a small cut is made through 
the dermis in the middle of the line that connects the anterior superior iliac spine and 
the pubic tubercle. The incision continues down to the subcutaneous fat, Camber’s 
and Scarpa’s fascia. Ladd and Gross, the fathers of pediatric surgery, preferred to 
open the external oblique muscle and perform reconstruction of the inguinal canal 
(Ferguson procedure), while others avoid entering the inguinal canal (Mitchell-Banks 
repair) [55].

The internal and external rings in the neonate are almost overlapping anatomi-
cally. As the patient grows, some distance is observed between the two, which in the 
adults results in 4 cm. The external oblique muscle is opened with a longitudinal inci-
sion to its fibers. The sac is identified beneath the transversalis fascia and the crem-
asteric muscle, which is dissected taking care not to traumatize the ileofemoral and 
ileoinguinal nerves. The hernia sac is grasped, and the cord structures are dissected 
gently, without injuring the vas deferens and the spermatic vessels in males, while in 
females such risk does not exist.

The sac is clamped, ligated, and divided. The distal part may be left without 
ulterior manipulation, due to the risk of injury of the testicle. The proximal part is 
dissected until the level of the internal ring twisted on itself and double ligated with 
monofilament absorbable suture and ligated. Routine inspection of the testis is not 
needed, but if so, particular care should be taken to place the testis in its right position 
inside the hemiscrotum. The surgical wound is closed in layers according to the right 
anatomical order. The skin is closed with subcutaneous suture for a better esthetic 
result. A dressing protects the wound from stools and urine.

In females, 40% of the inguinal hernias are sliding hernias. For this reason, the 
proximal part of the sac is opened, explored, and any structures are reduced inside 
the abdominal cavity. If the ovary or the fallopian tube makes part of the wall of the 
inguinal sac, the closure of the sac is performed by placing an external purse-string 
stitch above the level of protruding structure and then invert the sac in the internal 
ring, which is closed with sutures (Bevan repair) [56].
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14. Laparoscopic procedure

The first to report a laparoscopic hernia repair was El-Gohary, but he only oper-
ated in females [57]. The transabdominal purse-string stitch technique was presented for 
the first time by Montupet and Esposito in 1999, which was, also, the first successful 
laparoscopic inguinal hernia repair in boys [58]. It is one of the most used among 
pediatric surgeons, although multiple laparoscopic techniques have been proposed. 
Scier described his intracorporeal repair with z-stitches of the processus vaginalis in 
females only and 12 years later, he described a similar procedure in males, but used 
several interrupted stitches than the z-suture to close the sac [59].

Many other techniques for transabdominal repair have been presented with small 
novelties, such as injection of normal saline (2 ml) into the extraperitoneal space to 
elevate the peritoneum away from the vas deferens and the testicular vessels, division 
and suture of the patent processus vaginalis at the level of the internal inguinal ring, 
use of the peritoneum to cover the processus vaginalis, and circumferential division 
of the peritoneum at the deep ring by purse-string closure of the proximal perito-
neum [60–63].

Prasad et al. in 2003 presented for the first time the extraperitoneal repair [64]. 
Since then, a variety of devices and slight modifications have been described to 
improve the extracorporeal technique [65–73].

Some researchers have combined the open and laparoscopic techniques for a better 
overall result [74]. The transabdominal laparoscopic hernia repair is performed with 
the patient in the supine position. A foley catheter is always placed, to avoid injury to 
the bladder. After the placement of a 5 mm trocar transumbilically, pneumoperito-
neum is achieved with a pressure of 8–12 mmHg, according to the size of the patient. 
Two 3 mm small incisions in the right and left lower quadrants are made and two 
3 mm trocars are placed. Usually, the surgeon is positioned in the contralateral side 
of the hernia and the monitor in the ipsilateral side. Obviously, any hernia contents 
are reduced before beginning repair of the hernia. In males, the cord structures are 
identified and carefully excluded from the purse-string stitch that will close the sac, 
while in females many include the round ligament in the purse-string stitch. After 
completion of the operation, the gas used is removed from the peritoneal cavity. The 
3 mm wounds do not require stitches and can be closed with steri-strips or skin glue. 
The wound of the umbilicus is closed with absorbable stitches in layers according to 
the right anatomical order. The contralateral side can be easily evaluated, and bilateral 
repair can be performed if necessary.

In the extracorporeal procedure, the only port used is the one in the umbilicus. The 
level of the internal ring is identified with palpation and compression. A small inci-
sion is made anterolateral to the ring itself. A curved awl that bears a suture is passed 
around the lateral half of the internal ring. After half of the sac is surrounded by the 
suture, the awl pierces the peritoneum, and the suture is grasped. The empty awl is 
withdrawn and reinserted into the wound. It passes around the medial half of the 
internal ring and once more enters the peritoneum at the same point the suture is left, 
previously, in the abdominal cavity. Care must be taken to exclude the vas deferens 
and vessels. The suture is passed through the awl and the awl is pulled out of the 
abdomen completing the purse string. The knot is tied extracorporeally and buried in 
the subcutaneous tissue.

A special note must be made for the extraperitoneal repair described by Patkowski 
et al. (percutaneous internal ring suturing, PIRS) and used as minimal invasive 
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procedure by many surgeons in the modern era [68]. An 18-gauge injection needle, 
with a nonabsorbable 2–0 monofilament thread inside the barrel of the needle, 
is introduced into the abdominal cavity under laparoscopic guidance, leaving the 
ends of the thread outside the patient’s body. By moving the tip of the needle, the 
thread passes under the peritoneum, over the half of the internal ring including a 
part of the ligament and adjacent tissue. The thread is pushed through the barrel of 
the needle and a loop is created. The needle is pulled out and one of the ends of the 
thread is introduced once again inside the peritoneal cavity in the same manner as 
that described before. Care is taken to puncture with the needle the same point on 
the skin. This time the thread surrounds the other half of the internal inguinal ring 
including once more part of the ligament. To avoid injury to the vas deferens and 
vessels, a small space is left above these structures. The end of the thread goes through 
the barrel of the needle into the loop and the needle is withdrawn. The thread loop 
is pulled out of the abdominal cavity, with the thread end caught by the loop. In this 
way, the thread is placed around the internal ring under the peritoneum, and both 
ends exit from the same point on the skin. A knot is made to close the inguinal ring 
and placed under the skin.

Single-port laparoscopy procedures, intracorporeal and extracorporeal, have been 
described. Such techniques seem to be a feasible and safe alternative to repairing 
inguinal hernia in the pediatric population [75, 76].

15. Open versus laparoscopic hernia surgery

When comparing the open procedure with the laparoscopic methods, we evaluate 
the operative time, the recurrence rates, metachronous hernia rates, the lengths of 
hospitalization, and the complications. Perioperative complications include injury of 
the vas deferens and spermatic vessels in males and ovaries in females, bleeding, and 
bowel trauma. Postoperative complications are testicular atrophy, iatrogenic ascent 
testis, hematoma, edema, hydrocele, and wound infection.

Unilateral repair of inguinal hernia in children has no difference in operative 
time between open and laparoscopic techniques, although most of the researchers 
agree that in females, both procedures last less [77–82]. Some of them have presented 
shorter operative time with the laparoscopic repair for unilateral hernia, especially 
with the PIRS procedure, but insist that the learning curve and, thus, the experi-
ence of the surgeon is of great importance [41, 82–84]. Recurrence rates are similar 
in both techniques, ranging from 0 to 6.3% for open surgery and from 0 to 5.7% for 
the laparoscopic procedures [77, 79–82, 85]. Some researchers argue that the risk of 
recurrence after laparoscopic surgery is much higher, even reaching 26.7% of the 
cases [86]. Such a high percentage of recurrence is justified by many, because of the 
surgeon’s inexperience and comorbidities of the patients, especially pulmonary dis-
eases [87, 88]. Moreover, most of the studies present an average follow-up of 2–3 years 
of the patients who have undergone surgery, while some studies claim that a follow-up 
of at least 5 years is necessary to put on display the majority of the recurrences [89].

As regards the rates of metachronous contralateral hernia, the results are contro-
versial. On the one hand, there are researchers who claim that no difference is dem-
onstrated between open and laparoscopic procedures [79, 82, 90, 91]. On the other 
hand, there are studies that present a percentage of 5.9% of metachronous hernia 
in the open repair and near to zero in the laparoscopic procedures. This is, easily, 
understood, because of the easy inspection of the contralateral side in a laparoscopic 
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surgery, although, as mentioned, a treatment of every patent processus vaginalis can 
result in overtreatment [91–95]. The length of hospitalization (4–6 h), postoperative 
pain, and, consequently, the time for a full recovery do not show significant differ-
ences between the two techniques [77, 79–82, 90].

Perioperative complications like bleeding (5.7%) testicular injury or trauma of the 
vas deferens or the vessels (0.13–1.6%) and ovarian lesion seem to have the same rates 
between open and laparoscopic procedures [77, 81, 85, 89, 91]. With regard to postop-
erative complications, most of them conclude that there are no significant disparities 
between open and laparoscopic procedures, although testicular compromise can 
range from 2.6 to 13%, especially in case of strangulated hernias [77, 79, 80, 89–91]. 
Nonetheless, some claim that open and laparoscopic repairs present slightly different 
rates for some postoperative complications. For example, testicular atrophy can range 
from 0 to 13% of the cases in open repair, while in laparoscopic procedures this percent-
age is almost zero. The same applies to injury of the spermatic vessels, which in open 
procedures reaches a percentage of 1.6%. The risk of iatrogenic ascent testis was more 
pronounced in laparoscopic surgery (3.2%), whereas in open surgery it was 1.2–2.7%. 
Hydrocele formation was seen in 2.9 and 5.7% of the cases in open and laparoscopic 
procedures, respectively [81, 91, 96, 97]. Finally, most studies concur that the cos-
metic results of the laparoscopic procedures are superior if compared with those of 
the open surgery [70, 71, 79–81, 85, 92, 98].

16. Management of strangulated hernia

If the surgeon is certain that there is no compromise of an internal organ, a reduc-
tion maneuver can be attempted. The patient is laid in a supine position. The sac with 
the incarcerated bowel lies in front and anteriorly of the external inguinal ring in such 
a fashion that the ridge of the ring is covered by the sac and its content. Standing next 
to the patient, the surgeon must perform a maneuver of gentle continuous pressure 
of the herniated bulge with one hand, while with the other hand, firm pressure to the 
margins of the external ring is applied, to prevent overlapping the ridge, and obtain 
reduction into the inguinal canal.

The success of the procedure can be understood by the relief of the patient and 
from a sensation of sudden liberation in the fingers that apply pressure to the bot-
tom of the hernia, usually accompanied with a characteristic sound. This maneuver 
can last for several minutes and can be facilitated by light sedation or intramuscular 
administration of pethidine. It is recommended to conduct the follow-up of the 
patient for 24 to 48 h, to observe the stools, since reduction of gangrenous intestine 
has been reported [99]. The definitive repair of the hernia should be delayed for at 
least 48 h, due to edema of the tissues.

In case of peritonitis or signs of shock, due to serious bowel compromise or if the 
manual reduction fails, broad-spectrum antibiotics are administered, a nasogastric 
tube and a foley catheter are placed, and the patient is promptly brought to the opera-
tion room. We should mention that in females, the strangulated organ can be a part of 
the intestine or the bladder, but, also, an ovary, a fallopian tube, or the mesosalpinx. 
General anesthesia is, sometimes, sufficient for the reduction of the hernia, nonethe-
less the operation should proceed.

The operation with a standard inguinal incision is used by most surgeons. Others 
prefer an incision in the longitudinal axes of the inguinal canal, which will make the 
surgery easier in case of a compromise bowel that needs to be excised. The external 
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inguinal ring is cut. If the hernia contents are present, the hernia sac is opened, and 
the bowel is inspected. If not compromised, the content is reduced, and the procedure 
continues in the standard fashion. If the internal ring is still constringing the sac or if 
the bowel is not viable, the inferior epigastric vessels are ligated and part of the floor 
of the inguinal canal is opened to enlarge the external ring. Any necrotic bowel must 
be excised, and an end-to-end anastomosis is performed through the inguinal inci-
sion. During closure, the floor of the inguinal canal must be repaired.

If the content of the hernia is reduced before it can be inspected, the surgeon 
should search for indirect signs of intestinal necrosis, such as foul smell or blood-
stained fluid. In dubious cases, a camera can be placed through a port in the umbilicus 
and if compromised intestine is found, the incision of the umbilicus is enlarged, and 
the bowel is brought out for repair.

Laparoscopy is gaining ground for the repair of a strangulated hernia and accord-
ing to some researchers, it presents certain advantages from a technical point of view 
[99]. It is straightforward that with laparoscopy the incarcerated organ can be easily 
inspected. It is not necessary to wait a few days for the tissue edema to abate and there 
is no manipulation of the structures of the cord. Depending on the experience of 
the surgeon, some prefer to reduce and inspect the bowel through laparoscopy and 
proceed with herniorrhaphy through the standard inguinal incision [100].

17. Conclusions

Inguinal hernia is the most common surgical disease in children. Although a daily 
issue in pediatric surgical routine, there are still debates on certain characteristics 
regarding management decisions and surgical technique. Both open and laparoscopic 
surgical procedures present their advantages and their risks. However, if we remem-
ber the declaration of the Hippocratic oath for the good of the patients according to 
our ability and judgment, we shall avoid overtreatment and any unnecessary impact 
on patients and their families. Furthermore, we must have in mind that the future is 
in minimal invasive surgery. If used with prudence and with a proper learning curve, 
as technology gets better and more specific, there will be only profit for the health of 
pediatric patients.
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Chapter 11

Management of Strangulated 
Inguinal Hernia
Mohamed Arif Hameed Sultan and Dayang Corieza Febriany

Abstract

Strangulated inguinal hernia occurs when part of the hernia becomes irreducible 
and subsequently causes bowel ischemia secondary to a reduction in blood flow to the 
hernia. Therefore, management strategy differs and depends on the presentation of 
the hernia, duration, patient, and surgical factors. One thing is for sure: conservative 
management is not recommended for a strangulated inguinal hernia, as it always 
requires surgical intervention. Among others are diagnostic laparoscopy, open her-
nioplasty with the hybrid technique, and laparotomy followed by inguinal hernior-
rhaphy. Eventually, the outcome of the surgery has to be considered while managing 
strangulated inguinal hernia cases. Prompt diagnosis and management are required to 
reduce the morbidity and mortality associated with strangulated inguinal hernias.

Keywords: hernia, herniorrhaphy, ischemia, laparoscopy, laparotomy

1. Introduction

Hernia is defined as a protrusion of the viscus or part of the viscus through an 
abnormal opening of the walls of its containing cavity. The incidence in full-term 
babies is estimated at 1–5%, and it is close to 10% in pre-term babies (bilateral 
hernias are more common in pre-term babies). The most commonly protruded 
viscus includes the small bowel, large bowel, omentum, bladder, appendix (amyand’s 
hernia), or even gynecological organs.

An inguinal hernia happens due to the weakening of the lower abdominal wall 
for various reasons. Congenitally, it is due to patent processes vaginalis which is an 
outpouching of the peritoneum [1]. It affects both men and women of various ages. 
However, inguinal hernia is more prevalent in males, whereas femoral hernia is more 
common in females. Having said that, strangulation is seen more in the femoral 
hernia as opposed to the inguinal hernia due to the narrow neck of the femoral hernia. 
Generally, the femoral hernia will pass inferior-laterally to the pubic tubercle whereas 
the inguinal hernia, on the other hand, will pass superior-medially. Direct inguinal 
hernia involves protrusion of the viscus through the weakening of Hesslebach’s 
triangle. The inguinal ligament, inferior epigastric vessels, and the lateral edge of the 
rectus sheath all encircle these triangles.

Inguinal hernias can be managed conservatively unless the patient presents with 
obstruction or strangulation, where surgical correction is warranted [1]. Reducible 
inguinal hernias can be managed expectantly with an outpatient elective hernioplasty. 
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Irreducible hernias, on the other hand, need further assessment and intervention. 
Based on a Cochrane review, it can be concluded that eventually, 54% of all ingui-
nal hernias need surgical intervention due to complications such as incarceration 
or strangulation. Hence, elective surgical intervention is usually suggested for all 
patients with inguinal hernias. The attending surgeon should explain clearly to 
patients the various available options and possible complications should the patient 
present in an acute setting with intestinal obstruction. This is because the morbidity 
and mortality of hernioplasty increase in the emergency setting as opposed to the 
elective setting. A holistic approach needs to be taken when managing such compli-
cated cases. Proper communication and documentation should be done in dealing 
with such cases to avoid any potential medico-legal issues later.

Patients with a strangulated inguinal hernia usually present with nausea and 
vomiting, localized abdominal pain, abdominal distention, absolute constipation or 
diarrhea, per-rectal bleeding in cases of bowel ischaemia and less commonly, fever. 
Clinically, these patients will be in pain, dehydrated and septic looking. Prompt 
resuscitation is needed to reverse the physiology back to normal before the operation. 
Chest and abdominal radiographs can be taken to look for any evidence of bowel 
strangulation or perforation. Fluid resuscitation, analgesia, and antibiotics should be 
commenced as soon as possible upon presentation in cases suspecting bowel isch-
aemia. Following adequate resuscitation, the patient should be brought to the operat-
ing theater for definitive surgery.

A prospective study done by Nazir Ahmad et al. found that the common opera-
tive procedure for strangulated hernia includes Darning and Bassini repair, resection 
and primary anastomosis of the ileum, partial omentectomy, obliteration of inguinal 
canal and lastly orchidectomy [2]. The treatment strategy is usually individualized 
depending on the patient’s presentation to the emergency department. If bowels are 
viable, a mesh repair is recommended. However, if there is bowel ischaemia needing 
bowel resection, the best would be to proceed with darning or Bassini repair.

It has always been a debate about whether to apply mesh in cases where bowel 
resection is done. The risk of mesh infection requiring explanation as opposed to the 
risk of hernia recurrence later should be taken into consideration. We have to bear in 
mind that mesh infection can lead to severe intrabdominal sepsis and even death has 
been reported in some cases. Therefore, the operating surgeon must pay attention to 
all these potential issues when managing strangulated hernia cases.

2. Discussions on management of strangulated hernia

Irreducible inguinal hernia can either result in incarceration or strangulation. An 
incarcerated inguinal hernia is a hernia in which the content has become irreducible 
due to a narrow opening in the abdominal wall or due to adhesions between the hernia 
content and the sac. Intestinal obstruction may further complicate an incarcerated 
hernia. Usually, an incarcerated hernia can be managed electively as opposed to 
strangulated hernia.

A strangulated hernia on the other hand occurs when the blood supply to the 
contents of the hernia is compromised. This is a surgical emergency and warrants 
urgent surgical attention and intervention. Patients usually present with intestinal 
obstruction which can lead to subsequent necrosis, ischaemia and bowel perforation 
of the involved bowel within the hernia sac. Clinical presentations of strangulated 
hernia include erythema, oedema and severe pain.
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Irreducible hernia can also result in testicular damage or even atrophy second-
ary to pressure effects in boys [1]. Taxis or manual reduction of irreducible inguinal 
hernia should be avoided at all times. The reason is that what if the content reduced is 
part of the ischemic bowel stuck within the deep ring? The strangulation of the bowel 
can lead to the release of many toxins formation secondary to the injured mucosal 
wall. This will eventually lead to intraabdominal sepsis with significant morbidity 
and mortality. Therefore meticulous assessment in decision-making is warranted in 
dealing with such cases.

Decision-making in managing such cases should not be taken lightly as the mate-
rial risk associated is high. Any delay in surgical decision-making can result in serious 
post-operative morbidity or even mortality [3]. Figure 1 shows summarizes the 
diagnosis of strangulated hernia.

The commonly encountered problems include whether the strangulated portion 
of the bowel is viable and can be returned to the abdomen or whether resection 
has to be carried out. When the bowel is deep purple color and the sac contains a 
hemo-serous dark fluid, the likelihood of bowel ischemia needing bowel resection is 
extremely high.

There are a few ways to check for normal bowel viability which include a shining 
peritoneal surface, deep red in color with active peristaltic movement suggestive of 
normal bowel viability [3]. In short, timing is of utmost essential in the management 
of strangulated hernia as any delay in diagnosis and subsequent delay in operative 
intervention can result in high morbidity and mortality. Early diagnosis of strangu-
lated hernia can be difficult, however, missed or late intervention can result in deadly 
septic complications.

Figure 2 shows the description of various methods for managing strangulated 
inguinal hernias. No one method is superior to the other, every surgical intervention 
has its pros and cons. Hence, it is imperative to note that treatment strategies should 
be tailored accordingly. Ultimately, the outcome of the surgery is what matters. They 
are many ways in dealing with strangulated hernia, based on the above-mentioned 
figures, it can be broadly divided into open and laparoscopic surgery. However, it 

Figure 1. 
Diagnosis of strangulated inguinal hernia.
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has to be taken into consideration that laparoscopic hernia repair, especially in acute 
presentation with strangulation can be technically challenging. Open hernia repair 
closes the defects anteriorly and laparoscopic hernia repair (TAPP - transabdominal 
pre-peritoneal/TEP - totally extraperitoneal) closes the defects posteriorly. If the 
first surgery is done via open surgery, should the patient present with recurrence, a 
posterior approach should be advocated laparoscopically. However, if patients present 
under emergency as strangulated hernia, open surgery should be advocated. The role 
of laparoscopic hernia repair in emergency settings is debatable, depending on the 
availability of resources and local expertise [4].

Moving on, the following are the various available options for managing strangu-
lated inguinal hernia. Firstly, open hernioplasty or herniorrhaphy with hernioscopy. 
This subset of patients includes those that can be reduced spontaneously on admis-
sion but complain of persistent pain post taxis. For this group of patients, emergency 
inguinal exploration can be done.

Hernioscopy is done to enable the surgeon to visualize the entire peritoneal cavity, 
particularly looking into any evidence of bowel ischaemia needing bowel resection 
and anastomosis. This technique can be challenging and requires a steep learning 
curve. From the hernia sac, a trocar containing a laparoscope is inserted and held in 
place using a stay suture, pneumoperitoneum is created, and the abdominal cavity 
is inspected for any evidence of bowel ischemia. If negative, the best option would 
be Lichtenstein mesh hernioplasty. In situations where the bowels are compromised, 
the feasibility of the incision should be decided by the surgeon. In cases where the 
bowel is dilated needing decompression and resection, midline laparotomy should be 
performed, and the inguinal defect closed via fascial repair.

Frequently performed techniques for fascial repair include Darning repair and 
Shouldice repair. In darning repair, a continuous suture is done between the con-
joint tendon and the inguinal ligament without approximating the two structures. 

Figure 2. 
Management of Strangulated Hernia.
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On the other hand, in Shouldice repair, a four-layered reconstruction of the posterior 
inguinal region is performed, approximating conjoint tendon to transversalis fascia, 
transversalis fascia to the inguinal ligament and internal oblique to the inguinal 
ligament.

The risk of inguinal hernia recurrence following fascial repair is high. However, 
what remains a debate, is Lichtenstein mesh hernioplasty following bowel resection 
from a strangulated inguinal hernia is recommended. The risk of mesh explanation 
and subsequent prolonged hospital stay for sepsis secondary to mesh infection is very 
high. It can even result in mortality. This is assuming there is an infection of the mesh, 
however, if there is no risk of mesh infection, Lichtenstein mesh hernioplasty is the 
widely accepted surgical procedure for inguinal hernia.

Moving on to the next treatment option is laparotomy and herniorrhaphy with 
or without bowel resection. This subset of patients includes those with radiological, 
biochemical and clinical evidence of bowel ischemia. Generally, patients would have 
dilated bowels and distended abdomen. By performing midline laparotomy, the sur-
geon can easily perform bowel decompression proximally, distally or via enterotomy.

At the same time, a midline laparotomy allows closer inspection of the bowel to 
look for any evidence of bowel ischaemia. Proper surgical exposure facilitates surgery 
and improves the outcome of surgery while reducing the operating time. The inguinal 
defects can be closed while doing the laparotomy. However, the risk of recurrence is 
always there since only fascial repair is done and the patient should be well informed.

On the other hand, if no bowel resection is done, following midline laparotomy, a 
Lichtenstein mesh hernioplasty is strongly recommended. Another inguinal incision 
is usually performed once the midline laparotomy wound is closed, and Lichtenstein 
mesh hernioplasty is performed.

Bapurapu Raja Ram et al. published a new method called the “Window to win-
dow – one skin incision” approach. In this method, there is no division of the muscle 
and inguinal nerve and no ligation of the inferior epigastric artery, hence the normal 
anatomy is retained. Bowel resection and anastomosis are done through the same 
incision away from the site of the mesh repair that can be covered with a mop during 
operation. The incision that is used by the author is not the conventional inguinal skin 
crease approach, but the window-to-window – one skin incision. However, the limita-
tion of this study is one centre and one team. Hence, it requires further multicentre 
study and analysis [5].

Figure 3 shows a pre-operative and intra-operative picture of a patient that 
presented with 3 days history of pain, progressively worsening upon presentation. 
Blood results revealed high lactate, leucocytosis and metabolic acidosis in blood 
gas. Following resuscitation, the patient was counseled for surgery and consented. 
Intra-operatively, noted a small bowel loop stuck at the deep inguinal ring, the bowel 
appeared blue and dusky with hemo-serous fluid within the hernia sac. In this case, 
an inguinal incision is made initially to assess for bowel viability, followed by a 
midline laparotomy. The Shouldice fascial repair was done for this patient.

The next treatment approach is the minimally invasive surgical (MIS) approach 
in managing strangulated inguinal hernia. If expertise is available, a strangulated 
inguinal hernia repair can be attempted laparoscopically. Laparoscopic transab-
dominal pre-peritoneal (TAPP) repair can be done if there is no bowel ischaemia 
needing bowel resection. In cases where bowel resection is needed, it can also be done 
laparoscopically, however, this procedure is technically challenging. Usually, these 
procedures are performed in high-volume hernia centres [4].
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Proper patient selection is required to prevent complications later. This is because, 
although minimally invasive technique is advocated, we have to bear in mind that 
it’s not without complications. However, the application of mesh especially in cases 
where bowel resection and anastomosis were done should be avoided as the risk of 
mesh infection is high in this group of patients, even though a minimally invasive 
technique is advocated [6].

Last but not least, a hybrid technique can be undertaken while managing strangu-
lated inguinal hernia cases. The hernia can be reduced laparoscopically followed by 
Lichtenstein mesh hernioplasty in cases where there is no bowel ischaemia. If there 
is evidence of bowel ischaemia, following laparoscopic reduction of hernia content, 
bowel resection should be done, either open or laparoscopically. The principle is still 
the same in managing strangulated inguinal hernia. In cases where bowel resection 
is performed, mesh hernioplasty is not recommended. Instead, the fascial repair is 
preferred to prevent peritoneal protrusion through the myo-pectineal orifice.

Besides this, other pertinent issues need to be addressed when managing stran-
gulated inguinal hernia. Among others includes, managing the co-morbidity of the 
patients which includes diabetes mellitus and hypertension, nutrition status, sepsis 
due to bowel ischemia and lastly the pain secondary to strangulated hernia itself. 
All these need to be addressed and patients need to be optimized medically before 
embarking on surgical intervention. Detailed consent-taking is indicated in managing 
complicated hernia cases. A detailed explanation of the complications needs to be 
informed to patients to avoid any potential medico-legal problems. An ideal consent 
for strangulated inguinal hernia cases should include open hernioplasty, keeping in 
view bowel resection, stoma, midline laparotomy and orchidectomy.

Next, the question about hernia repair with or without mesh or even the use of 
biological mesh is controversial and debatable in emergency strangulation cases. 

Figure 3. 
Midline laparotomy, inguinal herniorrhaphy, bowel resection and primary anastomosis for strangulated inguinal 
hernia.
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Based on a few randomized control trials (RCTs), the usage of biological mesh for 
hernia repair involving large defects or recurrent hernias, especially in morbidly 
obese patients, is preferred [7]. There are several biological grafts available in 
the current market. Generally, if bowel resection is performed, herniorrhaphy 
is preferred rather than mesh repair as the risk of surgical site infection is high 
in dirty wounds, given the high recurrence rate which can be dealt with later in a 
more controlled environment as opposed to mesh repair that may or may not get 
infected. Hence, all these factors should be considered while managing strangulated 
inguinal hernia.

Another issue that needs to be highlighted is the occurrence of abdominal com-
partment syndrome following hernia repair. This subsets of patients include those 
with strangulated hernia with loss of domain. Assuming the hernia content can 
be reduced completely, the intra-abdominal pressure can be raised giving rise to 
abdominal compartment syndrome. If a patient presents to your clinic, then there 
are many ways to increase abdominal wall compliance while waiting for an elective 
surgery date. Among others include progressive pneumoperitoneum every week up to 
a few sessions and botulinum toxin injection on the anterior abdominal wall pre-
operatively. Intra-operatively, to reduce the incidence of abdominal compartments, 
the content of the hernia can be resected to reduce the intraabdominal pressure. 
Post-operatively, patients at risk of abdominal compartments should be nursed in the 
intensive care unit and abdominal pressure can be measured constantly.

3. Conclusion

In summary, the management of strangulated inguinal hernia requires a multidis-
ciplinary approach. Prompt diagnosis, adequate resuscitation and appropriate surgery 
need to be instituted soonest. Complications of bowel strangulation with regards to 
delayed diagnosis, misdiagnosis and delayed presentation lead to significant mor-
bidity and even mortality. Treatment strategy should be tailored according to the 
patient’s presentation and the best available surgical expertise.
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Hernia Mesh Fixation
Suphakarn Techapongsatorn

Abstract

Hernia mesh fixation is an integral part of both inguinal and ventral hernia 
surgical repair, allowing the mesh to cover the hernia defect until the mesh-tissue 
fusion process is complete. There are a variety of mesh fixation methods, materials, 
and devices currently available. The use of mesh fixation is considered a balance 
between the benefit of mesh fixation or the strength of fixation to keep the mesh in 
place versus the adverse effect of fixing the mesh. However, there is no consensus 
or evidence regarding the most effective mesh fixation. This chapter will enlighten 
surgeons on mesh fixation, especially those who wish to implement their knowledge 
of hernia management.

Keywords: mesh fixation, inguinal hernia, ventral hernia, tack, suture, glue,  
self-gripping mesh

1. Introduction

Following the recent guideline, mesh-based hernia repair is considered the 
standard treatment for both inguinal hernias [1–5] and ventral hernia [4, 6, 7]. Mesh 
is used to reinforce the inguinal floor and can be approached using both open and 
laparoscopic techniques. Transabdominal preperitoneal repair (TAPP) and totally 
extraperitoneal repair (TEP) are commonly utilized for laparoscopic approaches, 
whereas Lichtenstein’s hernia repair is typically utilized for an open approach. For the 
ventral hernia or incisional hernia, mesh is used to reinforce the hernia defect through 
the open or laparoscopic approach.

The purpose of the mesh used is to cover the hernia defect; subsequently, a 
mesh-tissue integration process will be developed. Mesh fixation is a technique used 
to retain the mesh in position until the mesh-tissue integration process is complete or 
about 2–3 weeks after surgery [8]. Presently, the mesh fixation methods are utilized 
in clinical practice and can be categorized as no mesh fixation or mesh fixation with 
a different kind of material and device such as suture, tacker, glue, or self-gripping 
mesh, which have different uses for both inguinal and ventral hernias. Mesh fixation 
is useful for keeping the mesh in position and closing the hernia defect; however, 
it may have adverse effects, including local tissue trauma [9], nerve injury due to 
entrapment [10], erosion [11], meshoma formation [12, 13], tack hernias [14], chronic 
pain [12, 15, 16], and infection [17].

In this chapter, we will provide updated evidence regarding various mesh fixation 
methods, materials, and devices for inguinal and ventral hernia repair.
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2. Technique for keeping mesh in place

In clinical practice, the techniques for keeping mesh in place can be categorized as 
no mesh fixation and mesh fixation. No mesh fixation is the method used for lapa-
roscopic inguinal hernias, as reported both in TEP [18–20] and TAPP [21–23]. At the 
end of the surgical procedure, expelling the air allows the peritoneum to attach to the 
mesh, while intra-abdominal pressure causes the extraperitoneal space to naturally 
close and constrict, allowing the mesh to be fixed in position. However, mesh fixation 
is still required in ventral hernia repair.

The current evidence from a recent meta-analysis comparing no mesh fixation 
versus mesh fixation demonstrated that no mesh fixation in laparoscopic inguinal hernia 
repair does not increase the risk of mesh displacement contributing to hernia recurrence 
[24–26], while reducing chronic groin pain and operative time is advantageous [24, 26].

However, recent guidelines for inguinal hernia repair [1, 5] still recommend mesh 
fixations in patients with large direct hernias (M3-EHS classification).

3. Mesh fixation methods

There is no distinct classification of mesh fixation methods. The terms “perma-
nent versus non-permanent fixation“ and “atraumatic fixation“ are used in the most 
recent guideline [1]. However, this chapter will classify mesh fixation methods as 
either penetrating or non-penetrating (atraumatic) because the term can be used to 
designate mesh fixation mechanisms.

3.1 Penetrating mesh fixation

Penetrating mesh fixation is a method for attaching mesh to local tissue by permeating 
it. It includes sutures and tack. There are two types of tacks: permanent and absorbable.

3.1.1 Suture

The original Lichtenstein’s inguinal hernia repair described used non-
absorbable monofilament sutures for fixing mesh [27]. However, the study using 

Name Type Loss of tensile 
strength

Complete 
absorption

Tissue 
reactivity

Polydioxanone (PDS) Delayed-absorbable 
monofilament

Slow (45% by 
3 weeks)

180 days Minimal

Polyglyconate (Maxon) Delayed-absorbable 
monofilament

Slow (31% by 
6 weeks)

180 days Minimal

Nylon (Ethilon, 
Dermalon)

Non-absorbable 
monofilament

30% at 2 years NA Minimal

Polybutester (Novafil) Non-absorbable 
monofilament

Negligible NA Minimal

Polypropylene (Prolene) Non-absorbable 
monofilament

Negligible NA Minimal

Table 1. 
The characteristic of a common hernia repair suture.
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delayed-absorbable monofilament sutures demonstrated a decreasing risk of postop-
erative inguinal pain and paresthesia (Table 1), [28].

3.1.2 Tack

Tack is a synthetic mesh fixation that can be subdivided by the materials into 
non-absorbable and absorbable tacks, and now the design of the launcher can be 
subdivided into an articulating and a non-articulating applier (Table 2).

Name Articulation tip Materials Absorbable Length (mm) Mechanism

ProTack™ No Titanium No 5 Helical  

PermaFix™ No Molded 
polymer

No 5 Screw 

CapSure™ No Stainless 
steel/PEEK

No 3.2 Helical 

Securestrap™ No PLG Yes 7.2 Strap   

AbsorbaTack™ No PGLA Yes 5.1 Screw

 

SorbaFix™ No PLA Yes 6 Screw

  

PermaSorb® No PLA Yes 6.4 Screw

  

iMesh Yes NA Yes NA Helical

  

ReliaTack™ Yes PGLA Yes 5.1–7 Screw

   

PEEK: polyetheretherketone, PLG: polydioxanone and l(−)-lactide/glycolide copolymer, PGLA: poly(glycolide-co-l-
lactide), PLA: poly(d,l)-lactide.

Table 2. 
The characteristic of a tacker.
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There are two varieties of tacker applicator shafts: straight and articulating 
(Figure 1). An articulating applicator has a significant benefit, as it allows the 
fired tacker to be at a perpendicular angle to the attachment point, resulting in a 
tighter fixation. This feature makes it more suitable for ventral hernias rather than 
inguinal hernias.

3.2 Non-penetrating (atraumatic) mesh fixation

3.2.1 Glue

Glue has been used for mesh fixation in both open and laparoscopic approaches, as 
it does not injure the tissue. It can be divided into fibrin glue and synthetic glue.

3.2.1.1 Fibrin glue

Fibrin glue, also known as Tisseel® or Tissucol® (Baxter Healthcare) and Evicel® 
(Ethicon), is a biological hemostatic agent comprised of fibrinogen and thrombin. 
Then activated by calcium chloride when it is added, the fibrin glue transforms into 
a fibrin fiber matrix, and the reaction may require 3 min to complete [29].  This not 
only affects hemostasis but also has strength enough to fix the mesh.

3.2.1.2 Synthetic glue

The synthetic adhesive cyanoacrylate glue is composed of n-butyl-cyanoacrylate. 
Histoacryl® (B-Braun), LiquiBand Fix8 (Advanced Medical Solutions), and Glubran 
2® (GEM) are utilized, when available.

Polymerization occurs promptly in the presence of ionic substances like water, 
blood, or tissue fluids. There is a requirement for 30–45 s. The polymerized form 
shows excellent tensile strength and is highly effective for securing mesh.

3.2.2 Self-gripping mesh

Self-gripping mesh, ProGrip™, is a polyester monofilament mesh with a polylactic 
acid (PLA) microgrip or microhook. The portion of a microgrip can secure local 
tissue without requiring additional fixation.

Figure 1. 
Articulating mesh fixation device.
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4. Clinical application and evidence

4.1 Inguinal hernia

4.1.1 Open inguinal hernia repair

Open inguinal hernia repair has a mesh fixation method that involves suturing 
with non-absorbable monofilament sutures or the original Lichtenstein‘s hernia 
repair. While glue, self-gripping mesh, and suturing with absorbable monofilament 
sutures were used as alternative methods.

The effects of absorbable versus non-absorbable monofilament suture for open 
inguinal hernia mesh fixation were examined in a comparative study. The study 
evaluated the impact of delayed absorbable monofilament suture, Polyglecaprone 
(2-0), compared to non-absorbable monofilament suture, Polypropylene (2-0). The 
results indicated that the group treated with delayed absorbable sutures experienced 
significantly less pain after 6 months [28]. However, it is important to note that these 
findings were not mentioned in the recent guidelines [1].

The comparison between glue and non-absorbable monofilament suture for open 
inguinal hernia mesh fixation has been investigated in various study designs, such 
as randomized controlled trials, systematic reviews, meta-analyses [30–32], and 
umbrella reviews [33]. The findings consistently indicate that glue is superior to non-
absorbable monofilament suture in reducing short- and medium-term postoperative 
pain, as well as chronic groin pain [33].

A comparison between self-gripping mesh and non-absorbable monofilament 
suture for open inguinal hernia mesh fixation revealed that self-gripping mesh 
resulted in a reduction in operative time. However, there was no significant difference 
observed in terms of recurrence prevention or postoperative pain [31, 33–35].

4.1.2 Laparoscopic inguinal hernia repair

The conventional method for mesh fixation in laparoscopic inguinal hernia repair 
involves the use of titanium or metallic tacks. However, alternative mesh fixation 
methods, such as glue, self-gripping mesh, and non-absorbable tacks, have been 
reported in clinical practice.

A study reported that a new design for the tacker mesh fixation device includes 
an articulation feature, allowing surgeons to adjust the angle of the device for proper 

Outcome Suggestive of mesh fixation

Hernia recurrence prevention All techniques

Chronic groin pain prevention Glue

Shortening of operating time Glue, SGM

Early return to daily activities Glue

Postoperative complication prevention All techniques

SGM, self-gripping mesh.

Table 3. 
The summarized evidence for inguinal hernia mesh fixation [33].
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mesh fixation. Adjusting the angle to align with the mesh fixation point results in a 
better average fixation force compared to a non-articulated mesh fixation device [36].

In an in vitro study, it was discovered that fibrin glue provided stronger mesh 
fixation compared to absorbable tacks. The study involved placing the mesh on a stake 
and measuring the force required to detach the mesh from the stake. The applied force 
for the tacks was found to be 6.40 ± 1.50 N, while for the glue, it was 15.34 ± 3.93 N, 
indicating a significant difference between the two methods [37].

Finally, the evidence suggests that glue is beneficial compared to other methods in 
terms of reducing postoperative pain, but there is no significant difference observed 
in hernia recurrence (Table 3) [33, 35, 38].

4.2 Ventral hernia

The mesh fixation methods used for primary and incisional ventral hernias are 
similar to those employed for inguinal hernias. These methods include sutures, non-
absorbable and absorbable tacks, self-gripping mesh (for open ventral hernias only), 
and glue. Evidence from several systematic reviews and meta-analyses indicates that 
there are no significant differences among these methods in terms of outcomes such 
as hernia recurrence and chronic pain. Therefore, the choice of method may depend 
on the surgeon‘s expertise [39–43].

5. Conclusions

The available mesh fixation techniques include sutures, tacks, self-gripping mesh, 
and tissue adhesive, which can be applied both openly and laparoscopically. There 
is no consensus for this part; the selection to be used depends on the surgeon. Mesh 
fixation techniques have been demonstrated to be equally safe in terms of recurrence; 
however, tissue adhesives are associated with a lower incidence of chronic pain.
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Chapter 13

Advances in Hernia Management  
in Plastic Surgery
Eren Tuncer, Fatih Cınar and Percin Karakol

Abstract

Hernias represent a common surgical concern that can significantly impact 
patients’ quality of life. In the field of plastic surgery, hernias have garnered attention 
due to their association with abdominal wall weakness and the potential implications 
for esthetic procedures such as abdominoplasty. This abstract provides an overview of 
the latest updates in hernia management within the context of plastic surgery.

Keywords: hernia, abdominal wall weakness, abdominoplasty, hernia repair techniques, 
mesh reinforcement

1. Introduction

Hernias, though commonly associated with general surgery, have emerged as 
a pivotal concern within the realm of plastic surgery. The pursuit of beauty, body 
contouring, and esthetic excellence often leads patients to consider procedures like 
abdominoplasty (commonly known as a tummy tuck). However, the success and 
safety of these esthetic surgeries are intricately intertwined with the state of the 
abdominal wall, which can be compromised by the presence of hernias.

In this chapter, we embark on an illuminating journey into the evolving landscape 
of hernia management, exploring recent advancements, cutting-edge techniques, and 
critical considerations that have the power to redefine patient outcomes in the context 
of plastic surgery.

2. Understanding hernias and their implications

Before delving into the latest developments, it’s crucial to understand the nature of 
hernias and their implications. Hernias manifest as the protrusion of organs or tissues 
through weakened areas in the abdominal wall. While they may vary in location and 
presentation, common types include inguinal, femoral, umbilical, incisional, and 
ventral hernias [1]. These vulnerabilities in the abdominal wall are often attributed to 
factors such as pregnancy, the relentless march of time, obesity, or the consequences 
of prior surgical interventions. It is within this backdrop that hernias emerge as criti-
cal players in the intricate dance of plastic surgery.



Hernia Updates and Approaches

192

2.1 Hernia types and characteristics

Inguinal hernias: Inguinal hernias, the most common type, occur in the groin area. 
They can be further classified as direct or indirect, depending on their anatomical 
location. Understanding the specific type and characteristics of inguinal hernias is 
essential for accurate diagnosis and treatment planning.

Femoral hernias: These hernias are less common but tend to occur more frequently 
in women. They protrude through the femoral canal, often presenting as a painful 
lump in the upper thigh.

Umbilical hernias: Umbilical hernias manifest near the navel and are commonly 
observed in infants. However, they can persist into adulthood, especially in cases of 
weakened abdominal walls.

Incisional and ventral hernias: Incisional hernias arise at the site of a previous 
surgical incision, while ventral hernias occur elsewhere on the anterior abdominal 
wall. Both types are closely associated with prior surgeries and necessitate a tailored 
approach to repair.

2.2 Factors leading to abdominal wall weakness

The abdominal wall serves as a protective barrier for the abdominal cavity. It 
comprises multiple layers of muscle and fascia, and its integrity can be compromised 
by various factors:

1. Pregnancy: The stretching of abdominal muscles during pregnancy can weaken 
the abdominal wall, predisposing individuals to hernias.

2. Aging: As we age, our muscles and connective tissues naturally lose some of their 
strength and elasticity, making hernias more likely.

3. Obesity: Excess body weight can exert pressure on the abdominal wall, increasing 
the risk of hernia formation.

4. Previous surgeries: Surgical incisions can weaken the abdominal wall, especially if 
not adequately closed or if there are complications during the healing process.

3. Hernias and esthetic surgery implications

In the context of plastic surgery, hernias become a significant consideration, 
particularly for procedures like abdominoplasty (tummy tuck). The success of these 
esthetic surgeries relies on the integrity of the abdominal wall. A compromised 
abdominal wall can impact both the functional and cosmetic outcomes of the 
 procedure [2].

Understanding the types, causes, and implications of hernias lays the foundation 
for exploring the advancements and techniques that have reshaped hernia manage-
ment within the field of plastic surgery. In the sections that follow, we will delve 
into the latest innovations in hernia repair techniques, mesh materials, combined 
procedures, recurrence prevention, diagnostic advances, and the promising future of 
hernia management.
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4. Advancements in hernia repair techniques

In recent years, a wave of technological innovation and medical advancements 
has transformed the approach to hernia repair. Gone are the days of one-size-fits-all 
solutions; today’s surgeons are equipped with a diverse toolkit to address hernias 
comprehensively. This toolkit includes traditional open repair methods, laparoscopic 
techniques that navigate through small incisions with the aid of cameras, and the 
exciting realm of minimally invasive surgery, bolstered by robotic-assisted proce-
dures. Each of these techniques carries its unique advantages, from reduced scarring 
to expedited recovery, promising not only functional restoration but also improved 
cosmetic outcomes [3].

4.1 Traditional open repairs

Traditional open repair techniques involve making an incision near the hernia site 
to access and repair the weakened abdominal wall. While these methods remain effec-
tive for many cases, they often result in larger scars and longer recovery times. They 
continue to play a significant role, particularly in complex hernia cases where direct 
visualization and access are essential.

Open repairs may involve techniques such as the Shouldice repair for inguinal 
hernias or the Rives-Stoppa repair for ventral hernias. These procedures, performed 
by experienced surgeons, offer excellent outcomes with a strong focus on reinforcing 
the abdominal wall.

4.2 Laparoscopic techniques

Laparoscopic hernia repair represents a significant advancement in surgical 
approaches. This minimally invasive technique involves making small incisions 
through which specialized instruments and a camera are inserted. The camera 
provides surgeons with a magnified view of the surgical site, enhancing precision. 
This approach results in smaller scars, less postoperative pain, and a quicker return to 
daily activities.

One of the most widely adopted laparoscopic techniques for hernia repair is the 
totally extraperitoneal (TEP) approach for inguinal hernias. In this procedure, sur-
geons access the hernia from behind the abdominal wall, reducing the risk of injury 
to abdominal organs. The transabdominal preperitoneal (TAPP) approach is another 
laparoscopic option, providing a different perspective for surgeons to repair hernias 
safely.

4.3 Robotic-assisted surgery

Building on the advantages of laparoscopy, robotic-assisted surgery introduces 
the use of robotic arms controlled by the surgeon. This approach offers increased 
precision and control during the repair. Surgeons can manipulate the robotic arms 
with exceptional dexterity, allowing for complex maneuvers and suturing, even in 
tight spaces. Robotic-assisted surgery is gaining popularity in hernia repair due to its 
potential for improved outcomes.

The da Vinci Surgical System is one of the most well-known platforms for robotic-
assisted hernia repair. It offers enhanced 3D visualization, tremor reduction, and a 
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high degree of articulation, allowing surgeons to perform intricate tasks with greater 
ease. Patients benefit from smaller incisions, reduced pain, and faster recovery.

5. Mesh materials and techniques

Central to contemporary hernia management is the judicious use of mesh rein-
forcement. This critical component bolsters the weakened abdominal wall, offering 
the promise of long-term stability. Advances in mesh technology have ushered in 
a new era, with options ranging from synthetic meshes, typically composed of 
polypropylene or polyester, to biologic meshes derived from human or animal tis-
sues [4]. The interplay between mesh materials and fixation techniques, including 
sutures and tackers, is a dynamic field where customization reigns supreme. It is this 
delicate balance that ensures the security of the repair while minimizing the risk of 
 recurrence [5].

5.1 Synthetic meshes

Synthetic mesh materials, often made of polypropylene or polyester, have been 
a cornerstone of hernia repair for years. These meshes are known for their strength, 
durability, and ability to provide long-term reinforcement to the abdominal wall. 
They are available in various forms, including sheets, patches, and three-dimensional 
structures designed to fit specific hernia types.

Polypropylene meshes, such as the Marlex mesh, are widely used due to their 
excellent biocompatibility. They provoke minimal inflammatory responses and 
are suitable for most hernia repairs. Polyester meshes offer flexibility and are often 
chosen for their resistance to infection and tissue adhesion.

5.2 Biologic meshes

Biologic meshes represent a newer frontier in hernia repair. These meshes are 
derived from human or animal tissues, such as skin or intestines. Biologic meshes 
offer the advantage of promoting tissue ingrowth and integration, making them par-
ticularly suitable for complex hernia cases or in patients with a higher risk of infec-
tion. They are known for their reduced inflammatory responses and the potential to 
remodel over time.

Biologic meshes are often used in contaminated surgical fields, where the risk 
of infection is higher. They provide a scaffold for the patient’s tissue to grow into, 
eventually incorporating the mesh into the body.

5.3 Mesh fixation techniques

The successful integration of mesh into the abdominal wall relies on effective 
fixation techniques. Surgeons employ a variety of methods tailored to each patient 
and hernia type. These techniques aim to provide long-term stability and reduce the 
risk of recurrence.

Sutures: Traditional sutures are used to secure the mesh in place. Surgeons care-
fully place sutures around the edges of the mesh and anchor them to the surrounding 
tissue. This technique provides a strong and reliable fixation.



195

Advances in Hernia Management in Plastic Surgery
DOI: http://dx.doi.org/10.5772/intechopen.1003014

Tackers: Tackers, or surgical staples, are another commonly used method for mesh 
fixation. They are applied through laparoscopic or open approaches to secure the 
mesh firmly in position. Tackers are known for their speed and ease of use.

Glues and sealants: Some surgeons use adhesive agents to bond the mesh to the 
abdominal wall. These materials can be applied during minimally invasive procedures 
to enhance mesh fixation. Adhesive agents offer a flexible and tissue-friendly option 
for mesh attachment.

Understanding these advancements in hernia repair techniques and mesh materi-
als sets the stage for exploring combined procedures, recurrence prevention, diag-
nostic advances, and the future of hernia management within the context of plastic 
surgery. These developments hold the promise of enhancing patient outcomes and 
reshaping the field of plastic surgery.

6. Combined procedures: Hernia repair and esthetic surgery

The integration of function and esthetics represents a hallmark of modern plastic 
surgery. Patients who seek both hernia repair and cosmetic enhancements, often in 
the form of abdominoplasty (commonly referred to as a tummy tuck), stand at the 
crossroads of surgical innovation. This convergence of medical expertise presents a 
unique opportunity for patients to address both functional restoration and esthetic 
aspirations simultaneously.

6.1 Surgical planning for combined procedures

Opting for a combined hernia repair and abdominoplasty procedure necessitates 
meticulous surgical planning. Several key factors come into play during this crucial 
phase:

• Extent of the hernia: A comprehensive assessment of the size, location, and sever-
ity of the hernia is paramount. This evaluation informs the surgical strategy and 
the degree of reinforcement required to restore abdominal wall integrity.

• Excess skin and fat: In the context of abdominoplasty, the presence of excess skin 
and fat is a pivotal consideration. Surgeons must precisely determine the amount 
of tissue to be removed or reshaped to achieve the desired esthetic outcome while 
ensuring functional integrity.

• Patient’s overall health: The patient’s general health and medical history play a piv-
otal role in determining their suitability for combined procedures. It’s essential to 
assess any underlying medical conditions or contraindications that might affect 
the surgical approach.

• Hernia type: Different hernia types may necessitate distinct surgical approaches. 
Ventral hernias, for example, often involve a larger abdominal wall defect and 
require specific techniques compared to inguinal or umbilical hernias.

• Surgical expertise: A coordinated approach involving plastic surgeons and hernia 
specialists is essential for optimizing outcomes. Plastic surgeons bring expertise 
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in body contouring and esthetic enhancements, while hernia specialists focus 
on restoring abdominal wall integrity. This collaboration ensures that both the 
functional and esthetic aspects of the procedure are addressed competently.

6.2 Comprehensive care and optimized outcomes

Combined hernia repair and esthetic surgery offer patients the advantage of 
addressing multiple concerns in a single operation. This approach not only stream-
lines recovery but also yields synergistic benefits. A well-executed combined 
procedure can result in a stronger abdominal wall, reduced scarring, and enhanced 
cosmetic results.

Patients undergoing combined procedures often experience functional improve-
ments alongside their esthetic transformations. The restoration of abdominal wall 
integrity not only alleviates discomfort but also contributes to a profound sense of 
physical well-being. This holistic approach to patient care exemplifies the evolving 
landscape of plastic surgery, where surgical innovation continues to enrich the lives of 
patients by integrating form and function seamlessly.

7. Recurrence prevention and management

Despite the promise of hernia repair surgeries, the specter of recurrence remains 
a legitimate concern. Modern approaches to hernia management are dedicated to 
mitigating this risk through a combination of innovative techniques, materials, and 
meticulous surgical strategies [6].

7.1 Risk of hernia recurrence

Hernia recurrence occurs when the herniated tissue re-protrudes through the 
repaired area, often necessitating further surgical intervention. Several factors 
contribute to the risk of recurrence:

• Inadequate mesh integration: Insufficient tissue ingrowth into the mesh can 
compromise the strength of the repair, increasing the risk of recurrence.

• Tissue tension: Excessive tension on the abdominal wall or inadequate reinforce-
ment can strain the repair site, leading to recurrence.

• Infection and inflammation: Infections or chronic inflammation can interfere with 
the healing process, undermining the repair’s long-term success.

7.2 Advances in recurrence prevention

To reduce the risk of recurrence, mesh reinforcement has become a standard 
practice in hernia repair. Advances in mesh technology have led to the development of 
lightweight, large-pore meshes that foster tissue integration while minimizing foreign 
body reactions.

Modern meshes, such as expanded polytetrafluoroethylene (ePTFE) meshes, offer 
a balance between strength and tissue-friendliness. They facilitate tissue ingrowth 
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while resisting adhesion to the abdominal organs. These materials have demonstrated 
efficacy in reducing the risk of recurrence, especially in complex hernia cases where 
the likelihood of strain on the repair site is higher.

7.3 Meticulous surgical techniques

Surgeons employ meticulous surgical techniques to ensure proper mesh placement 
and secure fixation. This includes careful inspection of the abdominal wall, tension-
free mesh positioning, and precise suturing or tacking to hold the mesh in place. 
Attention to detail during surgery is paramount in reducing the risk of recurrence.

7.4 Addressing patient-specific risk factors

Hernia recurrence prevention extends beyond surgical techniques. Surgeons work 
closely with patients to identify and address modifiable risk factors that could com-
promise the repair. These may include:

• Obesity: Patients are encouraged to pursue weight management strategies to 
reduce excess abdominal pressure, a significant risk factor for hernia recurrence.

• Smoking cessation: Smoking cessation programs help patients quit smoking, as 
smoking can impair tissue healing and increase the risk of complications.

• Chronic cough management: Patients with chronic cough are evaluated and treated 
to reduce strain on the abdominal wall, which can increase the likelihood of 
recurrence.

• Infection control: Prophylactic measures are taken to minimize the risk of surgi-
cal site infections, which can disrupt the healing process and potentially lead to 
recurrence.

Incorporating these strategies into the overall care plan significantly enhances the 
likelihood of a successful hernia repair with a reduced risk of recurrence. The com-
prehensive approach to recurrence prevention complements the broader landscape of 
hernia management within the context of plastic surgery, offering patients compre-
hensive care and peace of mind for their long-term well-being.

8. Hernia imaging and diagnostic advances

In the realm of hernia management, accurate diagnosis and precise characteriza-
tion of hernias are fundamental prerequisites for effective surgical planning and 
achieving optimal patient outcomes. The past decade has witnessed remarkable prog-
ress in medical imaging and diagnostic methodologies, providing healthcare profes-
sionals with powerful tools to comprehensively evaluate hernias. These cutting-edge 
techniques encompass ultrasound, computed tomography (CT), magnetic resonance 
imaging (MRI), and more. By facilitating a more thorough understanding of hernias, 
these modalities enable surgeons to make informed decisions, enhance the quality of 
care, and ultimately improve patient well-being.
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8.1 Ultrasound imaging

Ultrasound has emerged as a versatile and accessible diagnostic tool in the 
evaluation of hernias, particularly in outpatient settings. It offers several distinct 
advantages:

• Affordability: Ultrasound is a cost-effective imaging modality, making it widely 
accessible to healthcare facilities of all sizes.

• Non-invasiveness: Patients appreciate the non-invasive nature of ultrasound, 
which eliminates the need for contrast agents or ionizing radiation.

• Real-time imaging: Ultrasound provides real-time visualization, allowing the 
surgeon to assess the hernia dynamically. This is particularly valuable in cases 
of inguinal hernias, where the hernia’s response to coughing or straining can be 
observed.

Furthermore, ultrasound accurately identifies the presence of a hernia, assesses 
its size, and evaluates its contents. In the hands of a skilled sonographer, it can 
play a pivotal role in the initial evaluation and follow-up of hernia patients, serv-
ing as an indispensable tool for monitoring hernia progression and postoperative 
outcomes.

8.2 Computed tomography (CT) scans

CT scans, characterized by their cross-sectional imaging capabilities, have long 
been considered a cornerstone in the diagnostic workup of hernias. The advantages of 
CT scans in hernia evaluation include:

• Anatomical detail: CT scans provide highly detailed anatomical information, 
allowing for precise delineation of the hernia’s location, size, and its relationship 
with surrounding structures.

• Complication assessment: CT scans are invaluable in assessing complications such 
as bowel obstructions or strangulation, which may necessitate urgent surgi-
cal intervention. The ability to identify these complications promptly can be 
life-saving.

Given the comprehensive nature of CT scans, they are particularly beneficial in 
cases of complex hernias, recurrent hernias, or giant hernias where surgical planning 
demands a meticulous understanding of the hernia’s unique attributes.

8.3 Magnetic resonance imaging (MRI)

MRI, with its exceptional soft tissue contrast and multiplanar imaging capabilities, 
has earned its place as an indispensable tool for evaluating complex hernias:

• Soft tissue contrast: MRI’s ability to distinguish soft tissues with high fidelity 
makes it invaluable for assessing abdominal wall anatomy and identifying occult 
hernias that may elude clinical examination.
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• Complex cases: In scenarios involving complex hernias, such as those with 
unusual anatomy or recurrent hernias, MRI offers a comprehensive evaluation 
that aids in surgical planning.

MRI’s role extends to the differentiation of hernias from other conditions with 
similar clinical presentations, contributing to accurate diagnosis and informed 
decision-making.

8.4 Intraoperative assessment

Intraoperative assessment methods, including direct visualization and palpation, 
are pivotal in guiding surgeons during the repair process. Real-time evaluation allows 
for immediate adjustments to the surgical plan based on the hernia’s characteristics and 
any unexpected findings. Surgeons rely on their extensive experience and judgment to 
ensure that the repair is tailored to each patient’s unique anatomy and hernia type. The 
intraoperative phase bridges the gap between preoperative diagnostics and the surgical 
execution, ensuring that the repair aligns seamlessly with the patient’s individual needs.

8.5 Diagnostic precision and informed decision-making

The use of advanced imaging and diagnostic techniques in hernia management 
significantly contributes to diagnostic precision. Accurate preoperative assessment 
enables surgeons to plan the most appropriate surgical approach, select the optimal 
mesh type, and anticipate potential challenges during surgery. This precision is 
particularly crucial in complex hernia cases, such as recurrent or giant hernias, where 
a comprehensive understanding of the hernia’s anatomy and associated complications 
is essential for successful outcomes [7].

Moreover, these diagnostic advances have profound implications for patient 
engagement and education. Informed patients can actively participate in their care 
decisions, understand the implications of their hernia, and appreciate the rationale 
behind the chosen surgical approach. This collaboration between healthcare providers 
and patients fosters a sense of empowerment and trust, contributing to more positive 
surgical experiences and outcomes.

In conclusion, the continuous evolution of hernia imaging and diagnostic tech-
niques is reshaping the landscape of hernia management within the context of plastic 
surgery. These advances provide healthcare professionals with the tools they need to 
make precise diagnoses, plan surgeries effectively, and provide patients with compre-
hensive care. As technology continues to advance, it is likely that hernia diagnosis and 
management will become even more precise and patient-centered, further enhancing 
the field of plastic surgery and the care provided to hernia patients.

9. Conclusion

Hernias represent a common surgical concern with significant implications for 
patients’ quality of life. This chapter has provided a comprehensive overview of the 
latest updates in hernia management within the context of plastic surgery. From 
understanding hernias and their implications to advancements in surgical techniques, 
mesh materials, and combined procedures, as well as recurrence prevention, and 
diagnostic imaging, the field has witnessed remarkable progress.
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In summary, the key takeaways are as follows:

• Hernias are characterized by the protrusion of organs or tissues through weak-
ened areas in the abdominal wall. Abdominal wall weakness, often caused by 
factors such as pregnancy, aging, obesity, or previous surgeries, increases the 
risk of hernias. In the context of plastic surgery, hernias can impact the success 
and safety of esthetic procedures such as abdominoplasty due to compromised 
abdominal wall integrity.

• Advancements in hernia repair techniques have provided surgeons with a range 
of options to address different types of hernias. Traditional open repairs, lapa-
roscopic techniques, and minimally invasive approaches like robotic-assisted 
surgery offer increased precision and control during the repair.

• Mesh reinforcement plays a crucial role in hernia repairs, with advances in mesh 
materials leading to the development of synthetic and biologic meshes. Mesh 
fixation techniques are tailored to each patient and hernia type, aiming to 
provide long-term stability and reduce the risk of recurrence.

• Combined procedures that address both hernia repair and esthetic enhance-
ments have become increasingly popular. Surgical planning for these procedures 
requires careful consideration of factors such as the extent of the hernia, excess 
skin and fat, the patient’s overall health, hernia type, and surgical expertise.

• Recurrence prevention is a key focus in hernia management. Advances in mesh 
technology, meticulous surgical techniques, and addressing patient-specific risk 
factors, such as obesity and smoking, have contributed to reducing the risk of 
hernia recurrence.

• Hernia imaging and diagnostic advances, including ultrasound, CT scans, MRI, 
and intraoperative assessment, have significantly improved the accuracy of pre-
operative evaluation. These techniques enable surgeons to precisely determine 
the hernia’s size, location, and potential complications, leading to more informed 
surgical decisions.

In conclusion, the landscape of hernia treatment and management has evolved 
significantly, driven by medical advancements and technological innovation. These 
changes have redefined surgical practices, enhancing patient experiences and 
outcomes. Within plastic surgery, the integration of advanced hernia management 
techniques holds promise for both function and esthetics.

Minimally invasive approaches like laparoscopic and robotic-assisted surgeries 
have revolutionized hernia repairs, reducing pain, hastening recovery, and improv-
ing cosmetic results. Mesh reinforcement remains pivotal, with modern lightweight 
meshes improving tissue integration and long-term stability. Collaborative efforts 
between plastic surgeons and hernia specialists are key in achieving comprehensive 
care.

Preventing recurrence involves tailored techniques and addressing modifiable risk 
factors. Imaging techniques aid accurate diagnosis and real-time surgical decisions. 
Looking ahead, continued research and technological innovation will likely refine 
hernia management further, ultimately improving patient outcomes.
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Patient engagement remains crucial, as informed patients can make better deci-
sions. As hernia management progresses, a future of enhanced care and improved 
patient lives emerges. The dynamic field of hernia management within the context of 
plastic surgery continues to evolve, offering hope and holistic care to patients seeking 
both functional restoration and esthetic enhancement.
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Chapter 14

Prehabilitation: Enhancing 
Recovery and Outcomes in Hernia 
Surgery
Gabriel Paiva de Oliveira and Carmen Maillo

Abstract

As patients get older and clinical situations become more complex, optimization 
before surgery is paramount. Physicians always tried to improve the pre-surgical 
status of patients, but they followed stochastic models. The structured intervention 
to improve nutritional status, cardiorespiratory and neurocognitive function and 
minimize frailty has been called prehabilitation. It improves functional status before 
and after surgery in multiple settings suggesting a possible lower length of stay, as 
documented by several RCTs, and improved outcomes. Hernia surgery has evolved 
immensely in the past decades, providing solutions for patients and situations not 
long ago deemed inoperable. For incisional hernia, especially if complex, the recur-
rence rate may increase to 60%, most of which occur in the first 2 years. The difficulty 
rises for each repair attempt, so teams have their best opportunity in the first inter-
vention. Most complex hernias started as simple ones. Prehabilitation interventions 
may contribute to outcome optimization in hernia surgery.

Keywords: abdominal wall surgery, incisional hernia, prehabilitation, hernia 
recurrence, complex hernia

1. Introduction

Globally, human populations are getting older. In 2022, in Europe, one-fifth of 
the population was over 65. By 2030, globally, older people will outnumber children 
under 10; by 2050, they will double their numbers [1].

Naturally, as people get old, they accumulate numerous comorbidities, and fre-
quently enough, they must undergo surgery for various illnesses. Surprisingly, older 
adults do not seem as sick as they used to [2]. Nonetheless, older people do accumulate 
more comorbid states than their younger counterparts. As the elderly population 
increases, this poses a massive concern in healthcare, most prominently surgery. How 
can we improve outcomes in an aged and sick population?

Every clinician, especially surgeons, always tries to improve the patient’s condi-
tion after an intervention. Robert Topp and colleagues proposed, as early as 2002, 
the “process of enhancing functional capacity of the individual to enable them to 
withstand an incoming stressor” as a definition for prehabilitation [3]. As this defi-
nition points out, prehabilitation started focused on patients’ physical function and 
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consisted of a varied range of pre-surgical exercise programmes. Karin Valkenet 
and colleagues demonstrated, in a 2011 systematic review, that “preoperative 
exercise therapy” can improve postoperative outcomes [4]. Not long after, Daniel 
Santa Mina, in a systematic review back in 2014, identified several studies in which 
preoperative whole-body exercise programmes showed promise in improving post-
operative outcomes such as pain, length of stay and physical function [5]. Carli and 
Zavorsky depicted very successfully the rationale for prehabilitation (Figure 1) [6].

In recent years, prehabilitation has shifted from focusing exclusively on physical 
conditions to entail global health improvement. Multimodal approaches include not 
only how fit a patient is but also how well-nourished and controlled his comorbidi-
ties are and his or her psychological status. To comprise all these dimensions, the 
prehabilitation definition had to evolve. The most recent and consensual definition 
of prehabilitation might be Durrand’s: every intervention that aims at “enhancing 
general health and wellbeing prior to major surgery” [7].

We can only aim if we have a target. Risk assessment, especially in high-risk 
patients in complex hernia surgery, is part of the patient’s journey and crucial to 
shared decision making and informed consent [8]. In potentially complex patients, 
the authors adopted the multidisciplinary evaluation pathway described in Figure 2.

The concept of enhancing recovery after surgery by minimizing surgical stress 
response was proposed in the early nineties by Henrik Kehlet [10]. Standard recovery 
protocols soon followed, focusing on various interventions implemented at or after 
surgery. As the preoperative period gained importance, however, some interventions 
were included prior to surgery as part of a truly multimodal approach to optimization 
of recovery and, therefore, results. These interventions resulted in savings and even 
reduced complications and mortality in some specific surgeries [11].

Figure 1. 
Visual representation of the rationale for prehabilitation. Reproduced with permission from the lead author of 
Carli and Zavorsky [6].
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The first evaluation of a patient with a hernia should include a comprehensive 
history and physical examination. This process should include due identification 
and characterization of the main problems and their valuation by the patient, based 
chiefly on the impact on activities of daily living or quality of life. These are para-
mount in a value-based healthcare paradigm. Some abdominal wall reconstructions 
are so complex and potentially hazardous that it is essential to discuss with the patient 
what he will gain by being operated on or what he might lose if so. As in finance, there 
are risk-averse and intrepid patients, and our joint decision must match their risk 
profile.

Medical and surgical history, a careful systems review and a medication review 
frequently identify conditions under the radar. Suppose risk factors such as obesity, 
diabetes, steroid use, tobacco use or undernourishment are identified. In that case, 
these patients are referred to the specific health professional for further evaluation 
and a recovery programme implementation.

In patients with highly symptomatic hernias or multiple episodes of incarcera-
tion, achievement of prehabilitation goals becomes secondary, and surgery ensues. 
However, patients must acknowledge the risk profile of the operation. Knowledge of 
a high probability of failure should prompt surgical teams to carefully choose tech-
niques so that a later intervention is not even more difficult.

2. Weight management

Obesity poses a specific problem for abdominal wall hernia repair. Obese patients 
have an increased abdominal perimeter and a higher abdominal fat volume, leading 
to higher abdominal wall pressure [12]. Obesity patients have sarcopenia. Obesity 
produces a chronic low-grade inflammatory response with consequences in the 
immune response and alterations in the healing process [13, 14]. The overall com-
plication rate is also higher in patients with body mass index (BMI) greater than 30, 

Figure 2. 
Potentially complex hernia patient pathway. NSQIP—National Surgical Quality Improvement Project; 
mFI—Modified frailty index; ECOG—Eastern cooperative oncology group. Adapted with permission from 
Lages et al. [9].
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especially surgical-site infection (SSI), with an incidence of 23% for colorectal and 
other general surgery procedures [15].

Increased wound morbidity is tied to body mass index (BMI), as there is a 
linear relation between surgical-site infection (SSI) or surgical-site occurrence 
(SSO) and obesity. SSI also increases risk recurrence twofold; late costs will 
undoubtedly rise [16].

The recurrence rate at 12 months may be as high as 52% in patients with BMI 
higher than 30 Kg/m2. Of these, around 30% will require surgery [17]. A systematic 
review of the literature in 2021 identified differences in hernia recurrences between 
BMI thresholds. The risk of recurrence in ventral hernia repair is 2.5-fold higher 
in patients with BMI greater than 25 when compared to those with BMI equal to or 
inferior to 25—the risk triples in patients with BMI over 40, compared with a lower 
BMI [18].

Even if surgery is minimally invasive, the risk still exists of trocar site hernia 
[TSH] formation. Early studies indicated an incidence of symptomatic TSH hernias 
of up to 5%, but most authors agree that this is a highly underdiagnosed problem [19].

A recent study revealed that incidence may be as high as 23%, but fewer than 50% 
are symptomatic. Tonouchi et al. suggest that obesity and diabetes may increase TSH, 
underlining the technical difficulty in closing port incisions in high BMI patients. A 
more recent study by Ciscar et al. determined that obesity and age over 70 constitute 
independent risk factors for TSH [20, 21].

There is a debate about the best pathway to treat hernia in obese patients. Obesity 
increases the risk of recurrence, but delaying hernia repair until the patient reaches 
good weight control can allow for hernia complications during this period [22]. It 
seems intuitive to address obesity prior to hernia surgery. The difficulty lies in set-
ting evidence-based thresholds. It is unreasonable to expect that most patients lose 
enough weight to bring their BMI down to normal or even overweight, especially on 
their own. Maskal and colleagues found that free weight management programs can 
help but are insufficient to address obesity independently [23]. No patient over BMI 
35 kg/m2 should undergo elective hernia surgery before an attempt to control weight. 
Weight loss is an essential factor in prehabilitation before hernia surgery. The preha-
bilitation must include low-calorie diet and physical exercise as a first step. However, 
diet and physical exercise have poor long-term weight loss results in morbidly obese 
patients and patients with BMI higher than 35 Kg/m2 will rarely respond to nutri-
tional and behavioral interventions alone. Besides, patients with symptomatic hernias 
are at risk of hernia complications, so weight loss must be reached in the shortest 
possible time.

Bariatric surgery is an adequate treatment to achieve good weight loss quickly 
with good long-term results [24]. Morbidly obese patients [BMI > 35 kg/m2] with 
symptomatic hernias must be referred to bariatric units for weight loss before elective 
hernia surgery. If emergent hernia surgery is warranted, obese patients should be 
referred to the bariatric unit as soon as possible after the hernia surgery.

3. Diabetes management

Diabetes is a well-known risk factor for SSO, especially infectious occurrences, as 
a higher surgical mesh infection rate in abdominal wall repair [25]. Acute glycaemic 
control is paramount, as infectious complications increase with blood glucose lev-
els. Hyperglycaemia impairs neutrophil action, and the host’s immune response to 
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infection, particularly in the presence of a foreign body [mesh], will be hampered. 
Without hernia-specific evidence, there are strong recommendations that blood 
glucose levels should be kept below 200 mg/dL [26]. A meta-analysis of random-
ized trials showed no overall advantage in adopting a more intensive blood glucose 
lowering regime in studies with non-diabetic or mixed patient populations. There 
was, however, a reduction in SSI with intensive regime in studies involving diabetic 
patients. Nevertheless, the studies had considerable heterogeneity, and complications 
such as hypoglycemia were more significant [27].

Acute glycaemic control is essential, but chronic management of diabetes is also 
crucial. Based on a 2006 study by Dronge and colleagues Robert Martindale and 
Clifford Deveney, they proposed an HbA1c threshold of 7%, above which surgery 
should be postponed until better glycaemic control. Mike Liang and colleagues 
propose a higher threshold of 8% [28, 29]. No relevant studies show a relation 
between HbA1c levels and hernia surgery outcomes. Martindale and Deveney’s 
proposal come from a study of NSQIPs non-cardiac surgery, and outcomes ranged 
from pneumonia to urinary tract infection, and Liang’s proposal originates from a 
consensus. CDC guidelines on SSI, in 2017, failed to propose a recommendation on 
this issue based on the lack of evidence. The more recent systematic review from 
the European Hernia Society (EHS) Prehabilitation Project, although meeting with 
similar problems, did propose level 2 evidence for an HbA1c lower than 7%. That 
recommendation, however, comes from Liang et al.’s consensus that HbA1c higher 
than 6.5% increases complications in a varied array of surgeries. Participants agreed 
that, in diabetic patients, we should aim at a maximum of 7% preoperative HbA1c 
levels [30].

4. Smoking cessation

Smoking is a well-established as a risk factor for complications after surgery. 
Smoking cessation before surgery results in a risk reduction of 41% of postoperative 
complications. The longer the interval without smoking, the more significant the risk 
reduction [31]. After an analysis of the American College of Surgery National Surgical 
Quality Improvement Project (NSQIP) database, Park et al. demonstrated that obesity 
and smoking increased SSI incidence in ventral hernia repair. They also demonstrated 
smoking as a risk factor for recurrence in ventral hernia repair [32].

As far back as 2007, Lindström and colleagues demonstrated, after analysis of 
the Swedish inpatient register, that smoking increased complication rate even in 
inguinal hernia surgery. In a more recent study from NSQIP, authors concluded 
that, in inguinal hernia repair (both open and laparoscopic), “failure to quit 
smoking prior to surgical repair is associated with complications like pneumonia 
and return to the operating room” [33, 34]. Few high-quality studies exist on the 
subject. The recent systematic review from the European Hernia Society (EHS) 
rehabilitation project found 889 studies on smoking’s effect on surgery outcomes 
but only selected three [30].

Smoking cessation might be one of the most frustrating endeavors for clinicians 
and patients. Centers for Disease Control and Prevention (CDC) states that nearly 
70% of smokers want to quit, and 50% have tried in the last year, but only 7.5% of 
smokers succeeded [35]. Smokers that relapse begin to doubt their resolve and avoid 
the matter altogether. Preparing the right mindset is paramount. First, patients 
should be advised that smoking addiction is a chemical dependence issue. Then, it 
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is essential to underline that few smokers succeed on their own, which is normal. 
The evaluation of nicotine dependence, as calculated by the Fagerström scale, might 
be an essential tool to understand the degree of investment and difficulty in the 
cessation attempt [36]. While a patient with low dependence and a regular inguinal 
or primary ventral hernia might be well off with basic counseling in the surgical con-
sultation, average to high dependence patients will need specialized care and follow-
up. The probability of success increases with a structured strategy that includes 
behavioral changes, nicotine replacement and counseling. The focus should rely on 
the fact that, in some cases, smoking may be a more significant health problem than 
the hernia itself.

Although the authors advise smoking cessation and offer help, treatment for 
uncomplicated hernias is not withheld if patients do not quit. Smoking cessation is 
essential to minimize complications, especially wound morbidity and respiratory haz-
ards in extensive surgeries, multiple comorbidity and frailty or complex hernia repair. 
Following previous recommendations, the authors advise at least 4 weeks of cessation 
in these patients and always refer to a specific smoking cessation consultation. The 
authors do not, at present, perform biochemical confirmation of smoking cessation.

5. Addressing frailty

There is no uniform definition for the concept of frailty. Nonetheless, most health 
professionals agree that frailty includes reduced physical capacity, impaired mobility 
and susceptibility to hazardous outcomes [37]. Walter Joseph and colleagues proposed 
a modified Frailty Index [mFI] based on the NSQIP database to classify frailty and 
predict poor outcomes in abdominal wall reconstruction (AWR). This index includes 
variables such as diabetes, functional status, congestive heart failure or cerebrovascu-
lar accident with neurologic deficit. The authors successfully linked mFI to mortality 
and morbidity, meaning that this tool can also identify patients more likely to benefit 
from preoperative conditioning or prehabilitation [38].

Frailty, although not uniquely a physical impairment condition, is susceptible to 
improvement from physiotherapy and nutritional intervention [39]. Santa Mina and 
colleagues have already demonstrated that literature favors whole-body prehabilita-
tion programs leading to improved physical functions and reduced LOS and pain 
[5]. Professor Francesco Carli and colleagues stated, “When exercise is undertaken 
on a regular basis, the body becomes more efficient in its adaptation to the stress 
of exercise.” Combined interventions of structured physical activity and improved 
nutritional support prevent and treat frailty and sarcopenia [40, 41].

6. Psychological preparation of patients

Expectations matter. Psychological factors, of which expectations play an impor-
tant role, can be decisive in determining surgery results. In a double-blind sham 
surgery involving the treatment of advanced Parkinson’s disease patients, the sham 
procedure obtained better results than the actual procedure, again showing that the 
placebo effect has a role in surgery too [42].

In surgery, patient expectations concerning results may need to be revised, 
particularly in complex surgeries. Incisional hernia repair may have up to 30% 
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recurrence rates and a considerable incidence of complications. It is important to 
involve patients in the decision making to inform them as accurately as possible, 
engage them in the process and build the right expectations towards surgery. 
Patient expectations influence postoperative outcomes. Patient satisfaction 
depends on fulfilling preoperative expectations and not preoperative positive 
expectations [43]. Better doctor-patient communication could establish reasonable 
expectations, thus increasing patient satisfaction. Patient expectation manage-
ment could lead to better outcomes than other measures, and it is remarkably 
cost-effective.

7. Implementing a prehabilitation clinic

Much of the existing literature on prehabilitation focused on cancer patients. 
However, many non-fit patients suffer from benign diseases, including hernia, and 
should be candidates for an effective improvement programme [44]. A “hernia 
optimization clinic” was shown to improve risk management and even increase 
operative yield by operating patients previously deemed inoperable. Furthermore, 
case discussion in a multidisciplinary team followed by a preconditioning programme 
could recompense the increased risk of complications associated with the presence of 
risk factors [9, 45].

Only a structured, documented and evidence-based programme can overcome 
speculative prehabilitation strategies. Prehabilitation is increasingly multimodal and 
involves a variety of professions, from physiotherapy to nutrition and psychological 
support. Patient-centered care in hernia surgery, similarly to cancer surgery, should 
be tailored to specific patient needs and referral to a speciality should reflect those 
needs. Also, implementing a prehabilitation programme should consider the circum-
stances in which the patient is included [46].

8. Conclusion

Prehabilitation has demonstrated clear benefits in some, but not all, surger-
ies. In colorectal cancer surgery, several recent RCTs proved the positive effect of 
multimodal interventions. In thoracic surgery for lung cancer, it also demonstrated 
a positive, however more heterogeneous, effect [47, 48]. The mechanism through 
which prehabilitation contributes to potential outcome improvement is very intui-
tive. Nonetheless, evidence of its actual efficacy is lacking in many areas, especially 
for benign conditions [30]. On the other hand, improving patient function before 
surgery serves not for the surgery alone. Weight management strategies like bariatric 
surgery in morbidly obese patients improve health outcomes and QoL in itself. Better 
diabetes control or smoking cessation not only allows for fewer SSIs but also con-
tributes to patients’ overall health. Reverting frailty through exercise programs and 
nutritional support improves people’s lives. Mindfulness about expectations and their 
management and identification of psychological barriers or misconceptions might 
improve doctor-patient communication and contribute to increased patient satisfac-
tion. The authors believe the implementation of a structured multimodal preoperative 
intervention is essential to improve hernia care outcomes in patients with identifiable 
risk factors and potentially complex hernias.
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Male Fertility Following Inguinal 
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Krzysztof Balawender and Anna Pliszka

Abstract

Tension-free mesh hernia repair has become the standard procedure in inguinal 
hernia repair. The incidence of inguinal hernias has steadily decreased following mesh 
and laparoscopic techniques, but the potential risk of fertility disorders after surgery 
remains a controversial issue. The aim of this chapter was to establish the clinical 
impact of open (mesh and/or without mesh) and laparoscopic hernia repair on male 
fertility. The results of the research published to date do not allow clear conclusions 
and guidelines in hernia surgery for young patients of reproductive age. Evidence 
is inevitably difficult to find because of the wide range of causes of infertility and 
their complexity. However, the choice of method and the possible impact on fertility 
should be discussed with the patient before surgery. Additionally, preoperative and 
postoperative semen analysis will help exclude or confirm its impact on patient fertil-
ity in the future.

Keywords: inguinal hernia, inguinal hernia repair, inguinal hernia surgery, infertility, 
fertility disorders, vas deferens obstruction

1. Introduction

The World Health Organisation (WHO) has determined the common definition 
of infertility as the inability to achieve spontaneous pregnancy during at least 1 year 
of regular, unprotected sexual intercourse. It can affect both women and men, while 
the male factor is approximately 20–30%, the female factor 50% and a combination 
of both around 20–30%; therefore, the correct factor that causes categorisation is 
required to be investigated in both partners simultaneously, which enables a proper 
management. According to the WHO publication from 2022, related to global preva-
lence of infertility, one in six people has experienced infertility in their lifetimes. In 
general, the male factor (including the ‘both’ group) is approximately 50% globally 
(Western Europe (EU) 50%, Central EU 56% and Eastern EU 37%) [1, 2]. Infertility 
can be divided into primary—when spontaneous conception never occurred during 
the patient’s life despite regular attempts at conceiving a child for at least 1 year, and 
secondary—in case of pregnancy in the past with the same or a different partner as 
present. The aetiology of this disease is compounded, while the main causes can be 
divided into lifestyle, genetic, hormonal, systemic disease and varicocele. Idiopathic 
male infertility defined by disorder without identifiable cause, arising spontane-
ously, reaches 50% of all cases. Azoospermia is a condition in which there are no 
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spermatozoa in the ejaculate, and it is one of the most frequent symptoms in semen 
analysis paired with the infertility. It can be divided into obstructive (when testes 
have the ability to produce normal sperm but there is obstruction of the ejaculatory 
route at the epididymal, vas deferens or ejaculatory duct level) and non-obstructive 
(when there is a clear problem with the spermatogenesis process). According to the 
European Association of Urology (EAU) 2023 Guidelines infertility among male 
patients can be the result of: varicocele in the mechanism of increased scrotal tem-
perature (with an incidence of 14.8% of all infertility causes in unselected vs. 10.9% 
in patients with azoospermia), cryptorchidism (8.4% vs. 17.2% with azoospermia), 
vasectomy (0.9% vs. 5.3% with azoospermia), cystic fibrosis (0.5% vs. 3% with azo-
ospermia) and idiopathic infertility (30% vs. 13.3% with azoospermia). Apart from 
previously presented disorders, fertility disorders may be the result of, underestimat-
ing among men, genitourinary tract infections that are not always manifested symp-
tomatically, but sometimes only as abnormal semen parameters in sperm analysis, 
concomitant with positive semen culture and elevated inflammatory markers [3, 4]. 
The interest of this chapter is certainly the theory of possible formation of fertility 
disorders due to hernia repair surgery.

2. Patient evaluation

The medical interview focusing on fertility disorders contains an investigation of 
potential risk factors and lifestyle patterns, including partner fertility, family history 
of oncological and systemic diseases, coexisting diseases (such as especially hyperten-
sion, diabetes mellitus, obesity and genitourinary tract infections), the presence of 
erectile and ejaculatory dysfunctions, previous surgical interventions (together with 
testicular trauma or torsion), congenital anomalies (mainly cryptorchidism), expo-
sure to gonadotoxins (e.g. anabolic drugs, chemotherapeutics) and radiation [4].

On medical examination, attention is paid to the presence/absence of gonads in 
the scrotum, size, consistency, abnormal masses of the testes (thick, cohesive ones 
suggest cancer), penis (including strictures negatively affecting ejaculation, due, 
for example, to phimosis, hypospadias, epispadias and other abnormalities such 
as acquired curvature of the penis—Peyronie’s disease) as well as the presence of 
gynaecomastia, female pattern hair, fat and muscle distribution, possibly indicating 
hormonal disorders. Visible varicoceles (abnormal enlargement of the pampiniform 
plexus veins greater than 2–3 mm in diameter) are also observed at this stage of 
evaluation as one of the main known causes of fertility disorders. They are examined 
using the Valsalva manoeuvre in both the supine and standing positions and look like 
a bag of worms above the gonad [4, 5]. Varicoceles are more common on the left side 
due to anatomical conditions, but in an advanced stage they can occur bilaterally. 
Only the manifestation on the right side of this disease may indicate the tumour of the 
retroperitoneal site, which causes pressure on the testicular vein that disrupts the flow 
of testicular blood to the inferior vena cava [6].

Male infertility is strictly associated with abnormal semen parameters. Semen 
analysis is an important first-line test for guiding the clinician to identify the cause 
of fertility disorders. The semen parameters have been standardised by the WHO in 
the sixth edition of the WHO Manual for the Examination and Processing of Human 
Semen and published in 2021. Semen analysis standards have been lowered in recent 
years not only due to the decrease in semen quality due to the greater amount of stress 
among men related to pollution and lifestyle changes, but also partly as a consequence 
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of the development of testing technology that allows the detection of increasingly 
subtle sperm disorders. The basic examination includes total sperm number, sperm 
concentration, semen volume, total motility, progressive motility, vitality (live 
spermatozoa) and sperm morphology (normal forms) (Table 1). Extended semen 
examination additionally consists of tests aimed at counting peroxidase positive leu-
kocytes, markers of genitourinary tract inflammations (for example, pH), antibodies 
of sperm, mixed antiglobulin reaction (MAR) test (motile spermatozoa with bound 
particles), immunobead test (motile spermatozoa with bound beads), zinc, fructose, 
neutral α-glucosidase and fragmentation of sperm DNA. The advanced semen exami-
nation has also been differentiated and contains tests such as reactive oxygen species 
(ROS), acrosome reaction and sperm chromatin stability and structure. Consonant 
with WHO in the case of normal semen analysis, there is no need to perform re-test, 
while if the test is abnormal, the second confirmational one should be performed. 
Two basic tests with abnormal semen parameters qualify the patient for further 
extended (and advanced if needed) semen examinations and their evaluation by an 
andrologist [7, 8].

In the management of fertility disorders, the imaging test, which is ultrasound 
(US), also plays the crucial role. Due to its accessibility and non-invasive character, 
it allows to visualise abnormalities in the genitourinary tract at an early stage of the 
diagnostic process. It also allows the measurement of testicular volume, detection 
of abnormalities in epididymis, hydrocele, testicular neoplasms and non-optically 
visible varicoceles with the ability to measure its diameters. Moreover, it illustrates 
the vascularity in Colour Doppler Mode strictly correlating with testicular blood 
perfusion, which is enhanced in orchitis, epididymitis, and in some neoplasms, and 
reveals echotexture and calcifications related to testicular tumours. Research data 
show that there is a higher risk of testicular cancer among infertility sufferers than 
among fertile men; therefore, every patient with infertility disorders is examined in 
scrotal US in relation to the presence of neoplasia. Additionally, the scrotal US may 
expose the distal and proximal part of the vas deferens (the median part cannot be 
visualised). The extension of the distal section of vas deferens indicates obstruction 
at some level, while the absence of vas deferens indicates the presence of the cystic 
fibrosis transmembrane regulator (CFTR) gene and should prompt the physician to 
perform a kidney ultrasound to look for other defects or agenesis. Transrectal ultra-
sound (TRUS) can reveal abnormalities in the ejaculatory ducts such as stricture due 
to the median cyst of the prostate and allows one to count the volume of the seminal 
vesicles, where their dilatation suggests obstruction in the ejaculatory ducts. Seminal 

Parameter of semen analysis WHO 2021 reference limit (95% CI)

Semen volume (mL) 1.4 (1.3–1.5)

Total number of sperm (106/ejaculate) 39 (35–40)

Sperm concentration (106/ml) 16 (15–18)

Total motility (PR + NP, %) 42 (40–43)

Progressive motility (PR, %) 30 (29–31)

Vitality (live spermatozoa, %) 54 (50–56)

Sperm morphology (normal forms, %) 4 (3.9–4.0)

Table 1. 
Basic semen examination standards according to WHO 2021. CI- confidence interval.
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vesicles agenesis, similar to vas deferens agenesis, indicates the presence of the CFTR 
gene and further investigation is needed in such cases [4, 9, 10].

The evaluation of the full infertile patient also includes hormonal level tests (e.g. 
high levels of follicle stimulating hormone (FSH) and luteinising hormone (LH) with 
a low testosterone level refer to hypergonadotropic hypogonadism suggesting gonadal 
dysgenesis) and genetic testing (chromosomal abnormalities—sex chromosome as 
well as autosomal, cystic fibrosis gene mutations—e.g. the most common microdele-
tions of F508 ‘Y’ spermatogenesis gene—AZFa, AZFb, AZFc, aneuploidy in sperm or 
particularly sex chromosome aneuploidy) [11–14].

3. Treatment options

The management of fertility disorders depends on their cause. As previously 
mentioned, the aetiology of infertility is complex, therefore only a correct, precise 
evaluation of the patient and extended diagnostic process is needed. Generally, treat-
ment options can be divided into invasive and conservative.

The conservative approach first includes lifestyle changes. Male fertility is undoubt-
edly positively correlated with a healthy lifestyle and overall human well-being. There is 
some evidence in the literature that increased body mass index (BMI), excessive alcohol 
consumption and smoking have a negative impact on semen quality [15, 16]. Observational 
studies report that men with obesity, after loss of 17.2–25.4% of body weight, have an 
improvement in semen volume, total sperm count, testosterone level and sperm morphol-
ogy than before [17]. Moreover, moderate physical activity has a positive effect on sperm 
concentration and progressive motility [18]. Moderate swimming exercises in the pool 
can not only lower the scrotal temperature (especially in the case of varicoceles) and thus 
positively influence spermatogenesis, but also reduce the species of oxidative stress in the 
testes, which was confirmed experimentally [19]. The most effective obesity treatment is 
bariatric surgery, which, on the one hand, provokes a 6-month lasting reduction in sperm 
concentration and, on the other, normalises the levels of reproductive hormones and 
improves general quality of life [20, 21]. In summary, lifestyle changes should be promoted 
in all male patients with fertility disorders regardless of the cause.

When it comes to conservative treatment, apart from lifestyle changes, hormonal 
therapy should be considered. Fertility problems may reflect the malfunction of the 
hypothalamic–pituitary-gonadal (HPG) axis, which is responsible for the regulation of 
the main testicular functions: spermatogenesis and testosterone production. The HPG 
axis controls FSH and LH secretion and maintains the proper level of testosterone in 
male gonads. LH acts on Leydig cells that release testosterone. Intratesticular testoster-
one, together with FSH, stimulates Sertoli cells to demarcate the wall of the seminifer-
ous tubules, which allows the development of male germ cells. However, in men with 
normal levels of reproductive hormones, exogenous administration of testosterone and 
other androgens has a negative impact on spermatogenesis because it inhibits negative 
feedback of lower testosterone levels, which normally enhances LH secretion on the 
HPG axis. In this situation, through suppression of LH, endogenous intratesticular tes-
tosterone production is reduced [22, 23]. HPG axis disorders can also be a result of dif-
ferent systemic or neoplastic diseases along with pharmaceutical therapies. Depending 
on which level of HPG axis secretion we want to boost or suppress, different hormonal 
treatments are implemented. In the treatment of male infertility caused by the inability 
of hypothalamus hormones to secrete (hypogonadotropic hypogonadism), the agents 
used primarily are gonadotropin-releasing hormone (GnRH), gonadotropins. The 
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other group, dopamine agonists, is administered to patients with hyperprolactinaemia 
as a result of pituitary gland prolactinoma [23]. Aromatase inhibitors, which lower 
oestrogen levels, are used especially in obese infertile men with oligozoospermia or 
azoospermia. In such patients, peripheral hormonal conversion from androgens to 
oestrogens in fatty tissue is enhanced, leading to HPG axis malfunction. Selective 
oestrogen receptor modulators (SERMs) are drugs that act as agonist or antagonist. For 
example, clomifene citrate increases hypophysical LH and FSH secretion, which also 
contributes to an improvement in testosterone level. SERMs are one of the applicable 
treatment options for idiopathic fertility [23, 24].

There are some suggestions in the literature that ROS formation and sperm DNA 
fragmentation can be reduced by antioxidants. It seems that they can be useful in 
patients with abnormally high ROS levels and DNA fragmentation. However, accord-
ing to the EAU 2023 Guidelines, the role played by both of them is still unclear, 
because there are not sufficient data to demonstrate their therapeutic effect [4, 23].

Invasive management of male infertility comprises procedures that improve semen 
parameters (like varicocele correction) together with direct sperm collection from the 
testicle on biopsy (in case of obstructive azoospermia). Few methods of sperm retrieval 
evolved over the years. The retrieved sperm from this procedure can be used, after 
special preparation, for intracytoplasmic sperm injection (ICSI). Testicular fine-needle 
aspiration (TfNA) is a percutaneous insertion of the needle into the gonad under local 
anaesthesia. It is characterised by low costs and less tissue injury. In testicular sperm 
aspiration (TESA), sperm retrieval is also performed percutaneously but with a large 
needle (40 × 12 mm). Sperm are aspirated with the use of negative pressure created 
by the syringe. This procedure usually requires intravenous anaesthesia and a longer 
recovery (up to 24 h) but has low complication rates. Conventional testicular sperm 
extraction (c -TESE) is single or multiple open testicular biopsies. Samples are examined 
immediately after the procedure under the microscope in the laboratory. The c-TESE is 
fast, relatively inexpensive, and has a higher retrieval rate than the previously presented 
ones, but it injures testicular vascularisation and testicular tissue that may permanently 
or temporarily lower testosterone level. Unlike c-TESE that is performed without 
magnification, microdissection testicular sperm extraction (micro-TESE) is a similar 
procedure but carried out with the use of a microscope and a microsurgical technique 
during preparation to detect seminiferous tubules with greater probability of sperm in 
their lumen. Micro-TESE is recommended in men with non-obstructive azoospermia 
with an unfavourable prognosis. It has a high retrieval rate and microscopic dissection 
minimises testicular tissue damage. However, it is characterised by the highest costs 
among all sperm retrieval techniques. Open testicular mapping (OTEM) is the newest 
technique that involves a scrotal incision and multiple testicular punctures with a 19-G 
needle and syringe aspiration. The samples are then analysed under the microscope 
with 400× magnification to check the spermatozoa presence. If there is a lack of them 
in the samples, the next punctures are made. The advantage of OTEM is that there is no 
need for a surgical microscope and microsurgical skills along with not as extensive tissue 
damage as in c-TESE. This approach is a combination of two methods; it incorporates 
minimal invasion of micro-TESE and low costs of c-TESE [25–27].

4. Possible impact of inguinal hernia repair on fertility

Possible fertility problems after inguinal hernia repair surgery can be divided into 
iatrogenic vas deferens damage and inflammatory due to mesh placement.
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Injury related to vas deferens may be the result of ligation, cauterisation, interrup-
tion of continuity by accidental intersection or microdamage due to intense pulling 
of the sperm cord. Vas deferens can also be exposed to compression and tension from 
tight non-mesh herniorrhaphy or scars formed by mesh insertions in hernioplasty. 
These factors contribute to vas deferens obstruction (or discontinuation in the case 
of incision), which could be reflected as oligozoospermia or azoospermia in semen 
analysis. The obstruction seems not only to appear early after surgery and expand to 
normal lumen as a result of tissue recovery after direct vas deferens damage but can 
also be late-onset due to the formation of adjacent tissue scars. In addition, early-
onset obstruction due to severe and extensive vas deferens damage may be perma-
nent. Paediatric and infant patients are more susceptible to vas deferens damage due 
to its immature tissues, which results in less strength of its wall.

Mesh inserted in hernioplasty involves an inflammatory fibroblastic reaction of 
the monofilaments of the foreign body with adjacent tissue, strengthening the inferior 
wall of the inguinal canal to prevent future inguinal hernias. When the spermatic cord 
adheres strictly to the mesh, vas deferens and its vascularization can be involved in scar 
formation, which can lead to damage due to its wall inflammation and hyperplasia, as 
well as impaired blood perfusion. Visible vas deferens injury can be corrected during 
surgery, but most damages do not appear to be detectable during herniorrhaphy or 
hernioplasty and this could be a reason for underestimation and underdiagnosis.

In case of postoperative suspicion of obstruction, the check of vas deferens 
patency and the level of eventual narrowing can be done by vasography, which 
is, however, an invasive examination. The patient could choose, under favourable 
anatomical conditions and a high probability of success of the procedure, whether 
to undertake an attempt at his vas deferens reconstruction by a surgeon or to imme-
diately opt for a testicular biopsy to obtain sperm for ICSI. Reconstruction of vas 
deferens in injuries due to inguinal hernia repair performed in childhood and mani-
festing later as oligo/azoospermia in adulthood is possible, but not always successful 
in more extended defects with impaired blood supply and secondary epididymal 
loss of patency, which developed over years in such cases. Sperm should be collected 
during reconstruction surgery. Among these men, the reconstruction attempt of vas 
deferens, in case of its failure, is paired with direct sperm aspiration and then cryo-
preservation for future ICSI [28–32].

The impact of inguinal hernia surgery on male fertility is one of the controversial 
issues concerning the implications of surgical intervention within the inguinal canal on 
the quality of sperm and male sexual activity. The potential impact of hernioplasty on 
fertility was first reported at the end of the twentieth century and the beginning of the 
twenty-first century. To date, published research results have analysed a wide variety of 
aspects of fertility assessment and external genitalia function. An additional aspect that 
makes an unambiguous assessment difficult is the development of surgical techniques 
(non-mesh versus mesh surgery, open versus laparoscopic approach and different types 
of materials used in tension-free surgery). Authors investigating the impact of inguinal 
hernia surgery on male fertility have hitherto evaluated various parameters, including 
testicular volume, testicular perfusion based on vascular resistive index values, sex 
hormone values, semen analysis and anti-sperm antibody (ASA) level.

4.1 Animal study

Few experimental studies in animals have shown that polypropylene mesh used in 
hernia repair stimulates a foreign body reaction that can lead to the encapsulation of 
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spermatic cord structures and is postulated to cause symptoms of dysejaculation and 
genital pain during sexual activity with deleterious effects on patient sexual functions 
and quality of life [33]. Peiper et al. based on the results of experimental studies in 
the pig and rabbit reported that implantation of a polypropylene mesh in the inguinal 
region induces a major response of the structures of the spermatic cord, which may 
also influence spermatogenesis [34]. Uzzo et al. reported the effect of mesh implanta-
tion on the spermatic cord structures in a canine model including histological evalu-
ation of the spermatic cord following surgery. The authors found dysfunction in the 
external genitalia in three out of six dogs operated with mesh; furthermore, the size 
of the vessel lumen in the cross-sectional section was significantly reduced with a 
marked foreign-body reaction of the soft tissue identified after mesh repair. A post-
traumatic neuroma was identified suggesting nerve entrapment in the fibrous branch 
of the mesh, which may be the culprit in the postoperative pain observed in some 
patients [35]. In another animal model study, a histopathological alteration of the vas 
deferens was evaluated in rats exposed to polypropylene mesh. The authors reported 
that polypropylene mesh induces a foreign-body reaction, with histological changes 
in the vas deferens that cause functional obstruction, with dilatation and spermato-
zoid repression [36]. Contrary to these results, Damous et al. published results of an 
experimental study in rats after surgery with the use of bilateral polypropylene mesh. 
On the basis of the results, the mesh placement did not alter the morphology of the 
vas deferens in any of the analysed segments. The authors concluded that surgery, 
with or without mesh placement, did not alter morphology, wall thickness or lumen 
area [37]. A separate issue related to the consequences of mesh implantation in the 
region of the spermatic cord on an animal model was the evaluation of the effect of 
mesh bioprosthesis in inguinal hernia repair on testicular nitric oxide metabolism 
and apoptosis in rat testis. The authors reported that long-term polypropylene mesh 
implantation has no effect on testicular hormonal function and only a limited effect 
on nitric oxide levels and this effect is not sufficient to cause apoptosis in the testis 
that could lead to infertility [38].

4.2 Human study

4.2.1 Laparoscopic versus open surgery hernia repair

Singh et al. in randomised controlled trial (RCT) compared testicular dysfunction, 
incidence and factors that influence chronic groin pain, and quality of life after open 
mesh and laparoscopic repair. A significant decrease in testicular volume was observed 
and less improvement in blood flow after open repair. There was also a significant 
reduction in serum testosterone level with a significant increase in FSH and LH level; 
however, there was no testicular atrophy. The incidence and severity of chronic groin 
pain were significantly lower after laparoscopic repair during normal and strenu-
ous activities, although they were similar to those after open repair during rest after 
3 months postoperatively [39]. In another trial, Abkulut et al. compared changes in 
testis volume and sex hormone levels after inguinal hernia repair (Lichtenstein vs. 
laparoscopic totally extraperitoneal (TEP) hernia repair techniques). Neither the 
Lichtenstein nor the TEP method could affect LH, FSH, and testosterone values, but 
TEP could lead to a decreasing effect on testis volume, but within normal limits [40]. 
Immunological factor is considered another potential factor that may affect fertility 
after mesh hernia surgery. In the general male fertile population, the positivity of ASAs 
is estimated to be between 0.9 and 4% [41]. Eight to ten percentage of infertile patients 
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have immunological infertility. The effect that autoimmunization causes on the various 
passages of fertility is still under discussion. First of all, ASAs are supposed to cause 
poor penetration into cervical mucus. The conception rate in infertile couples with 
antibodies is almost 40% lower than in the group without antibodies. Damage to the vas 
deferens, testicular ischemia, and inflammatory reaction to the mesh may be possible 
causes of sperm antigen intolerance. In the study by Stula et al., the quantitative value of 
antisperm antibodies (ASA) in serum was analysed after hernia repair. After the opera-
tion, the ASA increased in most of the patients but remained in the normal range. The 
ASA value increased significantly by an average of 13.5% in the group of patients who 
were operated with the open technique. In the group of patients who underwent laparo-
scopic surgery, no significant change in the value of ASA was found postoperatively. In 
the concluding study, inguinal hernia mesh repair does not have a clinically significant 
influence on the immunological response [42]. Goupta et al. presented suitable results 
in a randomised three-arm study comparing open mesh hernioplasty, laparoscopic 
totally extraperitoneal (TEP) and transabdominal preperitoneal (TAPP) repair of the 
groin hernia and antisperm antibodies (ASA) levels increased after surgery in the study 
population, which reached statistical significance. On the contrary, patients undergoing 
open mesh hernioplasty showed a significant increase in ASA compared to preoperative 
values. In the TAPP and TEP groups, there was no significant increase in ASA in the 
postoperative period after 3 months. However, all these values were within the normal 
range of antisperm antibodies [43]. Negri et al. in their study investigated the influence 
of inguinal hernia repair on sperm autoimmunity. This retrospective study includes all 
infertile male patients with a history of unilateral or bilateral inguinal hernia surgery 
repair who underwent mixed antiglobulin reaction tests. Antisperm antibodies would 
appear to increase in patients who performed groin hernia surgery 2.45 (95% confi-
dence interval: 1.01–5.99; p < 0.05) times more than in the unselected infertile popula-
tion. The authors concluded that the MAR test could be useful in patients who have 
undergone previous hernia surgery, to avoid false unexplained infertility diagnoses and 
to direct the couple to assisted reproductive technology procedures [44].

4.2.2  Laparoscopic totally extra peritoneal (TEP) versus transabdominal 
preperitoneal (TAPP) hernia repair

Bansal et al. suggested no changes in testis and sexual function after TAPP com-
pared to TEP. According to the report, changes in male fertility are not related to the 
techniques used in TAPP or TEP. However, the authors considered that hands-on 
ligation of spermatic cord structures during the procedure may alter the aetiology of 
testicular dysfunction after open mesh repair [45]. A prospective randomised study 
of sexual function and semen analysis following TEP and TAPP inguinal hernia repair 
showed that both methods are comparable in terms of sexual function and effect on 
semen analysis. Antisperm antibody levels were insignificant both preoperatively 
and 3 months postoperatively in the study population and there was no significant 
difference between the two methods [46]. Based on the study by Gupta et al., most of 
the parameters of semen analysis improved significantly from preoperative to post-
TEP or post-TAPP period. Semen volume, total sperm concentration, sperm count, 
and vitality improved significantly during the postoperative period at 3 months. 
However, progressive motility decreased slightly. Non-progressive motility did not 
show any change from the preoperative to postoperative period. On comparison of 
the laparoscopy approach (TAPP + TEP) vs. open, no parameter showed any statisti-
cally significant difference [43].
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4.2.3 Lightweight versus heavyweight mesh for inguinal hernia repair

Patients operated on with a lightweight mesh (VyproII® or TiMesh®) exhibited 
a decreased sperm motility compared with heavyweight mesh (Marlex®) patients, 
respectively −9.5% and − 5.5% versus +2%. When the results after uni- and bilateral 
hernia repair were analysed separately, this difference only remained significant in 
the bilateral hernia subgroup: −10% for VyproII® and − 17% for TiMesh® versus 
+1% for Marlex®. The authors concluded that the use of lightweight meshes for 
laparoscopic inguinal hernia repair in male patients negatively influences sperm 
motility, without any benefit on quality of life [47]. Peeters et al. in a forthcoming 
study analysed the effects of lightweight meshes on laparoscopic repair of inguinal 
hernia on male fertility aspects, at 3-year follow-up. They did not report significant 
differences between the percentage of lightweight mesh (VyproII® and TiMesh®) 
versus Marlex® patients with a decreased sperm motility or concentration at 3 years 
of follow-up (−8.5% and −8% vs. −2.8%, respectively). Furthermore, no significant 
changes were observed in the number of patients with decreased sperm motility or 
concentration 3 years after surgery compared to 1 year after operatively [48].

4.2.4 Non-mesh versus mesh inguinal hernia repair

Based on Kordzadeh et al. pooled analysis, sperm motility could be affected 
following the inguinal hernia repair technique, but this is limited to the immediate 
postoperative period (<48 h). Obstructive azoospermia was observed in 0.03% of 
open hernia and 2.5% of bilateral mesh laparoscopic hernia repair. Male infertility 
was detected in 0.8% of open hernia repair (mesh) with no correlation to the type of 
mesh. The authors concluded that the repair of the inguinal hernia without mesh has 
no impact on male fertility and obstructive azoospermia [49].

Dong et al. in systemic review investigated 29 related trials with a total of 36,552 
patients, including 7 randomised controlled trials (RCTs) with 616 patients and 10 
clinical trials (1230 patients) with mesh or non-mesh repairs. They suggested that 
mesh hernia repair in an open or laparoscopic procedure has no significant effect on 
male fertility [50].

5. Conclusions

Undoubtedly, infertility, due to the increase in its prevalence in the population in 
recent years, has become one of the civilisation diseases. Therefore, of great impor-
tance is the identification of the causes of this disease.

There were theories of a negative impact on male fertility by inguinal hernia repair 
surgery. However, most of the research results available so far have not confirmed 
that hernioplasty procedures contribute to male infertility. Evidence is inevitably 
difficult to reach because of a wide range of causes of infertility and their complex-
ity. However, the choice of method and the possible impact on fertility are worth 
discussing with the patient before surgery. Furthermore, preoperative and postopera-
tive semen analysis will help exclude or confirm its impact on patient fertility in the 
future.

The role of surgeon during procedure is to raise awareness of the possibility of 
vas deferens injury and obstruction formation, which can be avoided by delicate and 
careful mobilisation of the spermatic cord without grasping, exposure to coagulation 



Hernia Updates and Approaches

224

Author details

Krzysztof Balawender1,2* and Anna Pliszka1,2

1 Clinical Department of Urology and Urological Oncology, Municipal Hospital  
in Rzeszow, Rzeszów, Poland

2 Department of Normal and Clinical Anatomy, Institute of Medical Sciences, 
Medical College of Rzeszow University, Rzeszów, Poland

*Address all correspondence to: balawender82@gmail.comx

and any additional compression. Although there is no proof of whether any kind of 
mesh negatively impacts male fertility, obstruction of the vas deferens due to fibro-
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Chapter 16

Parastomal Hernia – Latest 
Knowledge and Approach
Omar Alhafidh

Abstract

Parastomal hernia is developed after the creation of a stoma which happens after 
bowel resection or diversion. With the developed screening program for bowel cancer 
and its related surgeries, a lot of stomas have been done and its complications includ-
ing parastomal hernias appeared. At the same time, its diagnosis is well developed 
with the advancement of imaging techniques, but unfortunately, there is no standard 
treatment for the repair. It is noticed that each surgeon deals with the PSH with their 
own experience as there is no strong evidence or standard approach, with most of 
the PSH patients treated conservatively till they reach a big size or develop other 
complications. A lot of effort was spent on the primary prevention of PSH and still 
under trial. Considering evidence-based medicine, the best way to deal with PSH is to 
be tailored to the patient’s extent of complaint, which is determined by the surgeon’s 
experience. It is estimated that third of these patients are treated surgically, and this is 
due to the high recurrence rate that makes surgeons try to avoid surgical correction. In 
this chapter, we will try to cover the latest update about the diagnosis, complications 
and repair techniques.

Keywords: parastomal hernia, colorectal surgery, fascial repair, stoma relocation, mesh 
repair

1. Introduction

Parastomal hernia is a form of incisional hernia because it happens in a surgical 
incision and is considered one of the most complications that happen after stoma 
formation [1]. In this complication, part of the intraabdominal viscera protrudes 
through the same opening of the stoma surrounded by a hernia sac [2].

Earlier in 1973 Devlin put a classification based on four types of hernia [3]:
type I—integumentary (the so-called true parastomal hernia); type II—subcuta-

neous; type III—intra-stomal; and type IV—pseudo-pre-stomal.
From this classification, we notice that not all parastomal deformities are PSH and 

this makes it difficult in treating different abnormalities and made this classification 
weak and difficult to implement [4].

As a result, two more classifications had been proposed with the aid of the CT scan 
by Moreno-Matias in 2009 [5] and Seo in 2011 [6] and another one by Szczepkowski 
in 2011 based on clinical examination of the hernia [6, 7].
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None of these classifications had been used in clinical trials so they lack the evi-
dence and because only Szczepkowski considered the presence of an incisional hernia 
which is needed for the repair together with the PSH but requires more accurate 
measure than the clinical examination which can be achieved by the CT scan; for 
this reason, the European Hernia Society (EHS) in 2014 had published a new clas-
sification based on Szczepkowski classification to be the standard for evidence-based 
therapeutic guidelines (Table 1). The European Hernia Society Subclasses of classifi-
cation were defined as follows:

• type I—PSH is less than 5 cm in diameter without coexisting incisional hernia.

• type II—PSH is less than 5 cm in diameter with coexisting incisional hernia.

• type III—PSH is larger than 5 cm in diameter without coexisting incisional 
hernia.

• type IV—PSH is larger than 5 cm in diameter with coexisting incisional hernia.

The coexisting incisional hernia is in the previous scar.
Additionally, in each type of PSH one should note whether it is primary (labelled P) 

or recurrent (labelled R), This classification should be aided with a CT scan to help 
for accurate measurement of the defect [8].

2. Epidemiology

PSHs usually develop in the first year after its creation; however, the incidence 
increases in the following years up to twenty years. It has been noticed that in colos-
tomy the incidence in the first year is 30%, becoming 40% in two years and 50% in 
three years to reach 76% in twenty years [9, 10].

The hernia development is influenced by the ageing process of the muscles with 
increasing risk each year by 4% [Odds ratio—1.04; p = 0.4] [11].

Moreno-Matias in 2009 and Seo in 2011 Szczepkowski 2011

0—CT image normal, peritoneum follows the wall of 
the bowel forming the stoma, with no formation of a sac

I—isolated, small parastomal hernia

Ia—bowel forming the colostomy with a sac of under 
5 cm

II—small parastomal hernia with coexisting 
midline incisional hernia without any significant 
front abdominal wall deformity

Ib—bowel forming the colostomy with a sac of over 
5 cm

III—isolated, large parastomal hernia with front 
abdominal wall deformity

II—sac containing omentum IV—large parastomal hernia with coexisting 
midline incisional hernia, with front abdominal 
wall deformity

III—sac containing an intestinal loop other than the 
bowel forming the stoma

Table 1. 
Moreno-Matias and Seo vs. Szczepkowski classification.
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Global data shows that the incidence of PSH is related to the specific type of 
stomas is as follows:

• end colostomy—4.0–48.1% (mean: 15.3%),

• loop colostomy—0.0–30.8% (mean: 4.0%),

• end ileostomy—1.8–28.3% (mean: 6.7%),

• loop ileostomy—0.0–6.2% (mean: 1.3%) [11–13].

The risk factors for developing PSH are as follows:

1. Age: Above 60 years. The most important factor is statistically significant.

2. Obesity (BMI > 30 kg/m2).

3. Waist size (>10 cm).

4. ASA classification (>2).

5. Smoking.

6. Diabetes mellitus.

7. Physical labour.

8. Chronic cough.

9. COPD (chronic obstructive pulmonary disease).

10. Immune disorders.

11. Steroid therapy.

12. Cancer.

13. Ischaemia.

14. Crohn’s disease.

15. Disorders involving collagen metabolism.

All these apart from age are non-statistically significantly linked to PSH [14–17].
The site of the stoma was claimed to be a risk factor for the development of PSH 

but there is a meta-analysis of 24 publications shows that the incidence of PSH is not 
affected by the relation to the rectus abdominis muscle; for example, the percentage 
of stomas formed through the rectus abdominis muscle versus adjacent to the muscle 
is as follows: 3% vs. 22% [18], 37% vs. 33% [19], 52% vs. 46% [20].
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Another problem that most of surgeons are worried about is the high recurrence 
rate after corrective surgery, and it can be summarised as follows:

• after surgery with stoma transposition—0–76.2% (mean: 24.3%),

• after mesh plasty—0–33.3% (mean: 2.9%),

• simple tissue plasty—46–100% (mean: 64.9%) [17]

After corrective surgery, the risk of recurrence is [21]:
radiological recurrence (p = 0.05):

• with mesh—22%,

• without mesh—45%;

clinical recurrence (p < 0.001):

• with mesh—13%,

• without mesh—80%

As PSH is associated with a high incidence of development, there are certain 
measures that can be implemented to reduce the risk, these include [22, 23]:

• Good preoperative assessment.

• Identification of the risks that had been mentioned above.

• Checking for any collagen metabolism disorders.

• Weight reduction programme.

• Stop smoking for at least 2 months prior to elective procedures.

• Encourage physical activities.

• Counselling with the stoma nurse and marking the area that is suitable for the 
patient.

3. Clinical presentation

The most common presentation for PSH is a deformity, lack of symmetry and 
bulging of the abdominal wall especially on straining. However, the main bothering 
symptoms are discomfort and poor fitting of the stoma appliance that makes it leak 
especially at night [22, 23].

Another important complaint is the psychological problem as the patient starts to 
have accidents and is afraid of ongoing enlargement of the hernia [23].
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As with other hernias, acute complications like strangulation or obstruction can 
be encountered but are rare, and it usually started with obstruction and then develops 
into strangulation, which is difficult to diagnose and treat [1].

4. Diagnosis and indications of interventions

In most patients, clinical examination is enough to establish the diagnosis, although 
some hernias are easily missed because of obesity and tenderness to palpate. In these 
situations and in order to get a clear classification, a CT scan or ultrasound is needed [24].

Most of the surgeons adopt watchful waiting because of the high risk of recurrence 
making the surgical intervention limited to those with severe symptoms or complica-
tions that happen in 30% of the patients.

The indications for surgery can be divided into absolute and relative.
Absolute indications (acute complications)

• obstruction, when a patient develops intestinal obstruction due to an obstructed 
loop of the bowel within the hernia.

• Strangulation, when a segment of viscera within the hernia develops ischaemia 
due to a cut of the blood supply.

• Incarceration, which is the irreducibility of the hernia.

• Parastomal fistula,

• Perforation, when perforation of the bowel happens within the hernia sac.

• Stomal ischaemia.

Of course, a full assessment of the patient’s condition needs to be done as some-
times the decision of palliation in severe frailty is made and sometimes repair of 
local complications such as obstruction and perforation is done within the hernia sac 
without repair of the hernia especially in a comorbid patient with loss of domain.

Relative indications:

• Recurrent admission with incarceration.

• Recurrent temporary obstruction, treated conservatively in the past.

• Difficulty in caring for the stoma bag, with recurrent leaks.

• Problems with irrigation in patients with constipation.

• Painful hernia.

• Pressure-related erosion or erosion of the adjacent skin.

• Social or aesthetic unacceptance.
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• Irreducibility of the hernia.

• Other associated complications that need fixing, like stenosis or prolapsed.

However, it is absolutely contraindicated to repair the PSH in end-stage cancer and 
relatively in unresectable malignant tumours and severe comorbidity.

5. Management

5.1 Watch and wait

The widest approach adopted by most surgeons as we see only a third of the PSH is 
repaired, the reasons behind that are that the patients are asymptomatic, fail to report 
their problems, are afraid of recurrence or have other comorbidities that make the 
repair risky [11].

The EHS (European Hernia Society) Guidelines published in 2018 considered the 
watch and wait policy has no specific recommendations as it lacks evidence. In an 
asymptomatic hernia patient with no risk of strangulation, a watch-and-wait policy 
with regular monitoring is recommended [25].

5.2 Surgical repair

5.2.1 Indications of surgical intervention

It can be divided into two categories:

I. Emergency repair.

1. Strangulation.

2. Obstruction.

3. Incarceration.

4. Ischaemia of the stoma.

II. Elective repair:

1. Previous complications had been successfully treated with conservative 
measures like obstruction or incarceration.

2. Parastomal fistula.

3. Difficulty to take care of the stoma including placing the collecting bag.

4. Difficult irrigation.

5. Pain and difficulty in wearing the clothes.

6. Skin erosion.
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7. Prolapse.

8. Patient preference.

It is worth knowing that it is contraindicated to repair the PSH in terminal malig-
nant conditions, metastatic cancer, and serious comorbidities [13, 16].

5.2.2 Before surgery

• A computerised tomography scan (CT scan) is needed to plan the type of 
surgery.

• It is better to have a period of three months after the last abdominal surgery.

Smoking should be stopped at least 4 weeks before the operation.

• Weight reduction for high BMI >30.

• Full anaesthetic assessment including CPET is needed.

• Antibiotics are needed before the operation.

• VTE prophylaxis.

These points are general for all abdominal wall hernias including PSH [26, 27].

6. Surgical options

There are different approaches for PSH repair, and the choice of each technique 
depends on the surgeon’s experience and the patient’s condition.

6.1 Suture repair

This is the oldest technique that had been described in 1965 by Thorlakson. It is 
used mainly in emergency repair when other techniques are not suitable and some-
times as a step for other definitive procedures.

It has a high failure rate with recurrence ranging from 45 to 100%.
It is done by an incision around the stoma by about 5 cm, dissection of the sac and 

suturing the defect under tension.

6.2 Relocation

Simple relocation of the stoma is not a wise option for different reasons: It needs 
a midline laparotomy wound which carries its own complications such as incisional 
hernia and wound dehiscence, the old stoma wound may develop a hernia (52%) and 
the new stoma may develop a new parastomal hernia [13, 28].

Current practice by most surgeon that they choose relocation for the stomas that 
had been placed wrongly and they use a non-absorbable mesh primarily in the new 
stoma site to reduce the recurrence [29, 30].
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The relocation of the stoma should be avoided unless the fascia adjacent to the 
original site is really week and cannot hold it [31].

6.3 Mesh repair

6.3.1 Open mesh repair

Onlay mesh repair is achieved with a semicircular incision on the lateral edge of 
the stoma and then, the mesh can be placed in a keyhole technique or stove pipe hat 
technique when the stoma is passed through the opening of the mesh and another 
mesh is then attached to the bowel circumference on the onlay mesh [32].

The recurrence rate is 25.9% at 48 months, with 1.9% infection of the wound and 
2.6% mesh infection.

Retro muscular mesh repair is by placing the mesh beneath the rectus abdomi-
nis muscle using the Sugarbaker technique, keyhole, or midline incision. The 
associated incisional hernia can be repaired with mesh, or the stoma can be 
relocated [33].

These several techniques have an average pooled recurrence rate of 6.9%, while the 
incidence rate of wound infection is 4.8% in the absence of mesh infection.

Intraperitoneal placement of the mesh makes it less prone to infection [33].
A systematic review in 2014 concluded no sufficient evidence about which mesh 

repair is more successful, but the overall recurrence rate is 7.9–14% compared to 
suture repair which is 57% [34]. The lowest recurrence rate is for neuromuscular 
repair at 6.9%, while the Sugarbaker technique is 11.6% and the onlay mesh is 17.2%. 
The worst is the intraperitoneal keyhole with 34.6% [35].

In conclusion, if contamination happens, the biological mesh is the best option 
but has a high recurrence rate. While using medium weight or lightweight, large-pore 
polypropylene placed in the retro-muscular fashion is acceptable regarding infection 
and recurrence for PSH repair where there is a risk of contamination [34, 35].

6.3.2 Laparoscopic repair

Similar to the open repairs that had been mentioned above, laparoscopic techniques 
had been applied like retro muscular mesh placement or intraperitoneal mesh place-
ment (Lap IPOM), performed using any of the keyhole, Sugarbaker, or sandwich 
approaches.

Compared to the open technique, the laparoscopic approach has less morbidity by 
60% [36].

Regarding the recurrence rate, it is found that the recurrence is less in laparoscopic 
repair with no increase in wound infection rate, which is at 3.3%, mesh infection at 
2.7% and morbidity at 17.2% [37].

In 2018, the EHS indicates no preference for laparoscopic or open repair with mesh 
for elective surgery [25].

6.3.3 Laparoscopic intraperitoneal only mesh: Keyhole technique

This was done first by Hanson as a keyhole approach. The abdomen is entered 
through the contralateral side of the stoma with the working port away from the 
stoma, and adhesiolysis is performed clearing 5 cm away from the defects in the 
abdominal wall.
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One piece of the bilayer is cut in the centre forming a slit that results in a hole of 
2 cm which houses the stoma in the middle, and the rest of the mesh is used to make 
a keyhole shape by wrapping it on the stoma, and then fixed in position using sutures 
or tacks [38].

The keyhole technique is suitable when the mesentery length is inadequate [39].

6.3.4 Laparoscopic intraperitoneal only mesh: Modified Sugarbaker technique

This was done first by Votik when he combined laparoscopic and Sugarbaker 
techniques.

In this technique, the non-slit bilayer or coated-non-absorbable meshes are used to 
cover the stoma and the hernia [40].

The hernia was reduced first; then, the defect is covered with the mesh centred 
over the site of the stoma, and the mesh was then extended to 5 cm or more. It is 
optimum for the lateralized colon up to the abdominal wall to form a tunnel of not 
less than 5 cm for the bowel before entering the enterocutaneous junction. Then, the 
mesh is fixed with tacks or sutures [41].

For this method, the rate of recurrence was found to be 10.2%compared to the 
keyhole of 27.9% [42].

This method is recommended and optimum if the mesentery has a good length [39].

6.3.5 Laparoscopic intraperitoneal only mesh: Sandwich or two-patch technique

The sandwich technique was made by LeBlanc and Bellanger when two meshes 
used one to cover the opening of the stoma and the second mesh patch in the opposite 
direction to the first mesh patch; for this, DualMesh Plus TM was employed and 
positioning the slit is used to cover the defect which has been created in the previous 
mesh.

Berger et al. [43] create a modification in this technique by combining the 
Sugarbaker and the keyhole method and employing a pair of mesh pieces. The first 
mesh is 15 × 15 cm, which is positioned using a keyhole technique with a central hole 
of 1.5 cm in size, and this mesh is placed around the stoma to wrap it and cover the 
defect in the same time and then closing the incised mesh using spiral tacks and two 
transracial sutures, and fixing the mesh at the same time with the tacks to make it 
secure in its place. Another non-absorbable mesh is used to cover the first mesh and 
the whole anterior abdominal wall. The stoma loop is then positioned between the 
two meshes with lateralization of more than 5 cm. Fixing is with spiral tacks and 
transracial sutures [43].

6.3.6  Laparoscopic transversus abdominis release (TAR) and modified retro rectus 
Sugarbaker

In this technique, component separation is through the TAR to create a retro rectus 
space and positioning of the mesh in this space without touching the intestine. Paulie 
et al. [44] first describe open TAR in combination with Sugarbaker technique [4].

The mesh is usually placed in the retro rectus space in a manner that is similar 
to the Sugarbaker technique and laterally in a sling around the bowel, medially it 
extends to the contralateral Linea semilunaris, so can strengthen the Medline.

The advantage of this technique is that there is no need to take down the mesh and 
lower wound problems, skin necrosis and subcutaneous seroma if compared with the 
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ant component separation. Also, it is a cost-effective method as we can use by using 
non-coated non-absorbable mesh and allow integration of the mesh on both sides, 
one side with the anterior abdominal wall and the other side with the post-facial lay-
ers. This provides superior tensile strength [43, 44].

7. What type of mesh to use

As the parastomal hernia has a high rate of recurrence and failure, there were a lot 
of controversies about the type of mesh and its effect on recurrence and other post-
operative morbidities especially the presence of mesh making the operation a clean 
contaminated not like strictly clean operations.

A post hoc analysis of a multicentre randomised controlled trial done in the 
United States comparing biologic versus synthetic mesh in a contaminated ventral 
hernia concluded that there is no difference in wound morbidity, reoperation, two-
year hernia recurrence rate and the quality of life in PSH repair, so the cost should be 
taken in consideration in operation [45].

8. Which technique is the best for the outcome and long-term follow-up?

Although we mentioned earlier that the best technique is the technique that the 
surgeon is confident to do, still continuously improving the techniques is needed in 
PSH hernia repair given the high morbidity and failure rate.

A retrospective cohort study done in Finland across five university hospitals and 4 
central hospitals: it showed that the recurrence rate is as follows:

• Keyhole 35.1%

• Sugarbaker 21.5%

• Sandwich method 13.5%

• Specific funnel-type mesh 15%

• Other techniques 26.3%

From this, we find that the recurrence is high in all types of repair of PSH and this 
is the cause that PSH repair is low in volume [45].

9. Prevention

Once a stoma is created, there will be a risk of the development of PSH and 
prevention of its development is better than repair.

The reduction of the risk can be achieved by good patient preparation, patient 
education with the stoma nurse, prior marking of the stoma and treating the modifi-
able risk factors like smoking and obesity and encouraging exercise.

During the technique, it is advised to use a small trephine less than 3 cm as it is associ-
ated with a higher risk of development of PSH [4]. Although it still lacks solid evidence.
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There is growing evidence about prophylactic mesh use during the creation of the 
stoma to prevent recurrence. A study comprised an analysis of 12 systematic reviews 
and meta-analyses, including the Cochrane review, for a period covering 2010–2018. 
The analysed studies included 451–844 participants. The study found that the rate 
of PSH is reduced when a prophylactic mesh is used compared to the standard stoma 
formation.

Now, the EHS strongly recommends the use of prophylactic mesh for PSH preven-
tion. However, because of poor evidence, it is now advised to use prophylactic mesh 
for a cancer patient when planned end permanent colostomy and this needs to be 
discussed with the patient.

The post-operative instructions to reduce the recurrence after the repair are gener-
ally similar to other ventral hernia repairs which include: avoidance of heavyweight 
lifting for three weeks, use of abdominal binder for three to six months and after that 
the binder used during heavy exercise [39].

10. Conclusions

PSH is a common complication after stoma surgery and its incidence rises with 
time after surgery. Numerous approaches are adopted by surgeons ranging from the 
watch and waiting to extensive big surgery. Only a third of the patients with PSH are 
treated surgically with a significant recurrence rate which made the surgeons try to 
find different techniques to reduce the risk of recurrence. The most popular now is 
intraperitoneal onlay fashion using the Sugarbaker technique as it has a favourable 
outcome. Moreover, the two-pouch mesh repair is gaining popularity. In elective 
cancer patients when an end stoma is adopted, it is recommended now to use a 
prophylactic mesh. Further studies are ongoing now to determine the best technique 
with regard to the recurrence and other complications.
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Chapter 17

Treatment of Low-Back Pain with 
Oxygen-Ozone Therapy
Matteo Bonetti, Gian Maria Ottaviani, Luigi Simonetti, 
Giannantonio Pellicanò, Francesco Bonetti and Mario Muto

Abstract

Oxygen-ozone therapy for the treatment of low back pain was introduced for the 
first time in 1985. Over the years, numerous case studies have been presented in the 
literature reporting positive results ranging from 75% up to almost 90% in the treat-
ment of low back pain, whether or not complicated by sciatica due to disc-radicular 
impingement caused by disc herniation. The authors have been carrying out these 
treatments for over 25 years, and in this chapter, they report their experience in the 
treatment with oxygen-ozone therapy, first examining the biochemical bases and 
the mechanisms of action of the gaseous mixture of oxygen and ozone, the various 
infiltrative techniques, then moving on to evaluate the therapeutic results obtained in 
the treatment of patients suffering from both discogenic and non-discogenic low back 
pains caused by pathology of the posterior compartment (facet synovitis, Baastrup 
syndrome, spondylolysis and spondylolisthesis, facet degeneration).

Keywords: oxygen ozone, ozone therapy, herniated disc, low back pain, root pain, facet 
synovitis, Baastrup syndrome, spondylolysis, spondylolisthesis, facet degeneration

1. Introduction

Low back pain—with or without sciatic nerve involvement—affects roughly 80% 
of the population at least once in a lifetime and is the leading cause of lost working 
days, with a major impact on national health organization and cost.

The treatment of choice for LBP sciatica, up to 20 years ago, was surgery, but con-
servative measures are now preferred in the wake of unsatisfactory surgical outcomes 
in around 15–20% of the cases. Among the techniques adopted in the last decade 
for the treatment of pain in the sciatic nerve caused by disc herniation or non-discal 
spine diseases (osteophytosis, spondylolysis, facet joint syndrome, etc.), the use of 
the treatment of back pain with targeted infiltration of O2-O3 has increasingly gained 
a foothold in many countries.

In recent years, several studies have demonstrated the utility of oxygen-ozone 
therapy in the treatment of herniated disc-related sciatica with its reduction in size on 
follow-up imaging examination (Figure 1a-b).

Oxygen-ozone therapy for the treatment of herniated discs was introduced for the 
first time in 1985. Over the years numerous cases have been presented in the literature 
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reporting positive results ranging from 75% to almost 90% in the treatment of low 
back pain, also complicated by sciatica due to disc-radicular impingement, deter-
mined by the presence of a herniated intervertebral disc [1–16].

Low back pain and sciatica are pathologies, which can be identified as highly dis-
abling, increasingly widespread in every social category. In recent years, they have also 
constantly manifested themselves at an earlier age, in the population. They arise acutely, 
following unusual effort or movement, or slowly, often with progressive aggravation.

They can be sustained by numerous and different vertebral pathologies, often 
concomitant: discopathies, facet joints, spondylolysis (with or without listhesis), 
somatic and interapophyseal arthrosis, spinal canal stenosis, root and synovial cysts, 
meningiomas, primary or metastatic neoplastic pathology, etc.

To choose the best therapy, in cases of low back pain and/or sciatica, a precise 
diagnosis—formulated after a careful objective clinical examination supported by 
adequate diagnostic tools—is therefore essential. It is very important to exclude the 
presence of a motor neurological deficit, which may represent an indication for surgi-
cal treatment. In particular, in addition to standard radiograms of the spine, com-
puted tomography (CT) and/or magnetic resonance imaging (MRI) offer important 
information about the nature and etiology of the clinical situation associated with the 
symptoms encountered.

Figure 1. 
a-b: (a) Large L4-L5 disc herniation (arrow), (b) completely resolved by oxygen-ozone therapy.
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2.  Pharmacological mechanisms of action of oxygen-ozone therapy for 
herniated disc

An analysis of pain caused by nerve root compression is a prerequisite for 
 understanding the mechanisms underlying the effect of ozone on pain in patients with 
herniated discs [16]. Root pain is commonly related to nerve compression (disc root 
impingement or spinal impingement). However, there is a lot of evidence in clinical 
practice that the cause-and-effect relationship of radicular pain is not as simple as 
generally thought. For example, we know that many people are asymptomatic despite 
an incidental disc herniation during spinal neuroimaging for reasons other than disc 
disease. In two well-known published articles, only 3% of 98 and 116 asymptomatic 
patients showed a normal MRI finding. Furthermore, patients with known disc hernia-
tion live with the lesion between pain attacks, even though the morphology of the disc 
lesion and subsequent nerve root compression remain unchanged on CT and MRI scans.

Successful medical management of medical management or micro-invasive 
surgery such as intramuscular or intradiscal injection of oxygen-ozone is commonly 
found in a fair number of patients, in resolution pain without altering the morphol-
ogy of the hernia, i.e., without changing the structure of the disc lesion.

Lastly, even though disc compression is surgically corrected, many patients 
continue to experience pain, relieved or even exacerbated, regardless of the herniated 
disc structural changes seen on neuroimaging scans after surgery, related to inflam-
mation of neural structures and perineural. These results led us to investigate the 
mechanisms responsible for radicular pain related to pharmacological mechanisms of 
ozone action on herniated disc.

3. Pathogenesis of root pain

Reviewing the state of the art, we can distinguish two broad categories of pathoge-
netic mechanisms: mechanical and inflammatory, to which pain exacerbation linked 
to chronic illness should be added pain exacerbation linked to chronic illness [17, 18].

1. Pathogenetic components of root pain:

Mechanical pressure
The mechanical factors responsible for pain are related to the mass effect of the 

herniated disc material.
In turn, these can be divided into:

• Direct mechanical factors: considering the absence of nociceptors located in the 
nerve bundle, these factors are associated, in order of importance, to:

○ Compression of the spinal ganglion, possible intraforaminal and extraforami-
nal herniation;

○ Deformation and flattening of the ligaments and annulus, location of the affer-
ent nociceptors to Luschka’s nerve of the posterior root of the spinal nerve;

○ Deformation and flattening of nerve fibers disrupting the myelin nerve sheath 
with possible major conduction abnormalities.
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• Indirect mechanical factors I (also known as “vasculomediated”):

○ “Ischemic” vasculomediated factors. Characterized by trophic nerve impair-
ment caused by compression of the arterial afferents and microcirculation of 
the nerve bundle and secondary anoxic demyelination of the nerve fibers;

○ Vasculomediated factors due to venous stasis with edema and trophic nerve 
impairment caused by partial or total blockage of venous reflux (especially 
in intraforaminal herniations). This factor appears to be the most important 
mechanical factor responsible for root pain because of its effects on the spinal 
ganglion (considering the anatomical relations between the intraforaminal ves-
sels and spinal ganglion).

2. Pathogenetic components of root pain:

Inflammation
A major role in the origin of root pain is to be found in neural and perineural 

inflammation [19, 20]. Some evidence, though speculative, concerning the impor-
tance of inflammatory factors suggests that higher levels of antibodies anti-pso P27 
(markers for inflammatory process, particularly of autoimmune origin) can be found 
in CSF from patients with low back pain and sciatica [21].

They include:

• Immune-mediated inflammatory reaction: evidence demonstrates that disc protru-
sion can be the cause of immune inflammatory events.

The hypothesis (even if not universally accepted) regarded as most likely to 
account for this behavior may be the fact that the adult intervertebral disc, from a 
humoral standpoint, is segregated with respect to the immune system as long as it is 
confined within the fibrocartilaginous structure of the annulus. Once herniated, the 
disc is recognized as “non-self” by the immunocompetent system, and this factor 
triggers a cell-mediated reaction in other tissues. The presence of peridiscal inflam-
matory tissue is confirmed by the CT and MR finding of peripheral enhancement of 
the disc fragment after i.v. contrast administration [22].

Additional experimental findings of the autoimmune component of peri-
discal inflammation underline the action macrophages with expression of the 
IL 1β gene—characteristic of autoimmune reactions—and the reduction of 
mechanical hyperalgesia following drug-induced leucopenia under experimental 
conditions [23].

• Inflammatory reaction due to biohumoral factors linked to disc tissue. Experimental 
evidence in this field includes the following:

○ Phospholipase A2 (PLA2): The herniated disc material contains increased 
levels of PLA2 enzyme activity. PLA2 plays the role of powerful inducer of 
the inflammatory reaction for its enzymatic activation to arachidonic acid 
causes to the production of major chemical mediators of inflammation, like 
prostaglandins and leukotrienes. Moreover, PLA2 may damage nerve fibers by 
attacking perineural and neural membrane phospholipids [24];
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○ Matrix metalloproteinases (MMPs): There is a significant production of this 
enzyme that enhances the inflammatory reaction by attacking disc tissue;

○ Prostaglandin E2 (PGE2): The disc tissue and the enzymatic intervention of 
PLA2 (a powerful inducer of inflammation) produce PGE2. The same factors 
are applied to interleukin 6 (IL6) [25];

○ Evidence investigating a recently identified glycoprotein, YKL-40, is undergo-
ing, at the moment. This glycoprotein is produced in abundance following 
joint lesions, including degenerative disease, which could be one of the main 
mediators of the inflammatory reaction in disc disease [26].

3. Pathogenetic components of root pain: Symptoms exacerbated by chronic pain:

By exacerbation of symptoms caused by chronic pain we mean the mechanism 
by which the chronic mechanical and inflammatory stimulation of the nerve root 
stimulates the ganglionic and periganglionic nociceptors (mainly polymodal type C) 
responsible for hyperalgesia, a condition presenting allodynia, i.e., a lowering of the 
pain threshold and an increase in pain intensity also following subliminal stimuli, in 
some cases also activating spontaneous pain discharges [20].

3.1  Pharmacological mechanisms underlying the effect of ozone on the various 
components of root pain

1. Effect of ozone on direct mechanical pressure

The effect ozone is thought to have on the herniated disc as such is based on bio-
chemistry composition of the intervertebral disc, mainly composed of proteoglycans 
and collagen [26, 27]. Cartilage proteoglycans [28] comprise a series of copolymers 
consisting of a protein core, called the “core protein,” bound to about 100 unbranched 
side chains of chondroitin sulfate and up to 50 keratan sulfate chains. Chondroitin 
sulfate chains are strongly polyanionic and bind large amounts of water, while keratan 
sulfate chains are less so.

Collagen forms a solid fibrous armor that supports and neutralizes traction and 
shear forces due to joint movement. Of the 14 known collagen types, the outermost 
part of the annulus fibrosus mainly belongs to type I. Type II collagen predominates 
in the innermost part of the annulus, and type IV is mainly found in the “nucleus 
pulposus” [29].

Thus, the nucleus pulposus and herniated disc are complex macromolecular 
structures containing water bound to various hydrophilic matrices.

How does ozone attenuate direct mechanical compression?
Due to its solubility and pressure, once injected into the disc, ozone dissolves into the 

intradiscal water and decomposes immediately generating a cascade of reactive oxygen 
species (ROS) [25]. Because intradiscal water contains a minimal amount of fatty acids, 
lipoperoxides are unlikely to form. The oxidation of the various substrates present in the 
disc, in particular glucose, galactose, N-acetylglycosamine, glucuronic acid, glycine, and 
4-hydroxyproline, breaks the intra- and intermolecular ligands leading to the collapse of 
its three-dimensional structure. These events can occur in both the nucleus pulposus and 
disc herniation and are thought to lead to fluid reabsorption and fibrosis [30–32].
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2. Effect of ozone on the indirect mechanical factors

Indirect mechanical factors are largely mediated by vessels. In this case, oxygen-ozone 
exerts one of its best-known pharmacological effects, namely the increase of intra- and 
trans-tissue oxygenation, thus improving hypoxia and venous and lymphatic stasis.

3. Effect of ozone on the cell-mediated inflammatory response

Ozone influences the cell-mediated inflammatory response to hernia by two main 
pharmacological mechanisms [25]:

• inhibition of proteinase release by macrophages and polymorphonuclear 
neutrophils;

• enhance the release of immunosuppressive cytokines (interleukin 10, TGF beta 
10) which inhibit any cytotoxic clones [33].

4. Effect of ozone on the biohumoral inflammatory response

The possible effect of ozone on the biohumoral component of the inflammatory 
response is more complex. Taking into account the biohumoral factors involved in the 
inflammatory response, ozone could carry out its action as follows:

• inhibiting the synthesis of pro-inflammatory prostaglandins;

• inhibiting the release of bradykinin or pain-inducing compounds;

• neutralizing the endogenous ROS and stimulating the local production of 
antioxidant enzymes;

• increasing the release of antagonists and the pro-inflammatories cytokines such 
as interleukin 1, 2, 8, and 15 [33].

5. Effect of ozone on symptoms exacerbated by chronic pain

Ozone is thought to relieve symptoms exacerbated by chronic pain as a type of 
“chemical acupuncture” or “reflex therapy.” This depends on the counter-irritant 
effect of the needle-gas combination, which would have a bending action on the 
antinociceptor system. The insertion of the needle and the subsequent injection of 
positive pressure ozone stimulate the nociceptors of the paravertebral muscles. This in 
turn can inhibit nociceptive neurons in the spinal cord by releasing opioid peptides. 
In other words, stimulation by pressure and chemoreceptors and muscle spindle 
fibers at the site of disc disease can give rise to a kind of local lateral inhibition. Last 
but not least, any direct nociceptive stimulation is known to relieve pain through the 
mechanism of diffuse noxious inhibitory control [25].

3.2 Conclusive remarks

In light of current knowledge, radicular pain from nerve root compression is to 
be considered a symptom of multifactorial origin in which the neural and perineural 
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inflammatory reaction and its biohumoral mediators play a preponderant role, 
flanked by venous stasis from mass effect on the circulation perineural. Nerve 
compression seems to play an adjuvant role by generating nerve conduction abnor-
malities due to demyelination of the fibers with a direct or indirect anoxic-ischemic 
mechanism.

Since pain is multifactorial, ozone can also have a multifactorial pharmacological 
effect by relieving disc compression through narrowing and triggering pro-fibrous 
mechanisms in disc herniation, thus counteracting the inflammatory cascade of 
biohumoral and cell-mediated components and improving the hypoxic state related to 
artery compression and venous stasis. Finally, ozone can have a reflexotherapy effect 
(“chemical acupuncture”) by breaking the chain of chronic pain that stimulates the 
anti-nociceptor analgesic mechanisms [32, 33].

4. Application methods

4.1 Ozone therapy in the paravertebral muscle bundles: “Classic” technique

The patient is placed on the bed in the prone position. The disc space to be treated 
is identified through anatomical cutaneous landmarks: line of the spinous process 
with recognition of the spinous process of L4 at the level of the trans-iliac line and 
then positioned 2÷2.5 cm bilaterally to the interspinous spaces (Figure 2). Thorough 
skin disinfection is carried out in the area to be infiltrated, skin anesthesia with ethyl 
chloride spray, needle insertion, generally 23G (Gauge) for lumbar treatment, and 
25G for the cervical.

Following the correct insertion of the needles into the muscles, aspiration occurs, 
and we proceed with the injection of the oxygen-ozone mixture with an optimal 

Figure 2. 
Paravertebral intramuscular infiltration of O2-O3.
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therapeutic window using doses at a concentration of 20/25 μg/ml. and volume: 5 ml. 
by injection, the entire therapeutic cycle consists on average of 8–10 infiltrations, 
2 infiltrations every week.

4.2 CT-guided intraforaminal technique

The treatment is carried out in day hospital and the infiltration technique is the 
same that is used for discographies; in fact, a preliminary CT examination is foreseen 
to establish the infiltration point at the skin level and subsequently, the distance 
of this is measured last from the conjugation foramen. Local anesthesia with ethyl 
chloride spray is performed. The needle used is always a 22G needle of variable 
length, and usually, we use 9-cm Terumo needles. Proper needle placement is then 
verified using CT scans. The tip of the needle must be approximately 4–5 mm from 
the foraminal region; 3 cc of oxygen-ozone mixture at 25 μg/ml are injected. After 
that, the needle is withdrawn a few mm and another 5–6 cc. of gaseous mixture 
are injected into the mass of the joint. We then proceed by carrying out a CT check 
of the correct distribution of the oxygen-ozone mixture (Figure 3). The patient 
remains under clinical supervision for about 30 minutes before being discharged. 
The clinical benefit of the treatment is almost immediate. The patient is then clini-
cally re-evaluated after 10 days, and if the result has not been satisfactory a second 
treatment is carried out, this operation can be repeated once or twice. Three months 
after the end of treatment, a CT scan of the treated disc herniation is performed in 

Figure 3. 
Correct positioning of the needle under CT guidance.
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all treated patients. There are no contraindications, and no side effects have ever 
been reported.

The intraforaminal administration of ozone CT guided with the proposed 
modality combines the precision in the control of the needle path with the curative 
possibility of all the O2-O3 infiltration techniques used up to now. Improvement of 
local circulation with eutrophic effect in the both vicinity of the compressed and 
suffering nerve root and at the level of muscle spasm; the normalization of the level 
of cytokines and prostanglandins with anti-inflammatory and pain-relieving effect; 
the increase in the production of superoxide dismutase (SOD) with minimization of 
oxidizing reagents (ROS); and finally the close proximity to the herniated material 
that determines accelerated dehydration or destruction of a non-vascularized tissue 
that justifies the good final result.

The rapid resolution of painful symptoms with no complications, the ease of 
execution of the method, and complete control of the infiltration via CT allow, today, 
to propose oxygen ozone therapy with CT-guided intraforaminal technique as a 
valid alternative to surgical treatment of herniated disc if the latter is not considered 
essential and therefore a method of choice among conservative therapies.

4.3 Intradiscal technique

Percutaneous treatment of discolysis with oxygen-ozone (O2-O3) can be performed 
subcutaneously fluoroscopically or under CT guidance. In both cases the oxygen-
ozone mixture is injected into the intervertebral disc, along the postero-lateral, 
extra-articular route.

The procedure can be performed in Day Hospital or One Day Surgery.

4.4 Fluoroscopic guide

It is necessary to observe some pretreatment recommendations also concerning 
the X-ray room for the surgery.

The X-ray room must in fact have instruments suitable for anesthesiological assis-
tance. Compliance with asepsis must be guaranteed, a fluoroscopic apparatus must be 
available (preferably isocentric) with a “C” arm that allows direct scopic control, and, 
finally, peripheral venous access to the patient must be guaranteed.

Thorough skin disinfection and a sterile field must be carried out before the 
puncture.

The patient lies on the X-ray bed in lateral decubitus (access is ipsilateral to the site 
of the symptoms). Under fluoroscopic guidance, the puncture of the intervertebral 
disc is performed with a 22 G needle.

The intradiscal position (the needle tip must be in the center of the interbody 
space) is documented by acquiring radiographic images in the A-P and L-L projec-
tions (Figure 4a-b). After placing a millipore filter on the syringe, proceed with the 
injection of 7–8 cc of O2-O3 mixture at a concentration of 25 μg/ml, of which 3–4 ml 
intradiscally and, once the needle has been withdrawn with the apex projecting at the 
interapophyseal joint, another 4 cc is injected in the periradicular and paravertebral 
soft tissues.

For higher interbody spaces, disc access is more direct than the L5-S1 space. Once 
the patient has been placed in lateral decubitus position and the nucleus pulposus has 
been positioned in the center of the interbody space, a lateral rotation of the arc of 
about 35° is performed, which allows recognition of the ipsilateral joint at the level of 
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the posterior third of the interbody space. The needle is inserted in the middle third 
of the interbody space, and its path must be followed in the lateral projection. During 
the procedure under fluoroscopic guidance, radiographic documentation of the final 
position of the needle in the main radiological projections is performed.

As mentioned, the approach to the L5-S1 space under fluoroscopic guidance 
differs from that of the higher disc spaces: Once the patient is positioned in lateral 
decubitus position and the nucleus pulposus of L5-S1 in the center of the radio-
graphic image, rotation is performed of the arc of about 35°, which allows recogni-
tion of the intervertebral joint thus projected at the level of the posterior third of the 
disc space.

Access to the disc, masked by the ipsilateral iliac wing, is possible, at this level, 
only with a further inclination of the arch in the cranio-caudal direction. An area 
of access to the disc is thus obtained, delimited inferiorly by the superior somatic 
limiter of S1, posteriorly by the anterior profile of the superior articular process of 
S1 and anteriorly by the superior profile of the ipsilateral iliac wing. At the end of the 
procedure, the patient must maintain the lateral decubitus position for about 30 min-
utes; bed rest on the first day after treatment and chair rest on the second day are 
also indicated. For the following period, a gradual resumption of activities without 
loading the lumbosacral region should be recommended.

4.5 CT guide

The patient must be positioned in prone decubitus with devices that reduce the 
physiological lumbar lordosis. A targeted CT examination is carried out on the level to 
be treated and the distance from the spinous process to the cutaneous entry point of 
the needle is calculated, which allows an easy puncture of the central part of the disc 
(preferably the nucleus pulposus) with an angle of 45°.

Figure 4. 
a-b. (a) Latero-lateral view, (b) antero-posterior view. Correct needle placement.
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Metal landmarks are placed on the skin and, once the entry point has been identi-
fied, it is traced with a demographic pencil.

Once you reach the level of the disc you will feel the sensation of yielding of a 
tense structure due to the entry of the needle into the disc itself (Figure 5).

This is followed by the intradiscal injection of the O2-O3 mixture in quantities of 
3–4 ml at a concentration of about 25 μg/ml.

Finally, a CT control of the distribution of the mixture is performed. At the end of 
the treatment, the patient will have to switch from prone to supine position and keep 
the latter for about 2 hours.

5. What to treat

5.1 Disc herniation

Several studies have demonstrated the utility of oxygen-ozone therapy in the 
treatment of herniated discs with the result of herniated discs reduced in size [1–16, 
34–36].

In our experience, which dates back to 1993, we carry out treatments of both 
lumbar and cervical disc herniation with CT-guided intraforaminal technique with 
therapeutic results in complete agreement with what is reported in the international 
literature, ranging from 75% up to almost 90% of success therapeutic in the treatment 
of low back pain complicated or not by sciatica due to disc-radicular impingement due 
to disc herniation (Figure 6a-b).

Figure 5. 
Correct positioning of the needle in the heart of the disc.
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6. Infiltration technique: Our experience

Treatments are performed under CT guidance, using the deep intraforaminal-
paravertebral infiltration technique. Based on the neuroradiological documentation 
and the patient’s clinical symptoms, it is decided to treat the patient and at what level. 
After being informed about the procedure and possible complications, the patient 
signs the informed consent. Preliminary CT scans are performed in the prone patient 
to confirm the pathology and level to be treated. At this point, the skin is disinfected 
using special preparations for general skin antisepsis (Citro jod 100 registration n° 
1805 of the Ministry of Health based on polyvinylpyrrolidone iodine). A preliminary 
CT scan is performed to locate the skin approach point. Local anesthesia is carried 
out with ethyl chloride spray and subsequently, always using the CT guide, the spinal 
needle is positioned; normally, needles of variable caliber between 22 and 25 G are 
used. The perfect positioning of the needle is checked with a CT scan. Fill a 10-ml 
syringe in polyethylene with the gas mixture at a concentration of 25 μg/ml. The gas-
eous mixture is then injected. Generally injecting a variable volume from 3 to 5 cc of 
O2-O3 gaseous mixture in relation to the pathology to be treated. After the infiltration, 
further CT scans are performed to document the correct distribution of the gaseous 
mixture. All materials used must be sterile and disposable.

In recent years, especially thanks to the introduction of MR sequences with Fat 
Saturation and gadolinium in patients with degenerative disease of the lumbar spine 
and low back pain, diagnostic imaging has become even more helpful to the clinician 
in making diagnoses to decide the best therapeutic strategy to adopt based on the 
pathology to be treated.

In particular, in patients with non-radicular low back pain, this syndrome may 
arise from changes of the posterior elements of the lumbar spine (the “posterior 
vertebral compartment”).

Figure 6. 
a-b: (a) L4-L5 paramedian left preforaminal disc herniation (arrow). (b) Complete dehydration after treatment 
with oxygen-ozone.
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In fact, in most cases, good patient selection allows striking clinical results; with 
reference to our case studies in all the different applications selected we have found 
optimal therapeutic results in a percentage of about 75% of the cases treated consider-
ing the various pathologies overall.

The rapid resolution of pain, with no complications, the ease of performing the 
method and complete control of infiltration under TC control allow today to propose 
the CT-guided oxygen ozone therapy as a viable alternative to the various treatments 
currently being proposed for the various pathologies of the posterior compartment so 
much that it can be proposed as a method of choice between conservative therapies.

Emphasizing how this type of therapy does not contraindicate other infiltrative or 
surgical therapies.

It is also possible to treat selected frameworks with oxygen-ozone such as:
Facet synovitis
Intra and/or interapophyseal synovitis is an inflammatory disease of the synovial 

membrane, at the base there is usually a micro- or macro-traumatic event, sometimes 
it can also arise in young adults as a result of excessive stress on the spine, a typical 
finding in sportsmen who practice extreme sports with considerable spinal stresses.

The onset, in most cases, is acute with low back pain, and the symptoms can be 
unilateral if only one joint is involved or “bar” in case of involvement of both massive 
joints [37].

Diagnosis is often not easy and it is essential to perform an MR with contrast 
media injection to have a clear diagnosis ([38–42]; Figures 7 and 8).

Baastrup syndrome
Baastrup syndrome, described by the Danish radiologist Christian Baastrup in 

1933 and also known by the Anglo-Saxon term of “kissing spines,” is characterized 

Figure 7. 
Axial lumbosacral MRI after gadolinium administration: Bilateral post-traumatic apophyseal synovitis (arrows).
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by the presence of arthrosis between the spinous apophyses of the vertebral column, 
which leads to the formation of real “neo-joints” and is often the cause of low back 
pain that is refractory to common treatments with anti-inflammatory and pain-
relieving drugs. It predominantly affects the female sex with an F:M = 4:1 ratio and is 
usually diagnosed in the third decade of age.

The diagnosis is radiological: The standard Rx shows an extreme hyperlordosis of 
the lumbar tract up to the mutual contact of the spinous processes and a degeneration 
of the same.

The course of the disease is progressive and in the face of an accentuation of the 
low back pain, it is indicated to complete the investigations with an MRI with Fat/Sat 
sequences and possible administration of gadolinium in order to highlight any inflam-
matory focal points in the acute phase ([43–49]; Figures 9 and 10a-b).

Spondylolysis and spondylolisthesis
Spondylolysis is a bony defect of the neural arch. If the bony defect results in a 

forward shift of one vertebral body on another, this is called spondylolisthesis (a term 
coined by Kilian in 1854).

Spondylolisthesis is classified according to the Meyerding classification in relation 
to the degree of sliding of the overlying vertebral body compared to the underlying 
one (Figure 11).

7. Meyerding’s classification

The degree of forward shift of one vertebral body on another is measured as a 
percentage according to Meyerding’s classification:

Figure 8. 
In the treatment of interapophyseal synovitis, the needle is positioned under CT guidance at the level of the joint.
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Grade I 0-33%

Grade II 34-66%

Grade III 67-99%

Grade IV 100% and spondyloptosis

First-degree spondylolisthesis is asymptomatic in most cases and is often an 
occasional finding; however, in a small percentage of patients it can manifest itself 
with back pain complicated or not by sciatica.

Most patients with symptomatic grade I spondylolisthesis and spondylolysis do 
not require surgery and the treatment approach is physiokinesitherapy in nature, but 

Figure 9. 
Sagittal MRI after contrast medium administration: Pathological impregnation at the interspinous ligament at 
L3-L4.
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when symptoms do not resolve with physical therapy, they may require spinal stabili-
zation surgery.

Based on our experience, we carry out treatments in patients with first-degree 
spondylolisthesis (less than 33% anthelisthesis), bilateral isthmic lysis, and associated 
discopathy (disc herniation or protrusion).

All patients are treated by CT-guided bilateral periganglionic infiltration of 
O2-O3 and O2-O3 injection into the lysis points in the neural arch ([12]; Figures 12 
and 13a-b).

Figure 10. 
a-b: (a) axial MRI intense and homogeneous impregnation of the interspinous ligament at L3-L4 (Baastrup 
syndrome) (arrows), (b) resolution of the picture after infiltration with oxygen-ozone.

Figure 11. 
Meyerding’s classification uses as a criterion the degree of sliding of the overlying vertebra (B) with respect to the 
underlying one (A).
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8. Facet degeneration

Twenty-five to 45% of chronic low back pain is due to facet joint syndrome. 
Obviously, this syndrome can be accompanied by other problems contributing, 
mainly or partially, to pain and disability. Facet degeneration commonly occurs in the 
elderly. There are many conditions capable of generating facet symptoms, and among 
these, osteoarthritis is the most frequently encountered. This condition results in the 

Figure 12. 
Positioning of the spinal needle in the lysis point. CT check.

Figure 13. 
a-b. (a) Placement of the spinal needle at the intraforaminal level. (b) Control of the distribution of the post-
infiltration gaseous mixture.
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reduction or disappearance of articular cartilage, erosion of the adjacent bone mar-
gin, abnormal bone growth of the facet and articular processes, and ultimately joint 
instability, which can lead to vertebral subluxation. The sensitive nerve endings of 
the facet joints and surrounding tissues undergo irritation resulting in the sensation 
of spinal pain. The selection of patients eligible for interventional treatment makes 
use of both clinical-anamnestic data and data derived from the use of Diagnostic 
Imaging. Conventional radiographic examination and computed tomography are 
used to highlight joint relationships, anomalous growths of the joint bone component, 
and the reduction of joint spaces, an indirect index of cartilage remodeling; but MRI 
is mainly used, in particular in T2-weighted fast spin echo with fat suppression and 
T1-weighted fast spin echo with fat suppression and administration of paramagnetic 
contrast medium, to identify the active inflammatory process within or surrounding 
the facet joint.

Several types of treatment have been proposed for the pain of facet syndrome: 
intra-articular injection, nerve blocks, and radiofrequency thermos-neuroly-
sis [12].

At a clinical level, to select patients afflicted by this pathology, we use a series of 
now well-codified criteria. The diagnosis is suspected from the description of the pain 
and by making the patient practice both passively and actively movements that set the 
facets in motion:

• Deep low back pain, often more on one side than the other;

• Pain referred to the groin, thigh, buttock, and iliac crest;

• Pain on acupressure of the facets themselves;

• Increased pain with movement of extension (bending back) of the spine;

• Pain on rotation of the trunk toward the affected side;

• Aggravation of pain after prolonged standing and sitting position;

• Improvement with bed rest;

• Stiffness of the column;

• Absence of lower limb neurological deficits in sensation and movement;

• X-ray picture on plain X-ray, CT scan, and typical MRI.

All patients are treated with CT-guided technique, positioning the 22G spinal 
needle near or inside the facet joint and injecting 2–3 cc of O2-O3 gas mixture at 25 μg/
ml (Figure 14).
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Figure 14. 
CT check of the correct positioning of the needles at the level of the massive joints.
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